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Preface

In the past decade, we have entered an era of evidence-based medicine. Although many
types of clinical, preclinical, and population-based studies constitute ‘‘evidence,’’ the high
priests of evidence-based medicine have spent much time and energy attempting to provide
an acceptable hierarchy for the many types of evidence available to us for making clinical
decisions.

In general, in vitro, animal, and observational studies in human or nonhuman popula-
tions are not viewed as particularly compelling. Prospective studies in non-randomly se-
lected cohorts and retrospective case/control studies are valuable, but only slightly more
useful than in vitro, animal, or epidemiological surveys. Clinical trials, especially if prop-
erly done, are considered the best evidence and remain the ‘‘gold standard’’ in our evi-
dence-based era. Fortunately for those of us interested in hypertension and for the billion
hypertensives worldwide, there is no shortage of clinical trials to help us decide how to
treat our patients.

But clinical trials, too, are more or less useful if we are to make clinical decisions
as accurately as possible. Studies that are short in duration and small in sample size are
rarely helpful in deciding how best to treat a chronic condition such as hypertension.
Studies focusing on surrogate endpoints, such as a reduction in blood pressure, do not
necessarily provide reliable data, since reducing mortality and morbidity (clinical out-
comes) is the objective of treatment. We do not treat hypertension simply to lower the
blood pressure. We treat it to prevent strokes, heart attacks, heart failure, and chronic renal
disease, conditions for which epidemiological and other studies have provided evidence of
a direct relationship. Similarly, we do not treat hypercholesterolemia to lower the level
of total or low-density lipoprotein cholesterol in the blood but rather to reduce episodes
of coronary heart disease, which we feel are attributed to elevated levels of serum or low-
density lipoprotein cholesterol.

This book is designed to provide a historical perspective on clinical trials in hyper-
tension in which pharmacologic therapy was evaluated. There are 25 chapters. With the
exception of the final chapter, each reviews in detail either a completed trial or an impor-
tant trial that was still in progress as the book went to press, but would be completed
soon. The final chapter reports on the prospective collaboration of the WHO/ISH Trialist
Group that will pool data from the more than 30 large clinical trials in hypertension in
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progress. Some of the trials included here were not specifically for hypertensives, but
included a large number of hypertensive participants. Those studies were designed to
establish the efficacy of a treatment for a common complication of hypertension, such as
heart failure or chronic renal disease, and, to this end, also tested drugs used as antihyper-
tensives.

This book does not include all the clinical trials of pharmacologic therapy done for
hypertension. The trials selected for inclusion have addressed an important question; have
been of sufficient length and size to answer that question; and, with few exceptions, have
had or will have an important impact on clinical practice. Mortality and morbidity are the
primary outcomes of most of the studies, but some were designed to help clinicians decide
which drug to use to treat hypertensive patients.

Most, but not all, of the studies detailed here were government sponsored (in the
United States, the United Kingdom, Scandinavia, and elsewhere in western Europe). But
several very important studies were wholly or partly sponsored by the pharmaceutical
industry in partnership with academic investigators or governmental agencies. We cannot
do large and long-term clinical trials without support from industry. If the studies were
done and analyzed properly, the results are as valid and useful as the data from trials
totally under the control of nonindustry personnel.

The chapters are presented in chronological order; when the book is read in sequence
from Chapter 1 to Chapter 25, it presents a history of what has been accomplished over
the past 35 years.

Some studies, such as the VA Trial (Chapter 1), the USPHS Trial (Chapter 2), the
Australian National High Blood Pressure Study (Chapter 4), and the MRC Trial of the
Treatment of Mild Hypertension (Chapter 5), established the value of treating younger
hypertensives with diastolic blood pressure elevations. This now universally accepted evi-
dence was in question until these trials were completed. The value of treating hypertension
was not accepted by many on ‘‘faith’’ alone.

The Hypertension Detection and Follow-Up Program (Chapter 3) and the Hyperten-
sion Optimal Treatment Study (Chapter 15) evaluated the goal of treatment of diastolic
hypertension. No study to date has been completed, or even planned, specifically to deter-
mine the treatment goal for systolic blood pressure.

Several studies compared available antihypertensive drugs. The studies completed
in the 1980s, such as HAPPHY and MAPHY (Chapters 6 and 7), compared diuretics and
β-adrenergic receptor blockers. Studies completed in the 1990s, such as TOMHS (Chapter
12) and VA Cooperative Study of Monotherapy (Chapter 13), compared those agents to
‘‘new’’ drugs: angiotensin-converting-enzyme inhibitors, α-adrenergic receptor blockers,
and calcium antagonists.

This book also details the studies done in older hypertensives (�60 years of age).
Only one trial that was exclusively for the elderly—the European Working Party on Hy-
pertension in the Elderly (Chapter 8)—was finished in the 1980s. Five more trials (Chap-
ters 9, 10, 11, 14, and 20) were completed in the 1990s. All the participants in the European
Working Party on Hypertension in the Elderly had an elevated diastolic blood pressure
(�90 mm Hg). These newer studies also randomized older individuals with both diastolic
and systolic hypertension or with only isolated systolic hypertension.

Four chapters are devoted to studies either in heart failure (Chapters 17 and 19), in
nephropathy (Chapter 18), or in the immediate postmyocardial infarction setting (Chap-
ter 16).

Chapters 21 to 24 detail important studies still in progress. Hopefully, the report of
the collaborative group (Chapter 25) will provide adequate detail about these trials.
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The format of each chapter is relatively uniform, which makes it easy for the reader
to compare studies. In each case, the author or authors were part of the study leadership.
Each chapter contains details of inclusion and exclusion criteria, baseline characteristics
of the enrolled subjects, the planned analyses and calculations used to interpret the results,
the drug regimen used, and the primary and, in many cases, secondary results.

When possible, I have had the authors include a list of their collaborators, including
those on study committees, those who helped enroll the cohort (the investigators), and
those who were charged with evaluating and protecting the participants in the trial while
it was still blinded (the Data and Safety Monitoring Boards).

There are many whom I could not specifically thank and credit:

• Innumerable study coordinators, recruiters, secretaries, data managers, and oth-
ers who actually did much of the work and who almost never get recognition.
Without their efforts, none of the data presented here could ever have been ac-
crued. Many who participate in the design and implementation of clinical trials
toil without recognition. I hope they derive satisfaction from knowing that their
efforts are not in vain.

• Government and industry officials who provided the financial support needed
for these trials. In each case, they chose to allocate scarce resources to answer the
questions posed by the study rather than for other, equally important, problems.

• The hundreds of thousands of hypertensive participants who willingly gave their
time and took the potential risks of treatment (or no treatment) to enroll in these
and other studies. I wish I could personally thank them and include their names,
but because of confidentiality requirements and space restrictions, this is impos-
sible. They are the real unsung heroes of this story and of clinical research in
general.

I would also like to acknowledge the invaluable assistance of the staff of Marcel
Dekker, Inc., especially Graham Garratt, who invited me to write this book and who sadly
is not with us to see if his faith in me was justified, and Sandra Beberman. Special thanks
go to Norma Sandoval, who worked tirelessly for many months to see that this volume
was done properly. Without her dedication, Clinical Trials in Hypertension would never
have been completed successfully.

This volume will be a valuable resource for those in the field. As new trials are
completed and new evidence is accumulated, it is especially important that we have the
perspective of time. We can understand so much better where we need to go if we really
understand how we got to where we are.

Henry R. Black
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1

The Veterans Administration
Cooperative Study on
Antihypertensive Drugs

EDWARD D. FREIS

Veterans Administration Hospital, Washington, D.C.

I. INTRODUCTION

The first controlled trial concerning the effects of drug treatment on morbidity and mor-
tality in hypertension was the Veterans Administration Cooperative Study (VA Trial)
(1–3). In the early 1960s when the trial was initiated, the drug treatment of hypertension
was not accepted by most physicians. Goldring and Chasis, two of the opinion leaders at
the time, wrote, ‘‘There can be no doubt that the disabling and lethal agent in chronic
hypertensive disease is not the blood pressure (BP) but the associated arterial and arteriolar
disease’’ (4). They also emphasized that reducing the BP with drugs was of no therapeutic
benefit because it did not affect the fundamental and unknown cause of the vascular dis-
ease. They argued that it was first necessary to find the cause or causes of hypertension
before it could be treated effectively.

At the same time, a minority opinion asserted that although the fundamental cause
for the hypertension was unknown, the increased intravascular pressure could have injuri-
ous effects in the arterial system. In the large arteries, the high pressure might aggravate
and accelerate the development of atherosclerosis; in the arterioles, it might cause nar-
rowing of the lumen because of the reactive arteriolosclerosis. The elevated BP could then
be the determining factor in the development of such complications as heart attacks,
strokes, congestive heart failure, and nephrosclerosis. If this hypothesis were correct, re-
ducing the BP should arrest the progression of the vascular disease and prevent major
complications. This controversy provided the stimulus for undertaking the VA trial.

1



2 Freis

Table 1 Inclusion and Exclusion Criteria

Inclusion Criteria Diastolic BP
Average of last two baseline clinic visits 90–129 mm Hg

Severe group 115–129 mm Hg
Mild and moderate group 90–114 mm Hg

Exclusion Criteria (past or present)
Hypertensive neuroretinopathy
Cerebral hemorrhage
Recent myocardial infarction
Congestive heart failure
Dissecting or ruptured aortic aneurysm
Renal failure
Secondary hypertension
Unrelated fatal disease
Normal BP when hospitalized

II. DESIGN OF THE TRIAL

Because it was generally believed that drug treatment was of no benefit in essential hyper-
tension, even if severe, the VA trial was designed to test the effects of drug treatment in
both mild hypertension and essential hypertension of all degrees of severity. An exception
was malignant hypertension (diastolic BP � 130 mm Hg with hypertensive neuroretinopa-
thy), because several reports had indicated improvement using the drugs then available
(5, 6). Therefore, patients with malignant hypertension were excluded from the trial. Pa-
tients with major complications or with unrelated life-threatening diseases such as cancer
were also excluded. Other exclusion criteria are listed in Table 1.

The population admitted to the study was weighted more toward moderate to severe
essential hypertension (1, 2) than was the case in subsequent trials. Although patients with
mild hypertension were included, their number was too small to provide adequate statisti-
cal power. All patients were males whose BP at entry averaged 90 to 129 mm Hg (1).
The patients were first admitted to the hospital for one week to rule out curable forms of
hypertension and to identify ‘‘white-coat’’ hypertension. Patients whose BP fell to normal
levels during hospitalization were excluded. The baseline blood pressure was taken as the
average of three readings recorded during the first outpatient visit after the hospitalization.

Drug treatment consisted of a combination tablet containing 50 mg of hydrochloro-
thiazide and 0.1 mg of reserpine taken twice daily plus 25 mg of hydralazine three times
daily (Table 2). The control group received matched placebos of these drugs. Compliance
was tested during a 2-week prerandomization period. The patients received a placebo

Table 2 Active Drug Regimen

Drug Dose Frequency

Hydrochlorothiazide* 50 mg 2 times daily
Reserpine 0.1 mg 2 times daily
Hydralazine 25 mg 3 times daily

* Hydrochlorothiazide and reserpine were combined in a single tablet.
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containing riboflavine, which caused the urine to fluoresce when viewed under ultraviolet
light. Patients identified as being noncompliant by pill counts or the fluorescence test were
excluded from the trial. Testing for compliance was continued postrandomization and the
importance of adherence was repeatedly emphasized.

III. RESULTS

A. Severe Hypertension

Of the 523 patients randomized into the study, 143 had severe hypertension as defined
by a baseline average diastolic BP in the range of 115 to 129 mm Hg (1). The mean age
of these patients was 51 years and their average weight was 83.5 kg. Seventy-seven pa-
tients were black and 66 were white. There were no significant differences in major charac-
teristics at the time of randomization between the treated patients and the placebo group
(Table 3). The patients with severe hypertension were removed from the trial after only
18 months of follow-up because of the large number of morbid events occurring in the
control group.

In the severe group, BP fell significantly among the drug-treated patients. The aver-
age diastolic BP decreased from 121 mm Hg before randomization to 91.6 mm Hg at 12
months afterward. There was no significant fall of BP in the placebo group. Four patients,
all in the placebo group, died, three from ruptured aortic aneurysms and one from sudden
death (Table 4). In the control group, 27 patients developed terminating events as com-
pared with only 2 in the treated patients. The nonfatal events included progression to
malignant hypertension, congestive heart failure, stroke, myocardial infarction, and im-
pairment of renal function. The trial was then terminated by the oversight committee, a
group of outside physicians who periodically reviewed the unblinded data. The only event
in the treated group was a nondisabling stroke. The other termination was the result of
an adverse drug reaction.

Table 3 Baseline Characteristics of Patients with Diastolic Hypertension
(115–129 mm Hg)

Placebo Active drugs
Characteristics number number

Total randomized 70 73
White 35 31
Black 35 42

Cardiac symptoms 22 21
Left ventricular hypertrophy (ECG) 22 24
Prior cerebrovascular thrombosis 5 6
Diabetes 5 8

Mean Mean
Age (yrs) 51 50
Weight (lb) 183 184
Systolic BP (mm Hg) 187 186
Diastolic BP (mm Hg) 121 121
Blood glucose, fasting (mg/100 ml) 96 97
Blood cholesterol (mg/100 ml) 251 242



4 Freis

Table 4 Morbid Events by Diagnostic Categories in Patients with Initial Severe Diastolic
Hypertension (115–129 mm Hg)

Total events Terminating events

Diagnosis Control Treated Control Treated

Deaths
Aortic dissecting aneurysm 2 0 2 0
Ruptured abdominal aneurysm 1 0 1 0
Sudden death 1 0 1 0
Nonfatal Events
‘‘Accelerated’’* hypertension 9 0 9 0
Diastolic BP �140 mm Hg 3 0 3 0
Progressive renal disease 2 0 2 0
Stroke 4 1 4 1
Transient ischemic attack 0 0 1 0
Myocardial infarction 2 0 0 0
Congestive heart failure 2 0 0 0
Adverse drug reactions† 0 0 0 1

* Diastolic BP � 130 mm Hg with hemorrhages, exudates, or papilledema in the optic fundi.
† Fasting blood glucose 450 mg/100 ml and serum potassium 2.5 mEq/L.

B. Mild and Moderate Hypertension

Three hundred eighty patients were randomized into the trial with entry diastolic BP rang-
ing between 90 and 114 mm Hg (2, 3). The average follow-up was 3.3 years, although
some were followed up for more than 5 years. Blacks comprised 42% of the control
patients and 41% of the treatment group. The average ages were 52.0 years in the control
group and 50.5 years in the treatment group. The two groups also were similar in other
demographic characteristics (Table 5).

The effectiveness of the triple-drug regimen of thiazide-reserpine-hydralazine in
reducing BP was demonstrated in the changes after randomization. Blood pressure in the
placebo group rose slightly from a baseline average of 165/105 to 169/106 mm Hg at 4
months after randomization. In the treated group, the average BP had fallen significantly
from 162/104 to 135/87 mm Hg. It is noteworthy that this combination of inexpensive
older drugs lowered the BP of the majority of patients into the normal range. These drugs
seemed to be just as effective or more effective in this regard than the newer, more expen-
sive drugs.

During the average follow-up of 3.3 years, 56 patients (28.9%) in the placebo group
had major cardiovascular events develop (Table 6). In the treatment group, only 22
(11.8%) had cardiovascular complications. Also, 20 additional patients, all in the control
group, did not have a specific event but did develop an increase in the severity of their
hypertension. Their diastolic BP increased to more than 125 mm Hg, requiring removal
from the trial and institution of drug treatment. Many of these patients probably would
have had cardiovascular complications develop if left untreated.

A direct relationship was seen between the level of diastolic BP at entry and the
effectiveness of treatment. In patients with entry diastolic BP of 105 to 114 mm Hg, there
were 75% fewer morbid events in the treatment group, as compared with the control group.
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Table 5 Baseline Characteristics of Patients with Mild and Moderate
Diastolic Hypertension (90–114 mm Hg)

Characteristic Placebo Active drugs

Total randomized 186 194
Black 76 110
White 110 113

Mean Mean
Age (yrs) 52.0 50.5
Body weight (kg) 81.8 80.1
Hospital systolic BP (mm Hg) 157.5 154.0
Hospital diastolic BP (mm Hg) 101.3 100.2
Clinic systolic BP (mm Hg) 165.1 162.1
Clinic diastolic BP (mm Hg) 104.7 103.8
Serum creatine (mg/100 ml) 1.26 1.24
BUN (mg/100 ml) 15.6 16.2
Serum potassium (mEq/1) 4.4 4.4
Fasting blood glucose (mg/100 ml) 96.5 100.4
Serum cholesterol (mg/100 ml) 250.1 245.0
Serum uric acid (mg/100 ml) 6.3 6.0

By contrast, in patients with entry diastolic BP of 90 to 104 mm Hg, only a 35% reduction
in complications among the treated patients was noted.

There were 19 deaths from cardiovascular causes in the control group, compared
with 8 among the treated patients. Seven of the deaths in the control group were the result
of strokes. Only one patient died of stroke among the treated patients (Table 6). Fatal
myocardial infarction or sudden death occurred in 11 patients in the control group and in
6 of the treated patients. When fatal and nonfatal coronary artery events were combined,
however, the total events were nearly the same in the 2 groups, that is, 13 in the control
group and 11 among the treated patients. This shortfall in the prevention of myocardial
infarction has also been reported in many of the subsequent treatment trails with antihyper-

Table 6 Classification of Morbid Events by Diagnostic
Categories in Patients with Initial Mild and Moderate Diastolic
Hypertension (90–114 mm Hg)

Total events

Diagnosis Control Treated

Cerebrovascular accident 20 5
Coronary artery disease 13 11
Congestive heart failure 11 0
‘‘Accelerated’’ hypertension 4 0
Renal damage 3 0
Other 5 6
Total 56 22

Source: Ref. 2.
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tensive drugs (7). It may be related to the fact that risk factors other than hypertension,
such as cigarette smoking or an elevated serum cholesterol level, also are important in
the pathogenesis of myocardial infarction.

The development of stroke, on the other hand, which may be more BP dependent,
occurred in 20 patients in the placebo group versus only 5 among the treated patients
(Table 6). Even more striking was the association between treatment and prevention of
congestive heart failure, a complication that occurred in 11 patients in the control group
versus none in the treated patients. Left ventricular hypertrophy also was strikingly influ-
enced by drug treatment, as judged by electrocardiographic evidence (8). Only one fourth
as many treated patients had left ventricular hypertrophy develop during the trial as oc-
curred among the placebo group.

Life-table analysis of morbid events during a 5-year follow-up period indicated a
cumulative incidence rate of 55% for the control group as compared with 18% for the
treated patients (Fig. 1). It can be estimated, therefore, that over a 5-year period, treatment
prevented 37% of morbid events (the difference between control and treated groups). This
represents an effectiveness of treatment of 67%, that is, the difference between control
and treated groups divided by the percent of events in the control group. Figure 1 also

Fig. 1 Estimated cumulative incidence of morbidity over a 5-year period as calculated by the life
table method. Terminating morbid events (top) and all morbid events (bottom). (From Ref. 2.)
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shows that the spread between events in the treatment and control groups appears early
and then widens, indicating increasing benefit with the passage of time.

Most of the patients in whom complications developed were older than the average
age. In the control group, only 15 of the 56 patients in whom complications developed
were younger than age 50. Nevertheless, the percentage difference in the effectiveness of
treatment between control and treated patients was essentially the same in the two age
groups.

Drug-related adverse effects occurred in 20% of the patients. Biochemical adverse
effects included hypokalemia, elevated serum uric acid level, and increased blood sugar.
Hypokalemia occurred in 20% of the treated patients. However, no cardiac arrhythmias
were reported in any of these patients despite the 100 mg/day dose of hydrochlorothiazide.
Serum uric acid levels were above the normal range in 16% of the control patients and
30% of the treated group. Acute gout developed in one treated patient. After 1 year of
treatment, 15.6% of the control group and 20.8% of the treated patients had fasting blood
glucose levels greater than 110 mg/100 ml.

Subjective complaints that might be drug related also were recorded. Adverse effects
that occurred more frequently in the treated patients included lethargy and weakness, nasal
stuffiness, and ulcer symptoms. However, the incidence of nightmares, arthritis, angina,
and headache was greater in the control group, whereas complaints of depression, skin
rash, and impotence were essentially the same in both groups. These results indicated that
these older drugs in the doses used produced few drug-related subjective adverse effects.

IV. DISCUSSION

The VA trial was innovative in several ways. To this author’s knowledge, it was the
first multiclinic, long-term, controlled trial in any type of cardiovascular disease. The
demonstrated success of the method, as demonstrated by the VA trial, provided a model
for subsequent controlled trials of drug treatment in hypertension and other cardiovascular
diseases. Long-term controlled trials have become the standard by which most treatments
are evaluated.

The VA trial also was very important in clarifying the relationship between the
pathological changes associated with hypertension and elevated BP. Before the VA trial,
the prevailing opinion was that the high BP was only a symptom of an underlying cardio-
vascular disease (4). If the hypertension was only a secondary event, reduction of BP
would not prevent progression of the pathological changes in the heart and arterial system.
Prevention of cardiovascular changes after BP reduction provided strong evidence that
the changes were the result of the elevated BP and not the reverse, as was formerly be-
lieved. Of course, what causes the BP to rise in the first place still remains unknown.

The VA trial is primarily recognized as the first convincing demonstration of the
effectiveness of drug treatment in preventing complications associated with moderate and
severe hypertension. It provided the first sound evidence that cardiovascular complications
such as stroke, heart failure, and renal failure were reduced by drug treatment.

The effectiveness of treatment was directly related to the severity of the hypertension
at entry. The greatest reduction of morbid events in treated patients, as compared with
control patients, occurred in the group with the most severe hypertension, and the smallest
difference occurred in the patients with the mildest elevation of BP. These findings were
the opposite of those of the Hypertension Detection and Follow-Up Program (HDFP) (9),
which found that the percentage reduction in mortality with treatment was greatest in the
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mildest forms of hypertension (90 to 94 mm Hg) and decreased progressively with higher
levels of pretreatment blood pressure. The reason for this difference between the two trials
is not clear.

The most frequent major complications of mild hypertension are those related to
coronary heart disease. There were also the most frequent complications in the patients
with mild hypertension in the VA trial. Although there were fewer reductions in coronary-
related morbidity and mortality with treatment, the differences were not significant (2).
On the other hand, so-called ‘‘hypertensive’’ complications such as stroke, congestive
heart failure, and accelerated hypertension occurred more frequently in patients with mod-
erate to severe hypertension. These complications, unlike the coronary events, were re-
duced considerably by treatment.

Patients with systolic hypertension were not included in the VA trial. It was recog-
nized that diastolic hypertension was caused by constriction of the arterioles. On the other
hand, systolic hypertension was the result of reduced distensibility of the aorta and its
major branches caused by atherosclerotic changes associated with aging. The principal
risk was not thought to be the elevated systolic BP but rather the underlying atherosclero-
sis. Indeed, some physicians considered it dangerous to reduce blood pressure when there
was possible narrowing of arterial lumen by atherosclerotic plaques. At that time, we did
not have the benefit of reliable epidemiological and therapeutic trial data (10) to prove
that our concerns were unnecessary.

The patients in the VA trial differed from the general population of hypertensive
patients. The untreated patients developed more complications and more accelerated hy-
pertension than in other trials. This was partly because of the manner in which they were
selected for the trial. Many of the patients had moderate to severe hypertension on admis-
sion. Also, before randomization they were hospitalized for one week and the patients
whose diastolic blood pressure fell below 90 mm Hg were excluded. However, these
selection procedures did not invalidate the main conclusion of the trial, which was that
treatment was effective in preventing the cardiovascular complications of hypertension.

V. CONCLUSION

The VA cooperative study is remembered for changing the management of hypertension.
It altered the emphasis from diagnosing and treating secondary forms of hypertension to
using drugs to control the BP in the much more prevalent form of hypertension, that is,
primary hypertension. The study convinced physicians that such patients could benefit
from treatment with antihypertensive drugs. It demonstrated that by controlling the BP,
physicians could prevent most of the complications of the disorder as well as its progres-
sion to a more severe state.
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The Treatment of Mild Essential
Hypertension: The U.S. Public
Health Service Hospitals Clinical Trial

W. McFATE SMITH

SRI International, Menlo Park, California

I. BACKGROUND AND RATIONALE

The Public Health Service Hospital intervention trial in mild hypertension (1) was initiated
in September 1966. At that time, it was estimated that more than 20 million adults in the
United States had definite hypertension defined as 160/95 mm Hg or greater. After using
the lower cut-off point of 140/90 mm Hg to define hypertension, the estimate was raised
to nearly 50 million persons, the preponderance of whom had so-called ‘‘mild hyperten-
sion,’’ that is, diastolic blood pressures in the range of 90 to 104 mm Hg.

Data from the Society of Actuaries (2), the Framingham experience (3), and the
Pooling Project (4) of the Council on Epidemiology of the American Heart Association
had established that excess morbidity and mortality are experienced by both sexes, at all
ages, and in direct proportion to the elevation of their blood pressure above diastolic levels
of 80 mm Hg. The high prevalence of hypertension noted above, combined with this
elevated risk of premature and excess cardiovascular complications, defined a public health
problem of enormous proportion.

The treatment of hypertension had been predicated on the assumption that interven-
tion that lowers pressure would prevent the cardiovascular complications. Support for this
hypothesis began to accumulate a decade or so earlier, first in the case of the malignant
phase of hypertension, and subsequently for severe but benign, or non-‘‘accelerated’’ pri-
mary hypertension. The reports of Hamilton et al. (5), Leishman (6), and Bjork et al. (7),
were noteworthy in this regard, and whereas only Hamilton’s study was prospective and
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included concurrent controls, all consistently demonstrated an improved prognosis when
pressure was lowered.

By inference, it was logical to expect this should also be the case for less severe
and mild hypertension. However, given the natural history of the disease, including the
long asymptomatic phase with low incidence of complications, it was expected to be
exceedingly difficult to demonstrate. The anticipated difficulties included the need to re-
cruit and provide systematic long-term follow-up of a large representative study population
in a well-controlled intervention trial. Moreover, therapists in the Cooperative Study
Group of the Public Health Service Hospitals shared a general reluctance to commit indi-
viduals with mild hypertension to a lifetime of medication—itself not without hazard,
expense, and inconvenience. Accordingly, the Group concluded that there was a need for
a well-designed, long-term, prospective intervention study to evaluate the influence of
blood pressure control on the complications of mild hypertension.

The first subjects entered the study in September 1966, less than 1 year after the
beginning of the Veterans Administration (VA) prospective trial, which had similar objec-
tives (8). The VA trial confirmed the findings of Hamilton for those with diastolic blood
pressures in the 115 to 129 mm Hg range, and subsequently extended these observations
to their group of subjects in the range of 90 to 114 mm Hg.

II. OBJECTIVES OF THE STUDY

The objective of the trial was to determine whether the lowering of blood pressure with
antihypertensive medications would result in reduced incidence of cardiovascular compli-
cations, increased survival, or both.

The primary hypothesis for the statistical design was that the survival rate of treated
hypertensive patients would be comparable to that of the normotensive population.

The trial was a primary prevention study in the sense that every reasonable effort
available at the time was made to exclude individuals who had already sustained demon-
strable target organ damage.

III. STUDY DESIGN

The design and time course of the trial is schematized in Figure 1.

A. Selection Criteria (Table 1)

Male and female subjects up to age 55 were qualified for admission to the study if their
average diastolic blood pressure (DBP) during a 6-week home pressure control period
was in the range of 90 to 114 mm Hg. In addition, their ‘‘clinic basal’’ (sitting position
after resting quietly for 20 minutes without smoking) diastolic pressures were required to
equal or exceed 90 mm Hg.

Those thus qualified were admitted to the study if not excluded for the following
reasons:

1. Diabetes mellitus, renal insufficiency, or hypercholesterolemia (� 350 g/dl)
2. Abnormal electrocardiogram
3. Radiographic cardiomegaly
4. Grade III or IV retinopathy
5. Clinical history or findings of (a) previous arterial thrombosis or vascular insuf-
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Fig. 1 A schematic diagram of the study design indicating control and treatment (C � R �
chlorothiazide and rauwolfia) and the duration of follow-up. Home blood pressures (HBP) were a
feature of pre- and post-treatment control periods. Source: Ref. 15, published by permission of the
American Heart Association.

ficiency, whether coronary, cerebral, or peripheral; (b) congestive heart failure;
(c) angina pectoris; (d) valvular heart disease; or (e) secondary or correctable
hypertension

6. Known sensitivities to the intervention agents

B. Placebo Trial Period

Qualified subjects were then started on a 3-month trial period of placebo medication,
during which time additional baseline blood pressures were obtained. Excluded were those

Table 1 Selection Criteria

Gender Male and female
Age 55 years and younger
Blood pressure Home control

DBP 90 to 114 mm Hg
Clinic control

DBP �90 mm Hg
Exclusions Diabetes mellitus

Renal insufficiency
Hypercholesterolemia
Abnormal ECG
Radiographic cardiomegaly
Retinopathy grade III or IV
Clinical history of cardiovascular disease
Secondary or correctable hypertension
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whose diastolic pressures fell to less than 90 mm Hg on two or more of the three visits
during the period.

C. Treatment Program

At the conclusion of the trial period, subjects were randomly assigned to either active or
placebo treatment. This medication was substituted for the identical placebo of the trial
period and administered in double-blind fashion. Active therapy consisted of 500 mg of
chlorothiazide plus 100 mg of rauwolfia serpentina combined in a single tablet, taken
twice daily, a regimen demonstrated in previous trials to control blood pressure in up to
80% of such cases (9) (Table 2).

D. Follow-Up Procedures

Subjects were followed up bimonthly with determination of blood pressure and heart rate.
A pill count was made and adverse effects query carried out.

Semiannually, a limited physical examination, including fundoscopy, was conducted
and recorded. Electrocardiogram (ECG), urinalysis, and determination of serum creatinine
and potassium were carried out at that time. Annually, an exercise ECG, cardiac series,
creatinine clearance, serum cholesterol, and a 2-hour post-load serum glucose were re-
corded.

Electrocardiograms were interpreted centrally by a single reader who was blinded
to treatment assignment. Cardiac series for radiographic cardiac size assessment were
interpreted centrally by a cardiovascular radiologist, similarly blinded to treatment,
applying the Ungerleider technique of measurement.

E. Morbidity Observations

The statistical endpoints were predefined in terms of specified cardiovascular complica-
tions, which were classified into primary, secondary, tertiary, and treatment failure. End-
points were classified into those morbid events considered direct complications of elevated
pressure, per se (hypertensive), and those predominantly associated with vascular sclerosis
(atherosclerotic) (Tables 3 and 4). Endpoints were also preclassified as major and minor.
Only the major events—death, stroke, and myocardial infarction—were used as endpoints
in the sequential analysis.

Treatment failure was defined as ‘‘accelerated hypertension,’’ namely, the progres-
sive elevation of DBP to levels exceeding 130 mm Hg on three consecutive visits over
a period of not more than one month, or on any single visit if symptomatic, or if associated
with the appearance of grade III or IV retinopathy.

Table 2 Drug Regimen

Active Chlorothiazide 500 mg*
Rauwolfia serpentina 100 mg*

Control Identical placebo

* Combined in a single tablet and taken twice daily.
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Table 3 Classification of Endpoints

Primary
Cerebral hemorrhage or thrombosis
Myocardial infarction
Death

Cardiovascular disease
Sudden

Secondary
Coronary insufficiency
Cerebrovascular arterial insufficiency
Peripheral arterial insufficiency or occlusion
Renal insufficiency
Encephalopathy and/or malignant hypertension
Congestive heart failure

Tertiary
Cardiac enlargement
ECG abnormality

LVH/LVI
Positive exercise test
Arrhythmias and conduction disturbances

Treatment failure
Accelerated hypertension

Abbreviations: LVH, left ventricular hypertrophy; LVI, left
ventricular ischemia.

Table 4 Classification of Complications

Hypertensive
Cerebral hemorrhage
Aortic dissection
Renal insufficiency
Encephalopathy or retinopathy grade III or IV
Malignant or accelerated hypertension
Cardiac enlargement
Left ventricular hypertrophy

Atherosclerotic
Cerebral thrombosis
Myocardial infarction
Coronary insufficiency

Angina pectoris
ECG abnormality—ischemia, arrhythmias, and conduction disturbances

Claudication syndromes
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IV. STATISTICAL DESIGN

The design provided for sequential (truncated binomial boundaries) and for life table anal-
ysis, the former to recognize the earliest possible stopping point should results favor either
group and to minimize the required sample size. Subjects were randomly assigned to
treatment or placebo and then matched by race and sex for two broad age groups (younger
than age 46 and ages 46 to 55). This stratified randomization was carried out within each
of the six participating clinical centers.

Morbidity data on which to base sample size and duration of follow-up were not
available in the literature, so published survival rates were used. These were available
both for mild to moderate hypertension (10–13) and for the general male population of
the same age groups not dying of cardiovascular diseases (14). Curves were fitted to the
survival rates for the two groups (Fig. 2), examination of which reveals that after ten years
of follow-up, mild to moderate hypertensive patients had a survival rate of 65%, compared
with 85% for the general male population (15).

To demonstrate with a high degree of confidence (α 0.05, β 0.05) that the survival
rate of treated hypertensives was comparable to the normotensive population, it was calcu-
lated that 328 subjects (164 matched pairs) would be required in the truncated sequential
design (16). This assumed that the magnitude of difference to be expected between the
treated and nontreated groups would be of the same order of magnitude as illustrated in
Figure 2.

Morbidity rates were expected to be somewhat higher than fatality rates, meaning
that the desired degree of difference should be seen earlier. The estimate was 7 years,

Fig. 2 Survival rates of mild to moderate hypertensive patients and general male population of
initial age 45 to 49 years who did not die of cardiovascular diseases. Source: Ref. 15, published
by permission of the American Heart Association.
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and on the basis of anticipated dropouts over that period, a final sample size of 400 to
450 subjects was considered desirable.

V. CHARACTERISTICS OF THE STUDY POPULATION

Of 1600 potential candidates formally screened, 422 were entered into the study, 33 of
whom were disqualified early as misadmissions, leaving 389 for follow-up and analysis.
Of the nearly 1200 excluded during screening, the most common reason was failure to
demonstrate sustained hypertension during the home pressure control period. Subjects
averaged 44.4 years of age, with little variation of the distribution by race or gender. Men
made up 80% of the total, three-fourths of whom were white. More than half had received
no prior therapy for high blood pressure, and of those who had, 90% had responded satis-
factorily. The distribution of these and all other pretreatment characteristics into the active
and placebo groups by stratified randomization was uniform (Table 5).

A. Blood Pressure (Table 6)

Pretreatment home control blood pressure averaged 148/99 mm Hg, with the highest fre-
quency in the distribution of systolic pressures in the range of 140 to 149 and 90 to 95
for diastolic pressures. It should be noted that 79.1% of the study population were in a
group with pretreatment diastolic pressures in the range of 90 to 104 mm Hg.

B. Serum Chemistry

The average pretreatment serum cholesterol was 224 mg/dl, with only 9% of subjects
exceeding 275 mg/dl. Uric acid levels were shifted upward in both men and women, with

Table 5 Pretreatment Characteristics

Active Placebo

Men (148) Women (45) Men (163) Women (33)

Age (years) 44.3 44.3 44.6 43.9
Height (inches) 69.8 64.3 69.9 64.1
Weight (lb) 186.9 151.3 191.6 147.1
Serum cholesterol 228.7 (43.5)* 238.8 (44.7) 226.8 (41.5) 226.5 (39.1)
Serum uric acid 6.9 (1.4) 5.0 (1.3) 6.5 (1.5) 4.6 (1.2)
Serum creatinine 1.1 (0.2) 0.9 (0.3) 1.2 (0.3) 0.9 (0.2)
2-hour glucose 107.1 (19.4) 106.3 (19.0) 109.7 (18.2) 106.0 (18.2)

Total Active Placebo

n % n % n %

White 280 72.0 138 71.5 142 72.4
Nonwhite 109 28.0 55 28.5 54 27.6
Male 311 80.0 148 76.7 163 83.2
Cigarettes 182 46.7 89 46.1 93 47.4
Hypervoltage 64 16.4 26 13.4 38 19.3
Prior therapy 203 52.2 84 43.5 119 60.7

* ( ) � standard deviation.
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Table 6 Control Blood Pressure

Total Active treatment Placebo treatment
Pressure
(mm Hg) No. % No. % No. %

Subjects 389 100.0 193 100.0 196 100.0
Systolic

� 140 105 27.0 52 26.9 53 27.0
140–159 216 55.5 111 57.5 105 53.6
160–179 60 15.4 29 15.0 31 15.8
180–199 6 1.5 1 0.5 5 2.6
�199 2 0.5 — — 2 1.0
Average 147.8 146.8 148.7
SD 13.5 12.4 14.5

Diastolic
90–95 152 39.1 77 39.9 75 38.3
96–100 91 23.4 41 21.2 50 25.5

101–105 66 17.0 31 16.1 35 17.8
106–110 41 10.5 23 11.9 18 9.2
111–115 39 10.0 21 10.9 18 9.2
Average 99.3 99.5 99.1
SD 6.9 7.1 6.9

Abbreviation: SD, standard deviation.

a mean of 6.2 mg%. The mean value for serum glucose 2 hours after a 100-g oral load
was 107 mg%.

C. Electrocardiograms

Left ventricular hypertrophy (defined as hypervoltage) was found in 16.3% of subjects
by at least one of three separate criteria. Left axis deviation minus 30 degrees or greater,
(not an exclusion factor) was present in 12%.

All of these pretreatment variables distributed uniformly into the two treatment regi-
mens. Furthermore their distributions by age, race, and gender resulted in no clustering
whereby subgroups of excess or preferred risk occurred in either treatment group. Thus, it
was concluded that on the basis of pretreatment characteristics, each group was potentially
equally responsive to the therapeutic agents, and neither was at greater risk from factors
other than blood pressure.

VI. RESULTS

Follow-up time in the study ranged from 78 to 108 months, averaging more than seven
years. There was no differential dropout rate between the treatment and control groups
(33.2% versus 34.7%). This applies to those who simply failed to return (Lost to Follow-
up) as well as those who voluntarily ‘‘withdrew’’ from assigned therapy but remained
under follow-up. The number for whom vital status was unknown was also similar in the
two groups (14 versus 12).
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A. Blood Pressure Control

Lowering of blood pressure in the active treatment group occurred promptly, was virtually
complete in the first 6 months and, for those remaining on therapy, was sustained for the
duration of follow-up. Group means for the two regimens at points in time over the entire
period of follow-up are illustrated in Fig. 3. The average reduction in systolic pressure
varied narrowly around 16 mm Hg, and diastolic was around 10 mm Hg, which was the
equivalent of the differential in reduction between the two regimens, as the blood pressure
in the placebo group remained essentially unchanged over the duration of the study (Table
7). Women of both races and whites of both sexes had the best response, whereas non-
whites had the poorest.

B. Morbid Events

As noted above, the primary endpoints of death, stroke, and myocardial infarction were
used in the sequential analysis that determined the earliest possible stopping point. No

Fig. 3 Average blood pressure and number of subjects by regimen over time.
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Table 7 Blood Pressure Change (All Subjects)

Active Placebo

X SD n X SD n

Systolic
Baseline (placebo control) 147.8 14.5 175 145.9 13.1 178
12 months 131.5 20.0 147.4 18.9
Difference �16.5 19.4 �1.5 16.7

Diastolic
Baseline 98.8 6.6 99.0 8.3
12 months 88.4 11.3 98.4 11.9
Difference �10.4 11.4 �0.6 11.3

Abbreviations: n, number of subjects; SD, standard deviation.

stopping point was reached in advance of the planned duration of the study. These major
endpoints totaled 17 and were only slightly higher in the controls (9 versus 8) (Table 8).
Moreover, the total deaths were fewer than predicted for the placebo group based on
published mortality rates. There were six deaths overall, four in the placebo group, two
of which occurred subsequent to the subjects having been switched to active therapy. One
death in each group was a sudden death, the others subsequent to myocardial infarction.
Two strokes occurred in the placebo group. Twelve subjects suffered nonfatal myocardial
infarction as their first events, seven while taking active drugs and five taking placebo.

All first morbid events occurring during assigned regimens are shown in Table 9.
Such events occurred in 151 of the 389 subjects, the rate in the active treatment group
being 31 per 100 (59 of 193). This was about two-thirds that of those receiving placebo,
which was 46.9 per 100 (92 of 196). There was no difference in the incidence of ‘‘athero-
sclerotic’’ events, all of the observed difference in endpoints being accounted for by reduc-
tion in ‘‘hypertensive’’ endpoints in the group receiving active antihypertensive agents.
So-called hypertensive endpoints occurred at more than double the rate of atherosclerotic
ones in the placebo group, with ECG and x-ray indicators of increased myocardial
afterload (minor endpoints) accounting for nearly all the recorded events. Hypervoltage
and left ventricular hypertrophy occurred most commonly, together with increased heart
size on X-ray. As with myocardial infarction, angina pectoris, abnormal exercise ECGs,
and other ECGs, abnormalities ascribable to coronary disease occurred with equal fre-
quency in the treatment groups.

Table 8 Major Morbid Events

Active Placebo

Myocardial infarction
Fatal 1 1
Nonfatal 6 5

Sudden death 1 1
Stroke 0 2

Total 8 9
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Table 9 First Morbid Events While on Assigned Regimen

Active Placebo

n % n %

Total patients on regimen 193 196
Total patients with morbid events 59 30.6 92 46.9
Hypertensive 28 14.5 64 32.6

CVA 0 2
Hypervoltage 8 4.1 23 12.2
Left ventricular hypertrophy 9 4.7 21 10.7
Cardiomegaly 11 5.7 15 7.7
Retinopathy 0 3

Atherosclerotic 31 16.1 28 14.3
Myocardial infarction 5 6
Death 1 1
Other CHD 24 12.4 21 10.7
CVD-TIA 0 0
Arterial insufficiency 1 0

Treatment failures 0 12 6.1
Asymptomatic 0 7
Symptomatic 0 5

Abbreviations: CVA, cerebral hemorrhage; CHD, coronary heart disease; CVD, cerebral thrombosis; TIA, tran-
sient ischemic attack.

On the other hand, treatment failures without complications, that is, a progressive
rise in blood pressure with or without symptoms, occurred exclusively in the group not
receiving active antihypertensive agents. If these cases are added to the total of all other
events, the event rate in the placebo group becomes 53%, which when compared to 30.6%
in the active treatment group, yields an overall effectiveness (difference in percent inci-
dence of complications between control and treatment groups divided by the percent inci-
dence in the control group) of pressure lowering in preventing events of 48%. The effec-
tiveness for ‘‘hypertensive’’ events alone is 56% and, when prevention of treatment failure
is included, rises to more than 62%.

By design, the protocol allowed continued double-blind follow-up of subjects with-
out change of regimen after sustaining any endpoint except stroke. Thus, most subjects
were at continued risk for additional events. Others were followed up on known medica-
tions. During this continued follow-up, an additional 104 events occurred, resulting in a
total of 255 events in 166 subjects. The distribution of these events by type and between
the treatment groups was essentially the same as for first events on coded therapy. Six
additional strokes (five in the placebo group) and four additional deaths occurred (Table
10).

C. Drug Adverse Effects

Based on an incidence of less than 10% of adverse drug reactions or intolerance leading
to termination of therapy, it was concluded that the risk attributable to the therapy itself
was minimal and acceptable. This conclusion was supported by the absence of a differen-
tial dropout rate between the active and placebo-treated groups.
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Table 10 All Morbid Events Whether on Assigned or Known Drugs

Active Placebo

Rate/ Rate/
n 100 pts. % n 100 pts. %

Total patients 193 196
Total events 95 49.2 100.0 160 81.6 100.0
Hypertensive 46 23.8 48.4 104 53.1 65.0

CVA 1* 6 3.1
Hypervoltage 12 6.2 27 13.8
Left ventricular hypertrophy 14 7.3 34 17.3
Cardiomegaly 16 8.3 24 12.2
Retinopathy 2 9 4.6
Renal insufficiency 1 2
Congestive heart failure 0 2

Atherosclerotic 49 25.4 51.6 56 28.6 35.0
Myocardial infarction 13 6.7 15 7.6
Death 2 5
Other CHD 32 16.6 35 17.8
CVD-TIA 0 0
Arterial insufficiency 2 1

Treatment failures 0 24 12.2
Asymptomatic 0 11
Symptomatic 0 13

* X2 � 2.265; P � 0.13.
Abbreviations: CVA, cerebral hemorrhage; CHD, coronary heart disease; CVD, cerebral thrombosis; TIA, tran-
sient ischemic attack.

The overall incidence of adverse effects, based on serial side effects queries during
the first one to five years (average follow-up, 33 months), was 42.7% in the active group
and 22.3% in the placebo group. The dominant complaint was nasal congestion, with
20.5% in the active group and 11.1% in the placebo controls. No cases of mental depres-
sion were recognized. This favorable tolerance of the drug therapy occurred despite di-
uretic and rauwolfia dosages that were twice those currently recommended.

VII. SIGNIFICANCE OF THE STUDY

In subjects with mild hypertension without discernible target organ damage and with no
other predisposing disorders, whose blood pressures were well controlled with antihyper-
tensive agents, there was no reduction in fatal or nonfatal coronary heart disease when
compared with placebo-treated controls over a period of nearly 2000 man-years of obser-
vation. Indeed, myocardial infarction occurred with equal frequency in the treated and
controls whether only first events or all such events were considered.

On the other hand, active therapy was more than 50% effective in preventing the
development of ECG evidence of left ventricular hypertrophy and radiographic cardiac
enlargement. Although the numbers were too small (1 versus 6) to speak about rates with
any confidence, the calculated rate of stroke in the placebo group of 36.4/10,000/year
when compared with the 24.8/10,000/year in the National Pooling Project, is at least what
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might have been expected. Moreover, the difference, although having a 0.13 (X2 2.26)
probability of occurring on a chance basis, cannot be dismissed as unimportant. It should
also be emphasized that treatment failure occurred exclusively in the placebo-treated group.

When these results were reported in 1977, their proper interpretation, particularly
the failure to favorably impact the incidence of coronary heart disease events, was anything
but clear. Was the premise incorrect that blood pressure-related risks for coronary heart
disease were preventable? Or was the failure to demonstrate such an effect merely the
result of too small a population followed up for too short a time, given its initial low-risk
status? It was pointed out that although the control population had a much more favorable
survival experience than projected (an observation noted in many subsequent studies), the
expected number of major coronary events and strokes had occurred.

The investigators concluded that data from additional well-controlled trials were
essential, and new trials should plan for much larger numbers of subjects followed up for
longer periods. They cautiously suggested that, in view of the observed low total death
rates in the control population in whom deaths due to cardiovascular complications did
not exceed that expected in the general population, it was appropriate to consider deferral
of drug therapy in such closely followed patients until signs of target organ damage or a
progressive rise in blood pressure occurred.

Although it did not provide a definitive or comprehensive answer to the question it
was designed to address, the PHS trial served to further define the dilemma, which would
be the primary focus of clinical research and remained controversial among investigators
in the field of hypertension over the ensuing decade.

World-wide appreciation of this dilemma had arisen somewhat independently and
almost simultaneously by 1972 when seven groups in the United States, Australia, and
Europe initiated therapeutic trials or feasibility studies in mild hypertension, all driven by
the question of ‘‘to treat or not to treat?’’

The cardiovascular unit of the World Health Organization and the International Soci-
ety of Hypertension took the lead in establishing a program of information exchange and
discussion among the studies, in the hope that certain uniformity of design and methods
would strengthen conclusions. Together they convened the initial gathering of lead investi-
gators in Madrid in March 1975. Dr. Ralph Reader, one of the investigators and President
of the National Heart Foundation of Australia, served for many years as chairman of the
liaison committee responsible for implementing the program, providing periodic reports
of progress and interpretation of results. These studies were reported as work in progress
at a conference entitled ‘‘Mild Hypertension: To Treat Or Not To Treat, sponsored by
the New York Academy of Sciences in March 1978 (17).

The contributions of the Veterans Administration Trials, the Hypertension Detection
and Follow-Up Program, the Australia Mild Hypertension Study, and the British Medical
Research Council Trial, which were major contributors to resolution of the dilemma of
mild hypertension, appear in subsequent chapters of this text.

Looked at in retrospect, it is clear that the results of the Public Health Service Hospi-
tals Trial in Mild Hypertension were predictive of both the later definitive demonstrations
of the benefits of treating mild hypertension and of the difficulties to be surmounted to do
so. Subsequent studies all powerfully confirmed the preventability of the cerebrovascular
complications of mild hypertension, as well as the prevention and reversibility of left
ventricular hypertrophy, and demonstrated the reduction of total and cardiovascular mor-
tality as well. Perhaps uniquely, and certainly underemphasized in ensuing years, was the
clear demonstration in the Public Health Service study, that progression of mild hyperten-
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sion to levels of higher risk is preventable by antihypertensive therapy that is safe and
well tolerated.

Ultimately, and to a lesser degree than for stroke and congestive heart failure, the
Hypertension Detection and Follow-Up Program demonstrated a reduction in both fatal
and nonfatal myocardial infarction as well as in the incidence of angina pectoris. These
findings have subsequently been demonstrated by studies in older populations with mild
hypertension or isolated systolic hypertension.

PARTICIPANTS IN THE PHS COOPERATIVE STUDY

Principal Investigators, PHS Hospitals

Baltimore: J. Richard Warbasse, M.D., Richard J. Bouchard, M.D.
Boston: Richard H. Thurm, M.D.
New Orleans: Christfried Urner, M.D.
San Francisco: John A. Vaillancourt, M.D., Jeffrey M. Newman, M.D., M.P.H.
Seattle: Willard P. Johnson, M.D., Robert Wills, M.D.
Staten Island: Anthony N. Damato, M.D.
Coordinating Center (San Francisco): W. McFate Smith, M.D. (Director), Stanley

Edlavitch, Ph.D., W. Mark Krushat, M.P.H.
Statistical Unit (Silver Springs, MD): Louis Bromer (Director), Julie Wagner, Lyla

Rosloff, Annie Brown, Steven Schwab, Dr. Jerome Cornfield (Consultant)
Advisory Committee: Thomas R. Dawber, M.D., Walter M. Kirkendall, M.D., John

R. McDonough, M.D., M.P.H. Mitchell Perry, M.D., Warren Winkelstein, M.D.
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The Hypertension Detection
and Follow-Up Program

BARRY R. DAVIS and CHARLES E. FORD

The University of Texas–Houston School of Public Health, Houston, Texas

I. INTRODUCTION

In 1972, the National Heart, Lung, and Blood Institute (NHLBI, then known as the Na-
tional Heart and Lung Institute) launched two major efforts to address the public health
problem of high blood pressure (BP). One, the National High Blood Pressure Education
Program, was established to inform the public and health care professionals about the
known facts of high BP and its treatment to stimulate more awareness and aggressive
treatment of the disease (1). The other effort, the Hypertension Detection and Follow-Up
Program (HDFP), was a large-scale clinical study initiated to gain more facts and to resolve
several unanswered questions about the treatment of high BP (2, 3). The National High
Blood Pressure Education Program is still with us today; the HDFP has receded into the
history of hypertension research. This chapter on the HDFP may remind older readers of
the major contributions from the HDFP and help their younger colleagues appreciate the
role HDFP played in establishing high BP treatment goals and imperatives that are ac-
cepted today as standards of care.

Our purpose is not to restate all the HDFP findings with regard to outcomes and
subgroups. Numerous publications present these findings in detail (4–17). Rather, our
purpose herein is to highlight some of the major findings and to present some new results
with regard to combined outcomes and key subgroups. Specifically, we will focus on the
overall group, the major subgroup of the lowest entry diastolic blood pressure (DBP)
stratum (90 to 104 mm Hg, designated DBP stratum I), and the low risk DBP subgroup—
those individuals with an entry DBP of 90 to 94 mm Hg who at entry were untreated and
free of major end-organ damage.

27
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II. PRIOR HYPOTHESIS AND WHY THE TRIAL WAS DONE

Since the late 1940s, epidemiologic and actuarial studies had sought to identify risk factors
for cardiovascular morbidity and mortality (18–26). By the early 1960s, these studies had
identified elevated BP as an important risk factor (26–30), and their findings led to the
initiation of a placebo-controlled, randomized clinical trial by the United States Veterans
Administration (VA) Cooperative Study Group on Antihypertensive Agents (31). The VA
study is the focus of the first chapter of this book, which highlights its importance. The
VA Study Group published the results of their trial in 1967, 1970, and 1971 (31–33).
They demonstrated a significant benefit in reduction of morbidity and mortality from treat-
ing middle-aged, male hypertensive patients with an entry DBP of 115 to 129 mm Hg.
Reductions in morbidity and mortality were also achieved in those subjects in the two
DBP strata of 90 to 104 mm Hg and 105 to 114 mm Hg. However, in only the latter
group were results statistically significant (32). In addition, the reduction in rate of major
coronary events in the treated group as compared with the placebo group was not statisti-
cally significant. Although the trend was favorable, the sample size provided insufficient
power to detect a difference in this lowest DBP stratum. This study among male veterans
left unanswered the question of efficacy of antihypertensive treatment of women.

By the early 1970s, several sets of data from United States population surveys had
found hypertension to be one of the most prevalent chronic diseases for which treatment
was available and had indicated that about 85% of individuals with high BP were unde-
tected, untreated, or inadequately controlled (34–39). The VA study, which had involved
highly selected patients, left unanswered several questions:

1. Could hypertensives in an entire community be identified, brought under mod-
ern pharmacologic management, and kept under such management?

2. Would intervention of hypertension identified in the population of the commu-
nity at large reduce the occurrence of associated disease and death?

3. Would therapeutic efficacy exceed toxicity in the mild hypertensive and justify
long-term treatment?

4. Would pharmacologic control of elevated BP be effective in young adults and
women?

5. Would the occurrence of myocardial infarction and coronary death be decreased
by antihypertensive therapy?

Because of these major questions, the NHLBI appointed a special panel in October
1970 to assess the need for additional trials on control of hypertension. This panel recom-
mended, ‘‘The first priority need is to determine the effectiveness of antihypertensive
therapy in reducing morbidity and mortality from hypertension in the general population.
Such studies should include both sexes, all races in a community, and preferably younger
(adults) as well as middle age ranges. Such a study would not have a placebo group but
could allow randomization of subjects for comparison of optimum drug regimens versus
the customary medical care in the community.’’ Acting on these recommendations, the
NHLBI began planning for a multicenter, prospective, cooperative study of hypertension
detection and therapy in community settings.

The HDFP was a national, multicenter, randomized, 5-year clinical trial of the effec-
tiveness of antihypertensive therapy in reducing all-cause mortality in hypertensive partici-
pants screened from the general population. The study was funded under contract by the
NHLBI. Participant recruitment for the trial began in February 1973 and was completed
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in May 1974 (40). Therapeutic intervention ended in June 1979. The 5-year findings of
the HDFP were first reported in December 1979 shortly after the close of the trial (4, 5).
Post-trial surveys of mortality, BP, and therapeutic status were continued through May
1982, when follow-up of participants terminated (17).

III. OBJECTIVES AND QUESTIONS DESIGNED TO ANSWER
IN CONTEXT OF TIME

The primary objective of the HDFP was to determine whether systematic antihypertensive
drug treatment of persons with high BP would result in a significant reduction in mortality
from all causes over a 5-year period. To accomplish this, a projected total of 10,500
hypertensive participants were to be recruited into the clinical trial. Half the participants
were to be randomly assigned to Stepped Care (SC) and half to Referred Care (RC). The
SC group was offered antihypertensive therapy in special centers. Therapy was increased
stepwise to achieve and maintain reduction of BP to or below set normotensive goals.
The RC group was referred for treatment to usual sources of care, with special referral
efforts for those with more severe hypertension or pre-existing organ system damage.

The secondary objectives of the HDFP were to determine (a) whether SC treatment
would reduce the occurrence of cardiovascular causes of death, fatal and nonfatal stroke,
electrocardiographic (ECG) abnormalities, in particular, new evidence of myocardial in-
farction (MI) and left ventricular hypertrophy (LVH), and other historical evidence of
coronary heart disease; (b) possible adverse effects of antihypertensive medication in the
SC program; (c) whether hypertensive participants, detected in a community screening
program, could be brought under pharmacologic management and kept under such man-
agement long-term; and (d) whether pharmacologic control of elevated BP would be as
effective in young adults and women, as had been demonstrated in the VA trials for
middle-aged, white, and black males.

IV. PROTOCOL SUMMARY

The HDFP was planned as a multicenter clinical trial because of the need for several
thousand participants. The study participants were randomized into two groups: SC or
RC. A placebo assignment was considered ethically inappropriate in view of the VA Coop-
erative Study results.

Populations selected for the study were drawn from general population subgroups
of the United States and included various age, race, sex, and socioeconomic strata. These
populations were community based, and there was as complete a case finding of hyperten-
sives as possible. Only terminally ill and institutionalized persons were excluded, and the
selected population included adults from 30 to 69 years of age with an average home
screening DBP of 95 mm Hg or above and a confirmed follow-up average DBP of 90
mm Hg or above (Table 1). There were no systolic BP entry criteria and no upper limits
of BP.

The study required the periodic observation of all participants to assure their well
being, accomplished in such a way as to minimize trial influence on those receiving RC.
Data from all centers were pooled for analysis and, thus, had to be gathered uniformly
and according to standardized protocols. The data were centrally processed, and there was
an overall coordinating center for the operations.



30 Davis and Ford

Table 1 HDFP Inclusion and Exclusion
Criteria

Inclusion Criteria
1. Men and women aged 30–69 years
2. Average home screening DBP � 95 mm Hg
3. Confirmed follow-up DBP � 90 mm Hg
Exclusion Criteria
1. Terminally ill patients
2. Institutionalized patients

The trial used a method of organization similar to that recommended by a committee
of the National Advisory Heart Council (Fig. 1). Clinical centers in 14 communities in
the United States were selected by competitive contract review to participate in the study.
They were located at Atlanta, Georgia; Baltimore, Maryland; Birmingham, Alabama; Chi-
cago, Illinois; Davis, California; Boston, Massachusetts; East Lansing, Michigan; Evans
County, Georgia; Jackson, Mississippi; Los Angeles, California; Minneapolis, Minnesota;
New York, New York; and Salt Lake City, Utah (Fig. 2). Also selected were a central
laboratory (Chicago) for standardized determinations of participant biochemical values,
an ECG center (Minneapolis) for standardized ECG interpretations, and a coordinating
center (Houston) for (a) data collection; (b) monitoring and analysis; (c) standardization,
staff training, and regulation of study protocol; and (d) overall project coordination. A
steering committee composed of the principal investigators from each of the 14 clinical
centers, the coordinating center, the biochemical laboratory center, and the ECG center,
and an NHLBI staff representative directed the trial, meeting frequently. The coordinating
center staff, in consultation with the officers of the steering committee and the NHLBI
staff, monitored and supervised the day-to-day problems and progress of the study. A
policy advisory board, composed of senior biomedical scientists not participating in the

Fig. 1 Hypertension Detection and Follow-Up Program organization chart.
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Fig. 2 Hypertension Detection and Follow-Up Program clinical sites and support centers.

program as investigators, acted in an advisory capacity on policy matters throughout the
study. A toxicity and endpoints evaluation committee, reporting to the policy advisory
board, monitored the trial throughout its course for drug toxicity and for any other unantici-
pated harm or risk to program participants.

Stepped Care participants were seen several times per year by the HDFP clinical
staffs, whereas RC participants were seen only once a year. Therefore, a potential bias in
ascertainment of nonfatal clinical outcomes and the determination of cause-specific mor-
tality between the SC and RC groups could not be ruled out. All-cause mortality was
selected as the primary endpoint, and every effort was made to ascertain the living status
of each participant during the 5-year follow-up period. Because trial intake was staggered
over 16 months, some SC participants were followed up for as long as 6.3 years, when
trial follow-up was terminated on a common date. However, because comparable survival
data were not available for the RC group beyond five years, mortality analysis was re-
stricted to five years. A post-trial surveillance (PTS) study, conducted after the conclusion
of the trial, extended the mortality follow-up of all participants to 8.3 years (17).

A. Participant Enumeration, Screening, and Recruitment

Each clinical center defined a population base for enumeration and screening of potential
participants (41, 42). Thirteen of the 14 centers identified target populations on the basis
of residential areas (census tracts, probability samples of larger areas, or entire housing
projects); one center used employment rolls of industries. The purpose of the census enu-
meration was to prepare a roster of all household members and to identify those between
the ages of 30 and 69. Home screening of those ages 30 to 69, which included a health
status and health care interview plus BP measurements, then followed in the 13 communi-
ties and at the work site in the remaining center. Interviewers were trained to conduct
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these tasks in a standardized manner. The interview included education and employment
status, basic demographic information, information on history of hypertension and its treat-
ment, smoking history, history of heart attack, stroke, and diabetes, information on health
beliefs, and status of current health care.

Blood pressures were measured with a standard mercury sphygmomanometer and
an appropriate size cuff, with the participant seated and at rest for five minutes. Systolic
BP was designated by the first phase Korotkoff sound and DBP was designated as the
fifth phase Korotkoff sound (disappearance). To reduce the impact of regression toward
the mean, two approaches were used. First, a higher DBP value was chosen for the first
screen than for the final entrance criterion for the study. Second, each potential participant
had his BP measured three times at each visit so that an average reading could be used
to reduce biological variation. If, at the first screen, the average diastolic pressure of the
second and third readings was 95 mm Hg or higher, the individual was invited to attend
a clinic within a few days, if possible, for a second BP screen. This criterion was used
regardless of current antihypertensive treatment status. A major effort was made to screen
all enumerated age-eligible persons, and an overall success rate of 89% was obtained
(40).

A second-stage screen was obtained in the clinic by taking four BP readings, again
in the sitting position. The first and third readings were made with the standard mercury
sphygmomanometer, and the second and fourth readings were obtained with the Hawksley
‘‘Random-Zero’’ manometer (Hawksley and Sons Limited, Sussex, England), a device
that conceals the true zero point on the scale until after the measurement has been taken
(43). The device was adopted to minimize observer biases. If the mean fifth phase DBP
based on the second and fourth readings was 90 mm Hg or more, the individual was
considered hypertensive for the purpose of the trial and randomized to the SC or RC
group. A sealed randomization envelope was drawn sequentially and attached to the partic-
ipant’s data form. This sealed envelope contained the assignment of the participant to
either the SC or RC group and remained sealed until after baseline examinations were
completed.

All hypertensive participants underwent clinical evaluation at the second screen (first
baseline clinic visit) as part of the baseline examination. At this visit, health history infor-
mation, blood and urine analyses, an ECG, and a chest X-ray were obtained. A second
baseline clinic visit was scheduled within a week or two, when repeat blood and urine
specimens were collected, BP was measured, and a physical examination was adminis-
tered. The randomization envelope was opened at this time, and the participant and clinic
staff were informed of the random allocation.

The process of random allocation of confirmed hypertensive participants between
SC and RC was directed and implemented by the coordinating center. Randomization was
stratified by center and by three entry DBP strata: 90 to 104 mm Hg, 105 to 114 mm Hg,
and 115 mm Hg or higher.

B. Therapeutic Regimen

Stepped Care participants were invited to participate in special HDFP clinics where antihy-
pertensive care, medications, and laboratory tests were provided free of charge. Measures
were undertaken to ensure maximum clinic attendance and medication adherence. These
included short waiting times, conveniently scheduled appointments, provision of transpor-
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tation services if needed, and a program physician availability at all times for hypertension-
related problems.

Antihypertensive drug treatment was administered according to a standardized pro-
tocol. Participants with an entry DBP of 100 mm Hg or more or who were already on
antihypertensive medication were assigned a goal pressure of 90 mm Hg or less, whereas
those whose entry DBP ranged from 90 to 99 mm Hg were to achieve at least a 10 mm
Hg reduction. This ‘‘goal blood pressure’’ was considered a minimum level of BP to be
achieved rather than an optimal goal. It was to be achieved by prescribing antihypertensive
drugs in a standardized, stepwise fashion. The therapy steps were as described below.

Step 0. No HDFP-prescribed medication.
Step 1. Chlorthalidone (25 to 100 mg/day). Triamterene (50 to 300 mg/day) or

spironolactone (25 to 100 mg/day) could be prescribed as supplementary or alternative
medication if indicated. If the goal was not reached, maximum durations were 4 weeks
per dosage level and 12 weeks total for step 1.

Step 2. Addition of reserpine (0.1 to 0.25 mg/day). If reserpine was contraindi-
cated, methyldopa (500 to 2,000 mg/day) could be substituted. If the goal was not reached,
maximum durations were 4 weeks per dosage level and 12 weeks for step 2.

Step 3. Addition of hydralazine (30 to 200 mg/day). If the goal was not reached,
maximum durations were 4 weeks per dosage level and 16 weeks maximum for step 3.

Step 4. Addition of guanethidine (10 to 200 mg/day). Reserpine, hydralazine, or
both could be deleted at this step.

Step 5. Additional drugs (added only after step 4 failure). Duration was determined
by a clinic physician.

Only drugs approved by the Food and Drug Administration were prescribed at steps
1 to 5. During the course of the trial, other newly approved FDA drugs were available
for step 5 use, such as propranolol.

Stepped Care participants proceeded through these steps in accordance with their
BP response. The aim was to bring each participant’s pressure to goal as rapidly and safely
as feasible with as little drug as possible. Exceptions to this basic plan were provided on
the basis of history (e.g., depression) or specific adverse reactions. Most patients were not
advanced beyond 50 mg of chlorthalidone because of a recognition of a lack of additional
antihypertensive effect.

C. Follow-Up

Stepped Care participants were seen at intervals determined by their clinic status, but at
least every four months and generally every two months. All SC and RC participants were
seen at home at years 1, 2, 4, and 5 for a health history and BP measurements and at the
clinic at years 2 and 5 for an examination similar to that at entry to the study. At each
contact, any RC participant with DBP still 90 mm Hg or higher was advised to visit a
physician. If severe hypertension (DBP 115 mm Hg or higher) or major organ system
damage was present, special steps were taken to achieve contact with a physician.

An ECG [Minnesota Code (44)], standardized chest X-ray examination for heart
size (45), and serum creatinine were obtained at years 0, 2, and 5 on each examined
participant as objective measurements of end-organ damage and unbiased assessments of
nonfatal secondary endpoints. Automatically timed, three-channel, 12-lead ECGs were
obtained using machines that met the recording characteristic standards of the American
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Heart Association Committee on Standards for Electrocardiographs. All ECGs were read
at an ECG center by trained technicians using a modification of the 1973 Coronary Drug
Project (46) revision of the Minnesota Code for Testing ECGs (44). Electrocardiograms
were masked as to randomization group.

D. Ascertainment of Endpoints

Mortality. As previously noted, the primary endpoint of the HDFP trial was all-cause
mortality. Thus, extensive efforts were made to ascertain the vital status of all participants
at regular frequent intervals throughout the study. A special pilot project was carried out
early in the trial on methodological approaches to accomplish this task (47). Determination
of vital status was based first on surveillance of SC participants in regard to their clinic
attendance and in accordance with their schedules of frequent appointments, and for RC
participants in relation to planned annual contacts. Any person lost to follow-up was vigor-
ously pursued to encourage continued participation or at least to determine vital status
annually. Annual surveillance of death certificates was also carried out by each of the 14
clinics through local and state health departments and state offices of vital statistics. Death
certificates were collected for all decedents, along with related autopsy reports and hospital
records when available. The vital status of 99.5% of HDFP participants was known at the
end of the trial in 1979. In 1982, as part of a posttrial surveillance study, a search for
persons whose vital status was still unknown was conducted through the Social Security
Administration and the newly established National Death Index (48). It was thus deter-
mined that three deaths not previously reported had occurred within the five years of
randomization into the trial, one in the SC group and two in the RC group. These three
deaths are included in the mortality analyses in this article.

Stroke. The total number of stroke cases ascertained during the 5-year follow-up
included fatal and nonfatal strokes occurring in the SC and RC groups. Fatal strokes were
identified by a nosologist using only information available from the death certificates.
Death certificates assigned Eighth Revision International Classification of Diseases
(ICDA) (49) codes 430 to 438 were counted as fatal strokes.

Nonfatal strokes were identified by means of a stroke questionnaire administered
during the final clinic evaluation to all SC and RC participants who had survived for five
years after randomization (7). The study investigators recognized two possibly serious
sources of bias that might interfere with the clinical ascertainment of nonfatal stroke. One
source of bias was the fact that physicians from the 14 clinical centers were not equally
trained in neurology, and there might be variation in the diagnosis of stroke. A second
potential bias existed because of the study design itself. Because SC participants were
seen in the clinics far more frequently than RC participants, the chances of detecting either
historical or neurological evidence of stroke were enhanced in the SC population. Hence,
a stroke questionnaire was developed as an objective method for ascertainment of nonfatal
stroke. The administration of this questionnaire by trained interviewers at the end of year
5 reduced the likelihood of these two potential sources of bias. The completed question-
naires were reviewed and evaluated by a board-certified neurologist, blinded as to random-
ization-assignment of the participants.

Questionnaire findings were classified as positive by the neurologist if the episode of
focal neurological deficit was a clearly described event, referable to one of the recognized
territories supplied by the major cerebral vessels, with sudden or rapid onset and lasting
more than 24 hours. Further division of strokes into subterritories of the vessels or into
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hemorrhagic versus occlusive types was not feasible based on the questionnaire informa-
tion.

Fatal coronary heart disease (CHD). Death certificates assigned ICDA 410 to 414
were counted as fatal CHD events.

Nonfatal MI. Unless otherwise specified, the incidence of nonfatal myocardial in-
farction is defined as either (a) serial ECG changes, (b) history of MI, or (c) Rose Question-
naire MI (50). A detailed report of these findings can be found elsewhere (8).

Electrocardiographic LVH. Electrocardiographic evidence of LVH was based on
voltage and repolarization changes seen in limb and chest leads of a standard 12-lead
ECG using Minnesota Code (44) criteria. An incident case was required to be free of
LVH at baseline (11).

Angina pectoris (AP). Data provided by the Rose Questionnaire at baseline and
during subsequent interviews at the end of years two and five were used to estimate 5-year
incidence of AP among those participants who had a negative history of AP at baseline (8).

Renal insufficiency. The diagnosis of renal insufficiency was based on serum creati-
nine change from baseline to year 5. Renal insufficiency was defined as a fifth-year serum
creatinine value of 2.0 mg/dl or more and at least 25% greater than the baseline value
(12).

Electrocardiographic ischemia. Electrocardiographic evidence of myocardial isch-
emia was based on criteria used in the Whitehall study (51, 52). An incident case had to
be free of such ECG ischemia at baseline.

E. Combined Endpoints

5-year fatal and nonfatal outcomes were used to define three classes of combined end-
points:

1. Combined total endpoints: Death, nonfatal stroke, nonfatal MI (including Rose
Questionnaire MI), ECG LVH, angina, ECG ischemia, or renal insufficiency

2. Combined major trial endpoints: Death, nonfatal stroke, nonfatal MI, ECG
LVH, or renal insufficiency

3. Combined cardiac endpoints: Fatal CHD, nonfatal MI (ECG criteria or history),
or ECG LVH

F. Baseline End-Organ Damage

The definition of end-organ damage at entry included the presence of any of the following
at the baseline examination: ECG LVH, a history or ECG evidence of MI, a history or
clinical evidence of stroke, a history of intermittent claudication, and a serum creatinine
greater than 1.7 mg/dl (�150 µmol/L) (7).

G. Sample Size

A sample size of 10,500 participants was estimated for the HDFP. This number was based
on the following assumptions:

1. The primary endpoint would be all-cause mortality.
2. Based on the U.S. Pooling Project and United States population mortality data,

5-year mortality in the RC group would be 96/1000.
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3. The expected reduction in mortality for the SC group would be 40% for those
adhering to therapy and remaining in the SC program for 5 years.

4. Over the 5 years of follow-up, 50% of the SC group would drop out of the
program in the following pattern: 25% in the first year, 10% in the second year,
and 5% in each of the last 3 years.

5. After allowing for overall SC dropout plus nonadherence to prescribed therapy,
the anticipated net reduction in total mortality rate for the entire SC group was
17.7%.

6. A two-tailed significance level (alpha) of 0.05 and a power of 0.90 would be
used.

These assumptions and estimations yielded a sample size of 10,500 hypertensives,
aged 30 to 69, 5250 to be randomized to SC and 5250 to RC. Actually, 10,940 participants
(5,485 in SC and 5,455 in RC) were enrolled in the program after screening 159,468
individuals.

H. Statistical Methods

Standard life table methods (53) were used to compute the cumulative, all-cause mortality
rates for the three intervals of trial and posttrial follow-up reported herein. Specifically,
the estimated cumulative proportion dying was computed as one minus the cumulative
proportion surviving, using the Cutler-Ederer estimator for the probability of surviving
successive 4-month intervals (54). Although it did not take into account exact survival
time, the Cutler-Ederer estimator assumes that on average, participants lost or ‘‘withdrawn
alive’’ survive half the interval in which they withdraw. Participants were considered as
‘‘withdrawn alive’’ if they were known to be living on or after the date for which they
were last scheduled for contact and if their duration of follow-up was less than that of
the life table. Participants whose living status could not be determined after some point
in time (within the period covered by the life table) were considered lost to follow-up as
of the next successive interval. In the life table analyses of trial mortality, the start of
treatment was defined as the date of randomization. For living participants, the respective
fifth anniversary of a participant’s entry into the trial defined the end of 5-year follow-
up. In the 6.7-year life table analysis, the end of trial follow-up was defined as November
30, 1979. In the 8.3-year life table analysis, the date of randomization and the end of the
PTS study follow-up were used to demarcate the period of follow-up. The end of PTS
study follow-up was defined as the date the participant was last scheduled for contact,
that is, home visitation or contact by mail or telephone.

The life table analysis for the full trial period was truncated after 80 months (6.7
years). Only 427 SC and 403 RC participants had any trial follow-up experience beyond
80 months and were withdrawn alive in the next 4-month interval.

Follow-up during the PTS was from 18 to 30 months, but less than one-third of the
population was followed up for more than 24 months, and the majority of these participants
were withdrawn alive in the 25th and 26th months. To avoid giving too much weight (or
too little) to deaths among this declining subset of the PTS study population, the life table
was truncated after 100 months (8.3 years; 24 months of PTS study follow-up).

The stroke and combined endpoints analyses were restricted to 5-year trial follow-
up because only data on mortality were collected beyond the fifth year of follow-up. A
participant who had one or more of the included fatal or nonfatal events during the five
years of HDFP follow-up was counted only once as having had a stroke or combined trial
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endpoint. The time of occurrence for events, other than death, was not generally known.
However, all surviving participants had a minimum of five years of follow-up, and 5-year
incidence rates, in general, were used in the stroke and combined endpoint analysis.

The 5-year incidence rates of stroke and combined trial endpoints were adjusted by
the direct method for distributional differences between the SC and RC cohorts in age,
race, and sex using the standard population of the combined SC and RC groups. In compar-
isons of the two randomized groups (SC and RC), the relative difference in the occurrence
of an event was calculated by the formula:

RC � SC
RC

� 100 (1)

which is the percent reduction in risk. Differences in incidence rates between the SC and
RC groups were tested for statistical significance by using standard normal (two-sided)
tables. No adjustment for multiple comparisons was done.

The denominators used in the computation of incidence rates are the total cohort at
risk at baseline, including those who had incomplete ascertainment of endpoints during
the follow-up period. The observed differences in incidence rates between SC and RC,
therefore, may be biased, that is, true RC rates may be underestimated to a greater extent
than SC rates because of the larger number of RC individuals with incomplete information.
If both groups had similar amounts of missing information, the absolute and relative differ-
ences between the two treatment groups would be greater.

V. RESULTS

A. Population Screening

Defined populations in 14 communities of varied composition across the United States
were enumerated and screened by HDFP from February 1973 through May 1974. From
a base population of 442,056 residents of households and employees, the HDFP clinical
center staffs identified and enumerated 178,009 men and women aged 30 to 69. Of these,
89% (159, 566) completed the first screen (Fig. 3). Based on the last two of three BP
readings, 22,994 (14.5%) had a mean fifth phase DBP of 95 mm Hg or higher and were
invited to the HDFP centers for a second screening. Although some individuals declined
this invitation to a clinic visit, the majority, 17,499 (76.1%), underwent rescreening. Of
these, 11,386 (65.1%) were found to have a mean DBP of 90 mm Hg or above (average
of two random zero readings), were designated hypertensive, and were assigned random-
ization envelopes. However, a systematic violation of the randomization procedure that
occurred at one center toward the end of the intake period forced the elimination from
analyses of all data on 446 randomized participants. These individuals were all randomized
after a specific date, and other than reducing the HDFP sample, they did not affect the
validity of the randomization procedure. They continued to have follow-up in the local
center, but their data were not pooled with those of the remaining 10,940 properly random-
ized participants.

The great majority of the 10,940 trial participants (71.5%), as expected (26–30),
were in DBP stratum I (90 to 104 mm Hg) (Fig. 3); 18.8% were in stratum II (105 to
114 mm Hg), and 9.7% were in stratum III (115 mm Hg or greater). Stratum III included
140 participants with DBP greater than 129 mm Hg and 124 participants with SBP greater
than 219 mm Hg. Another 71 participants with SBP greater than 219 mm Hg were random-
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Fig. 3 Number of persons enumerated, screened, and randomized by Hypertension Detection and
Follow-Up Program.

ized into strata I and II. Trial participants were followed for 5-year mortality experience,
as originally planned.

B. Baseline Comparability of SC and RC Groups

Data on comparability at entry of SC and RC groups overall, for DBP stratum I, and for
the low-risk subgroup are shown in Table 2 for a set of variables of potential prognostic
import. Overall, differences between the SC and RC for these and other variables were
small, indicating the effectiveness of the randomization procedure. This comparability of
the RC and SC groups was also true for DBP strata II and III, and for age, race, sex, and
other DBP end-organ damage subgroups (55, 56). Compared to overall and DBP stratum
I, the low-risk subgroup had a slightly lower mean age, more whites, fewer blacks, fewer
participants with a history of diabetes or elevated fasting blood sugar, fewer with Rose
Questionnaire angina or MI, fewer with ECG ischemia, and higher levels of education
and current employment.

C. Pharmacological Treatment and DBP Response of the SC
and RC Groups

The proportion of individuals who were on antihypertensive medication throughout the
trial are displayed in Figure 4, overall and for the two highlighted subgroups. For the trial
overall and for DBP stratum I, about 25% to 26% of both the RC and SC participants
were taking antihypertensive medications at baseline. By the end of the first year, about
80% of the SC group overall and for DBP stratum I were on treatment and remained so
throughout the trial. Community treatment of RC participants also began to increase after
entry and reached about 65% overall and 60% for DBP stratum I by the trial’s end.
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Table 2 Baseline Characteristics of Stepped and Referred Care Participants

Untreated, free of
major EOD at entry

All DBP 90–104 DBP 90–94

Baseline Characteristic SC RC SC RC SC RC

Sample Size 5485 5455 3903 3922 1021 1022
Average age, years 50.8 50.8 50.7 50.7 49.5 49.3
White men, %a 34.6 34.2 38.5 37.5 44.4 41.9
Black men, % 19.4 19.9 16.9 17.3 15.6 15.9
White women, %a 21.5 21.1 23.4 23.5 23.2 25.0
Black women, % 24.5 24.9 21.2 21.7 16.8 17.2
Systolic BP, mean mm Hg 159.0 158.6 151.9 151.2 145.5 144.5
Diastolic BP, mean mm Hg 101.1 101.2 96.3 96.4 92.0 92.0
Pulse rate, mean beats/min 81.7 82.3 81.2 81.8 81.4 81.7
Serum cholesterol, mmol/Lb 6.080 6.087 6.054 6.072 6.038 6.015
Body mass index, kg/m2 28.3 28.5 28.2 28.3 27.7 28.0
Taking antihypertensive medication, % 26.3 25.7 25.5 24.7 0.0 0.0
Cigarette smoker, % 38.6 38.9 36.9 37.5 36.8 39.6
FBS � 7.771 mmol/L, %b 4.5 4.8 4.6 4.7 3.6 3.0
History of diabetes, % 6.6 7.5 6.7 7.3 4.1 5.2
Rose Questionnaire AP, % 7.5 7.2 6.9 7.0 6.0 3.9
Rose Questionnaire MI, % 5.5 5.5 5.6 5.2 3.5 4.0
ECG ischemia, % 19.3 19.1 16.2 16.2 8.0 9.8
High school graduate, % 50.3 51.3 53.3 54.7 55.1 59.2
Currently employed, % 63.6 64.4 65.3 65.9 69.7 70.7
Major end-organ damage, % 14.9 14.5 13.0 11.9 0.0 0.0
ECG MI, % 1.1 1.0 0.9 0.7
History of MI, % 5.1 5.2 4.7 4.8
Stroke, % 2.5 2.5 2.1 2.1
Major LVH, %c 4.8 5.1 3.4 3.6
Serum creatinine � 150.28 µmol/L, %b 2.9 2.5 2.4 1.9
Intermittent claudication, % 1.3 1.3 1.3 1.0

a Includes less than 1% others, e.g., Asians.
b Equivalent metric units: FBS, 7.771 mmol/L � 140 mg/dl; serum creatinine, 150.28 µmol/L � 1.7 mg/dl. The metric conversion factor for serum cholesterol is 38.66976 mg/
dl per mmol/L.
c Based on combined R wave and ST-T segment changes: tall R wave (Minnesota code 3.1) and major ST segment depression (Minnesota code 4.1–4.3) or major T wave inversion
(Minnesota code 5.1–5.3).
Abbreviations: EOD, end-organ damage; DBP, diastolic blood pressure; SC, stepped care; RC, referred care; BP, blood pressure; FBS, fasting blood sugar; AP, angina pectoris;
ECG, electrocardiogram; MI, myocardial infarction; LVH, left ventricular hypertrophy.
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Fig. 4 Percent of participants on antihypertensive medication at entry and at annual home visits.

Within the low-risk subgroup, at baseline no one in the RC or SC group was receiv-
ing antihypertensive medication. By the end of the first year, about 73% of the SC group
were on treatment and remained so throughout the trial. Community treatment of RC
participants also began to increase after entry and reached about 44% by the trial’s end.

The DBP and SBP responses of the RC and SC groups are displayed in Figure 5
overall and for the two highlighted subgroups. For the trial overall, the mean baseline
SBP/DBP was 159/101 mm Hg in both groups. The greatest decrease in BP occurred in
the first year and generally decreased slowly thereafter in both SC and RC groups. In the
SC group, BP at year 1 was 133/88 mm Hg and decreased to 130/84 mm Hg by year 5.
In the RC group, BP was 145/94 mm Hg at year 1 and 140/89 mm Hg at year 5.

Within stratum I, the mean baseline SBP/DBP was 152/96 mm Hg in both groups.
As with the overall results, the greatest decrease in BP occurred in the first year and
generally decreased slowly thereafter in both SC and RC groups. In the SC group, BP at
year 1 was 131/86 mm Hg and decreased to 129/83 mm Hg by year 5. In the RC group,
it was 142/92 mm Hg at year 1 and 138/88 mm Hg at year 5.

Within the low-risk subgroup, the mean baseline SBP/DBP was 146/92 mm Hg in
the SC group and 144/92 mm Hg in the RC group. In the SC group, BP at year 1 was
127/84 mm Hg, decreasing to 127/82 mm Hg by year 5. In the RC group, it was 138/
90 mm Hg at year 1 and 135/89 mm Hg at year 5.
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Fig. 5 Mean systolic blood pressure (SBP) and diastolic blood pressure (DBP) for stepped care
(SC) and referred care (RC) participants at entry and at annual home visits.

D. Clinic Follow-Up of SC Group

A high percentage of the SC participants remained active in the HDFP over the five years
of follow-up, as shown in Figure 6. During the trial, more than 80% of the SC participants
continued to receive medication, and more than 80% achieved blood pressure levels within
the normotensive range, at or below the HDFP diastolic goal. After 12 months of follow-
up, most of these individuals were on a drug regimen that remained constant for the rest
of the trial (57). After one year, more than 40% of the SC group were on step 1 monother-
apy with a diuretic drug, principally chlorthalidone. At entry, 26% of the SC participants
were currently on antihypertensive drugs, which is reflected by the percentages of partici-
pants initially on a regimen above step 1. The changing regimen pattern reflects both the
shift from non–HDFP-prescribed drugs to HDFP prescriptions and the stepped advance
in drug regimen in accordance with individual BP responses.

The HDFP SC participants formed one of the largest groups for which there was
detailed surveillance of long-term antihypertensive treatment and drug adverse effects.
During the 5-year follow-up, SC participants made 172,569 clinic visits to the 14 HDFP
clinical centers. At the end of trial, nearly 80% of SC participants were active in the
program. Blood pressure control to defined BP goals was a key objective of HDFP clinic
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Fig. 6 Percentage of stepped care (SC) (n � 5485) participants with clinic follow-up visits (active
SC) by month of follow-up; the percentage of ‘‘active SC’’ on specific drug steps and at or below
their goal diastolic blood pressure.

staffs, who made every effort to help participants achieve and maintain their respective
goal levels. During the course of the trial, about one-third of the active SC participants
experienced at least one possible adverse reaction to a medication that prompted the clini-
cal therapist to discontinue the use of one or more drugs; 40% of these individuals had
more than one such event (58). The incidence of adverse effects declined over the five
years. The occurrence of definite or probable adverse effects during the trial, however,
was considerably less frequent (�10%). There were few life-threatening side effects, and
no deaths could be directly attributed to drug side effects (58). Only 23 individuals were
hospitalized for suspected side effects. In 14 cases, chlorthalidone was implicated as at
least a possible cause. Thus, the HDFP confirmed the relative safety of long-term anti-
hypertensive therapy, which was one of the secondary objectives of the program (58).

E. Mortality from All Causes

Numbers of deaths and 5-year death rates for the total SC and RC groups and by entry DBP
stratum are given in Table 3. Vital status was ascertained for 99.5% of all participants. All-
cause mortality was significantly less for the total SC group compared with the RC group
(P � 0.006). For every major subgroup listed, a reduction was noted. This was evident
particularly for DBP stratum I (P � 0.007). These statistically significant differences per-
sisted after multivariate adjustment for the minor differences between SC and RC groups
in entry characteristics of potential prognostic import (59). The 5-year mortality was 17.3%
less for all SC participants compared with RC participants and 20.2% lower for SC com-
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Table 3 All-Cause Mortality

Life table death 95% Confidence Percent
rates per 1000 limits for reduction

Sample size Deaths (SE) difference in mortality
in RC and for SC

Subgroup SC RC SC RC SC RC SC rates group P value

Total 5485 5455 350 421 63.9 (3.3) 77.3 (3.6) (3.80, 23.00) 17.3 0.006
DBP stratum
90–104 mm Hg 3903 3922 232 292 59.5 (3.8) 74.6 (4.2) (4.03, 26.17) 20.2 0.007
105–114 mm Hg 1048 1004 70 78 66.9 (7.7) 77.9 (8.5) (�11.45, 33.45) 14.1 0.337
� 115 mm Hg 534 529 48 51 90.0 (12.4) 96.6 (12.8) (�28.37, 41.57) 6.8 0.711
Sex
Men 2961 2949 223 266 75.4 (4.9) 90.4 (5.3) (0.94, 29.06) 16.6 0.036
Women 2524 2506 127 155 50.4 (4.4) 61.9 (4.8) (�1.22, 24.22) 18.6 0.076
Race
White 3076 3014 168 181 54.7 (4.1) 60.2 (4.3) (�6.19, 17.19) 9.1 0.356
Black 2409 2441 182 240 75.6 (5.4) 98.4 (6.0) (6.95, 38.65) 23.2 0.005
Age
30–49 2427 2371 81 82 33.4 (3.6) 34.7 (3.8) (�8.97, 11.57) 3.7 0.804
50–59 1856 1912 116 160 62.5 (5.6) 83.8 (6.3) (4.70, 37.90) 25.4 0.012
60–69 1202 1172 153 179 127.3 (9.6) 152.8 (10.5) (�2.42, 53.42) 16.7 0.073
Baseline meds
On meds 1444 1403 132 144 91.5 (7.6) 102.7 (8.1) (�10.56, 32.96) 10.9 0.313
Not on meds 4041 4052 218 277 54.0 (3.6) 68.5 (4.0) (4.06, 24.94) 21.2 0.006
EOD status
With EOD 817 792 125 148 153.1 (12.6) 187.0 (13.9) (�2.80, 70.60) 18.1 0.070
Without EOD 4668 4663 225 273 48.3 (3.1) 58.7 (3.4) (1.27, 19.53) 17.7 0.026
No meds, without EOD
DBP 90–94 mm Hg 1021 1022 36 54 35.3 (5.8) 52.9 (7.0) (�0.19, 35.39) 33.3 0.052

Mortality from all causes for stepped care and referred care participants during 5-year follow-up, by diastolic blood pressure at entry, sex, race, age, use of antihypertensive
medication (meds) at entry, and presence of major end organ damage at entry.
Abbreviations: SC, stepped care; RC, referred care; DBP, diastolic blood pressure; Meds, medication; EOD, end-organ damage.



44 Davis and Ford

pared to RC participants of DBP stratum I. The relative mortality benefit decreased with
increasing DBP strata, reflecting the benefit RC participants in the two upper BP strata
received from drug treatment prescribed by their personal physicians (56). The reduction
was an impressive 33.3% for the low-risk subgroup, although the mortality difference was
not statistically significant (P � 0.052).

Figures 7 and 8 present the cumulative mortality curves for the HDFP SC and RC
participants at 5, 6.7, and 8.3 years of follow-up. As described in the protocol summary, the
original mortality analysis was restricted to a common 5-year follow-up of all participants
because comparable survival data were not available on the RC group beyond five years.
After the HDFP trial was completed, the PTS study was conducted to collect comparable
data on mortality for both the SC and RC participants (17). A second analysis of mortality
data on RC and SC participants extended the results to 6.7 years. The SC rates were lower
than those for RC in each year of the study and continued to show a significant difference
through 6.7 years, at which time the SC rate was 18.2% lower than RC (P � 0.001) (17).
The PTS study also provided data on mortality through 8.3 years after trial entry and
demonstrated a continued separation of the mortality curves and a continued significant
15.0% reduction in mortality in the SC group compared to the RC (P � 0.001) three years
after the trial concluded (17).

Fig. 7 Hypertension Detection and Follow-Up Program cumulative, life table, all-causes death
rates in stepped care (n � 5485) and referred care (n � 5455) participants. All participants were
followed up to a common 5-year trial termination date. Deaths beyond 5 years were excluded from
the trial’s final report (4) because mortality follow-up of referred care participants ended with their
year-5 (60-month) visit. Subsequent mortality surveillance identified post-5-year deaths, allowing
life table analysis of the trial’s full follow-up (17).
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Fig. 8 Hypertension Detection and Follow-Up Program cumulative, life table, all-causes death
rates in stepped care (n � 5485) and referred care (n � 5455) participants (1973–1982).

F. Cause-Specific Mortality

Data on cause-specific mortality for the SC and RC groups are presented in Table 4 for
all participants, DBP stratum I, and for the low-risk subgroup. As stated in the protocol
summary section, the design of the trial precluded assurances of unbiased ascertainment
of cause of death. This was an inevitable consequence of the trial’s design, including its
provision for several visits per year to the center by SC participants, in contrast to no
more than one annual exposure of RC participants to the research staff. The findings in
Table 4 are solely from the nosologist’s ‘‘blind’’ single-cause coding of death certificates.
No tests of statistical significance are given for the specific causes of death.

Table 4 presents a summary of the data on cause-specific mortality for the total SC
compared to the total RC group. Table 5 provides adjusted rates per 1000 participants for
selected fatal and nonfatal events. Number of deaths from cerebrovascular diseases was
smaller by almost 45% for the SC group. Most frequently, deaths among HDFP partici-
pants were attributed to CHD (ICDA codes 410–413): 37% of SC deaths and 35% of RC
deaths were assigned to CHD causes (131 SC and 148 RC), as shown in Table 5. There
were 26% fewer deaths attributed to acute MI in the SC compared with the RC group
(51 and 69, respectively). Deaths from other ischemic heart diseases were similar in both
groups. Therefore, for all CHD, the SC group had 15% fewer deaths than the RC group.
For the SC group, there were nine deaths certified to hypertension compared with 14 in
the RC group. For cardiovascular diseases other than the foregoing, the number of deaths
was the same for the SC and the RC groups. For all cardiovascular causes, there were
19% fewer deaths reported for the SC than the RC group—35.7 per 1000 SC versus 43.8
per 1000 RC participants (Table 5).
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Table 4 Causes of Death

No medication/
Stratum I (DBP, EOD

Total 90–104 mm Hg) 90–94 mm Hg

Cause of death (ICDA codes)a SC RC SC RC SC RC

Total 350 421 232 292 36 54
All cardiovascular diseases 195 240 122 165 17 26

Cerebrovascular diseases (430–438) 29 52 17 31 0 3
Myocardial infarction (410) 51 69 30 56 3 12
Other ischemic heart disease (411–413) 80 79 56 51 9 8
Hypertensive heart disease (402) 5 7 5 5 1 1
Other hypertensive disease (400–401, 403–404) 4 7 2 3 1 0
Other cardiovascular diseases (390–458 exclusive of above) 26 26 12 19 3 2

All noncardiovascular diseasesb 147 172 105 120 17 27
Renal diseases (580–599) 15 10 7 8 0 0
Diabetes mellitus (250) 5 11 4 5 1 0
Neoplastic diseases (140–239) 61 74 45 57 8 8

Breast cancer (174) 2 5 2 4 0 1
Gastrointestinal diseases (530–537) 12 20 10 15 2 8
Respiratory diseases (460–519) 13 17 9 10 0 3
Infectious diseases (000–136) 6 3 4 2 2 1
Accidents, suicides, and homicides (800–999) 26 25 20 17 3 4
Other diseases 15 15 10 8 3 6

Unknown 8 9 5 7 1 2

Number of deaths by cause, Stepped Care (SC), and Referred Care (RC) participants, Total, DBP Stratum I (DBP, 90–104 mm Hg), and DBP 90–94 who at entry were without
EOD and not on antihypertensive medication (low-risk subgroup).
a From death certificates. ICDA Codes indicates International Classification of Diseases Adapted Codes, 8th Revision.
b In Table 7 of the 1979 Final Report of the HDFP trial findings, the ‘‘All noncardiovascular diseases’’ category inadvertently included ‘‘unknown’’ causes of death, and the
number of DBP stratum I RC deaths attributed to renal diseases was switched with deaths attributed to diabetes mellitus.
Abbreviations: SC, stepped care; RC, referred care; DBP, diastolic blood pressure; EOD, end-organ damage; ICDA, International Classification of Diseases, Adapted.
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Table 5 Frequency of 5-Year Fatal and Nonfatal Endpoints Among Participants of the HDFP (1973–1979)

Adjusted rate Combined
P valueAny event per 1000 eventsa

for rate diff
Endpoint (Nsc � 5485, Nrc � 5455) SC RC SC RC RC-SC SC RC

Cardiovascular mortality 195 240 35.7 43.8 0.030 195 240
All-cause mortality 350 421 64.2 76.7 0.009 350 421

Fatal stroke 29 52 5.3 9.6 0.008 — —
Nonfatal stroke 73 107 13.4 19.5 0.013 423 527

All strokes 102 159 18.7 29.1 �0.001 — —
Fatal CHD 131 148 24.1 26.9 0.346 — —
Nonfatal myocardial infarction (MI) 194 230 35.6 42.1 0.078 579 721
Prolonged severe chest pain (Rose Questionnaire MI) 320 379 58.4 69.3 0.020 820 1012

Fatal CHD, nonfatal MI, or RQMI 558 669 102.1 122.2 �0.001 — —
Left ventricular hypertrophy (LVH) 127 183 23.1 33.4 0.001 916 1148
Angina pectoris (AP) 325 449 59.4 82.3 �0.001 1119 1432

AP without fatal CHD or MI 218 322 39.8 59.0 �0.001 — —
AP with ECG ischemia 64 89 11.6 16.4 0.036 — —

ECG ischemia 659 673 120.3 123.1 0.653 1565 1796
Without LVH or ECG MI 557 518 101.6 94.9 0.237 — —
Exclusive of any other event 494 448 90.2 81.9 0.123 — —

Renal insufficiency 99 101 18.3 18.4 0.969 1628 1853
Any endpointb 1628 1853 297.7 338.7 �0.001 1628 1853
Any major trial endpointc 995 1219 182.2 222.5 �0.001 — —
Any cardiac endpointd 417 536 76.4 97.7 �0.001 — —
Any nonfatal endpoint 1344 1507 245.6 275.7 �0.001 — —

a Events are accumulated with each successive row, with only one event per person being counted. Thus, the difference between consecutive rows equals the number of additional
events contributed to the total number of combined outcomes.
b Total number of combined endpoints.
c ‘‘Major trial endpoints’’ include death, stroke, nonfatal CHD (ECG MI, history of MI, RQMI), LVH, and renal insufficiency.
d ‘‘Cardiac endpoints’’ include fatal CHD, MI (ECG or history), and LVH.
Abbreviations: HDFP, Hypertension Detection and Follow-Up Program; SC, stepped care; RC, referred care; CHD, coronary heart disease; MI, myocardial infarction; RQMI,
Rose Questionnaire MI; LVH, left ventricular hypertrophy; AP, angina pectoris; ECG, electrocardiogram.
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For deaths attributed to renal diseases, 15 occurred in the SC group compared with
10 in the RC group. As to the few deaths certified to diabetes, five were in the SC and
11 in the RC group. There were also fewer deaths in the SC than the RC group attributed
to malignant neoplasms, gastrointestinal diseases, and respiratory diseases, whereas the
RC group had slightly fewer deaths from infectious diseases. Only seven deaths from
breast cancer were recorded: two in the SC and five in the RC group. Numbers of violent
deaths (accidents, suicides, and homicides) were almost identical in the two groups. Thus,
there were 15% fewer deaths attributed to noncardiovascular causes in the SC than in the
RC group. Cause of death could not be ascertained for 17 deaths (8 SC and 9 RC).

For DBP stratum I, there were 45% fewer deaths attributed to cerebrovascular dis-
eases in the SC group compared to the RC group. Similarly, there were 46% fewer deaths
due to acute MI in the SC group. Deaths from other ischemic heart diseases were slightly
more in the SC group compared with the RC group. Hence, the SC group had 20% fewer
CHD deaths than the RC group (86 versus 107). Deaths from hypertensive disease were
the same in the two groups, and slightly more deaths in the RC group were attributed to
other cardiovascular diseases. Overall, in this DBP stratum, there were 26% fewer deaths
from all cardiovascular diseases in the SC group compared with the RC group (122 and
165, respectively). Generally, for the noncardiovascular causes of death, there were fewer
deaths (105 and 120, respectively) in the SC than the RC group (13% fewer overall).

For the low-risk subgroup, the overall number of deaths was low in both SC and
RC. There were 33% fewer deaths in the SC group compared with the RC. As in the
study overall, most frequently, deaths among the low-risk subgroup were attributed to
CHD causes: 33% of SC deaths and 37% of RC deaths. Deaths from noncardiovascular
causes comprised half of all deaths in the low-risk subgroup. Cancer represented the most
frequent noncardiovascular cause of death among the low-risk participants.

G. Mortality Findings Stratified by Other Risk Factors

The HDFP findings demonstrated the predictive value of baseline SPB and pulse pressure
(16), serum creatinine (12), ECG abnormalities (9), and of several other baseline risk
factors (13) on all-cause mortality. The SC subgroups fared better than did corresponding
RC subgroups at all strata of baseline SBP, pulse pressure, body mass index, and serum
creatinine. All-cause mortality rates were lower in the SC group than the RC group, both
overall and for the 90 to 104 mm Hg stratum, for both cigarette smokers and nonsmokers,
and for persons with and without ECG abnormalities, hypercholesterolemia, hyperglyce-
mia, diagnosed diabetes, hyperuricemia, or rapid pulse rate.

H. Fatal and Nonfatal Stroke

Table 6 presents the stroke results from HDFP. There was a total of 159 new fatal and
nonfatal strokes ascertained in the RC group and 102 in the SC group during the five
years of follow-up. Fatal stroke accounted for 33% of total stroke in RC and 28% of total
stroke in SC (Table 5).

A total of 415 RC and 245 SC participants refused to participate in the final interview
when the stroke questionnaire was administered (6). For these participants, the ascertain-
ment of the nonfatal stroke endpoint was not achieved (7.6% of the RC group and 4.5%
of the SC group). The nonrespondents were treated in the analysis as though they had
had no new nonfatal strokes. Thus, the extra number of nonrespondents in RC (415 versus
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Table 6 Occurrence of Stroke

Direct adjusteda 95% Confidence Percentb

rates per 1000 limits for reduction
Sample size Strokes (SE) difference in strokes

in RC and for SC
Subgroup SC RC SC RC SC RC SC rates group P value

Total 5485 5455 102 159 18.7 (1.8) 29.1 (2.3) (4.70, 16.10) 35.7 �0.001
DBP Stratum
90–104 mm Hg 3903 3922 59 88 15.3 (2.0) 22.4 (2.4) (1.09, 13.11) 31.7 0.021
105–114 mm Hg 1048 1004 25 36 23.9 (4.7) 36.3 (5.9) (�2.42, 27.22) 34.2 0.101
� 115 mm Hg 534 529 18 35 34.9 (8.0) 63.9 (10.4) (3.38, 54.62) 45.4 0.026
Sex
Men 2961 2949 59 90 20.2 (2.6) 30.3 (3.1) (2.14, 18.06) 33.3 0.013
Women 2524 2506 43 69 17.0 (2.6) 27.6 (3.3) (2.45, 18.75) 38.4 0.011
Race
White 3076 3014 46 73 15.0 (2.2) 24.2 (2.8) (2.27, 16.13) 38.0 0.009
Black 2409 2441 56 86 23.4 (3.1) 35.2 (3.7) (2.33, 21.27) 33.5 0.015
Age
30–49 2427 2371 27 35 11.1 (2.1) 14.8 (2.5) (�2.69, 10.09) 25.0 0.265
50–59 1856 1912 39 62 21.2 (3.4) 32.3 (4.0) (0.82, 21.38) 34.4 0.034
60–69 1202 1172 36 62 30.1 (4.9) 52.9 (6.5) (6.76, 38.84) 43.1 0.005
Baseline Meds
On meds 1444 1403 44 65 30.4 (4.5) 46.2 (5.6) (1.78, 29.82) 34.2 0.027
Not on meds 4041 4052 58 94 14.4 (1.9) 23.1 (2.3) (2.82, 14.58) 37.7 0.004
EOD Status
With EOD 817 792 43 59 53.5 (7.9) 73.5 (9.1) (�2.80, 70.60) 18.1 0.070
Without EOD 4668 4663 59 100 12.7 (1.6) 21.4 (2.1) (3.46, 13.94) 40.7 0.001
No Meds, without EOD
DBP 90–94 mm Hg 1021 1022 4 10 4.2 (2.1) 9.8 (3.1) (�1.69, 12.89) 57.1 0.132

Fatal and nonfatal stroke for stepped care and referred care participants during 5-year follow-up, by diastolic blood pressure at entry, sex, race, age, use of antihypertensive
medication at entry, and presence of major end-organ damage at entry.
a Rates were direct adjusted for age, race, and sex distribution differences between the SC and RC groups.
b Percent reduction were calculated as 100 � (RC � SC rate)/RC rate.
Abbreviations: SC, stepped care; RC, referred care; DBP, diastolic blood pressure; Meds, medication; EOD, end-organ damage; SE, standard error.
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245) is likely to minimize the actual observed difference in the incidence of stroke between
the SC and RC groups.

For every major subgroup listed, a substantial reduction was noted. The overall
stroke incidence of 18.7/1000 for SC was significantly lower (P � 0.001) than the 29.1/
1000 observed among the RC group, a 35.7% reduction in strokes after five years between
the SC and RC groups. The reductions were 31.7% for DBP stratum I (P � 0.021) and
57.1% for the low-risk subgroup (P � 0.132).

There is a direct relationship between the incidence of stroke and the entry level of
DBP. In particular, whereas the incidence of stroke among the RC in stratum III was
almost triple that in stratum I, the increase in the incidence of stroke by DBP strata among
the SC group was less dramatic. Differences in stroke rates between the RC and SC groups
are apparent for all three DBP strata: 31.7%, 34.2%, and 45.4%. The largest absolute and
relative benefit in terms of fewer strokes in the SC compared to RC was achieved among
participants with entry DBP of 115 mm Hg or higher, where the SC rate was nearly half
that of RC.

Five-year incidence of fatal and nonfatal stroke by race and sex is also presented
in Table 6. Highest incidence were observed in blacks, both men and women (38.5/1000
RC black men, 32.6/1000 RC black women, 30.3/1000 SC black men, and 17.8/1000 SC
black women) (6). The stroke rates were lower in the SC group than the RC group in all
race and sex categories.

The incidence of stroke increased with age. At all ages, the incidence of fatal and
nonfatal stroke was less in the SC than the RC group. Greatest reductions in SC total
strokes were observed in those in the oldest age group (60 to 69 years), a 43.1% reduction.

Five-year incidence of total stroke was highest in both SC and RC participants
among those who had evidence of long-standing hypertension. Evidence of long-standing
hypertension was defined, for the purposes of this article, as being either on a regimen
of antihypertensive medication at entry or having evidence of major end-organ damage.
End-organ damage was defined as the presence of one or more of the following: LVH by
ECG criteria, history of stroke, history of MI, serum creatinine level of 1.7 mg/dl or
higher, or a history of intermittent claudication.

When there was no evidence of end-organ damage at entry, or when the participants
were not receiving medication at entry, the incidence of stroke was lower than when these
two factors were present. Furthermore, participants in the SC group experienced a much
lower incidence of stroke than those in the RC group, regardless of whether they were
receiving treatment, or had evidence of end-organ damage.

Five-year incidence of fatal and nonfatal stroke for the low-risk group—those with
DBP of 90 to 94 mm Hg who were untreated and free of major end-organ damage at
entry—is also shown in Table 6. It should be noted that stroke incidence was lowest and
relative reduction greatest—57.1%—in this subgroup.

I. Multiple Endpoints

Combined endpoints. The 5-year incidence of combined endpoints, adjusted for age, race,
and sex differences between the SC and RC groups, is depicted in Table 5 by type of
endpoint. The combined events shown in the fourth column were counted hierarchically,
beginning with fatal events and progressing through other events in this order: nonfatal
stroke, nonfatal MI, LVH, angina, ECG ischemia, and renal insufficiency. For participants
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with multiple events, only the first event in the hierarchy was counted. However, the total
frequency of each event is given in the first column of the table. There were 1628 SC
participants and 1853 RC participants who experienced one or more events. The SC rate
for any endpoint event was a significant 12.1% lower than RC (P � 0.001)—an absolute
difference of 41 events per 1000 participants in five years. For major trial endpoints, the
SC rate was 18.1% lower than RC (P � 0.001)—an absolute difference of 40 major events
per 1000. For cardiac endpoints, the SC rate was 21.8% lower than RC (P � 0.001)—
an absolute difference of 21 cardiac events per 1000.

Table 7 presents adjusted 5-year event rates for (a) all combined endpoints, (b) major
trial endpoints, and (c) cardiac endpoints, overall and by DBP strata. The SC rates were
all statistically significantly lower than RC with one exception, a 14.6% lower cardiac
event rate for stratum I SC. These differences were large and increased with DBP stratum,
both in terms of absolute and relative difference measures. Overall, for total endpoints,
major trial endpoints, and cardiac endpoints, the absolute differences were 41.0, 40.3, and
21.3 events per 1000, respectively (P � 0.001). The cardiac event rate for stratum III SC
was less than half that of RC (P � 0.001).

In both SC and RC, the incidence rates of total and major trial endpoints increased
with baseline DBP; for cardiac endpoints, this trend was present for RC participants. The
rise was much more dramatic for the RC group. For total endpoints, the RC rate ranged
from 313.4 per 1000 in stratum I to 428.1 per 1000 in stratum III, a difference of 114.7
events per 1000. In comparison, the SC rates increased by only 63.7 per 1000. For major
trial endpoints, the difference between the stratum III and stratum I rates was 106.2 per
1000 for RC participants but only 61.2 per 1000 for SC. For cardiac events, the RC rates
increased with DBP by 74.6 per 1000, whereas in the SC group, the stratum III rate was
only slightly higher than stratum I.

For any endpoint, the difference was particularly striking among those in the low-
risk group, where the SC experienced 47.6 fewer events per 1000 persons than did RC, a
19.3% reduction (P � 0.009). For any major endpoint, the difference was still particularly
striking: the low-risk SC group experienced 42.6 fewer major events per 1000 persons
than did RC, a 29.0% reduction (P � 0.003). For any cardiac endpoints, the difference
was less striking: the SC experienced 17.2 fewer events per 1000 persons than did RC,
a 28.9% reduction (P � 0.075).

VI. CONCLUSIONS

The HDFP was a landmark trial. Its implications and influence are still strong in the
medical and public health communities (60). The trial demonstrated for the first time that
hypertension in the community could be identified by enumeration and screening and that
systematic management of hypertension could reduce mortality in people with high BP.
Subsequent reports from the HDFP extended this benefit to age, race, and sex subgroups
(5), those with uncomplicated mild hypertension (5), and for the outcomes of CHD (8),
stroke (6), and LVH (11). In addition, such treatment would, and did, have an enormous
public health benefit, as more than 60 million Americans have high BP. The reduction in
deaths, strokes, and CHD events, and the economic impact this had, are substantial.

The trial engendered criticism. The HDFP was neither placebo-controlled nor dou-
ble-blind. The SC participants may have received more intensive medical care because
they were seen every 4 months. Perhaps something besides BP reduction could have con-



52
D

avis
an

d
F

o
rd

Table 7 Cardiac Event Occurrences

Direct Adjusteda 95% Confidence Percentb

rates per 1000 limits for reduction
Sample size Strokes (SE) difference in strokes

in RC and for SC
Subgroup SC RC SC RC SC RC SC rates group P value

Any endpoint
All 5485 5455 1628 1853 297.7 (6.1) 338.7 (6.3) (23.83, 58.17) 12.1 �0.001
DBP stratum
90–104 mm Hg 3903 3922 1104 1233 284.3 (7.1) 313.4 (7.3) (9.20, 49.00) 9.3 0.004
105–114 mm Hg 1048 1004 339 394 325.1 (14.4) 392.1 (15.3) (25.93, 108.07) 17.1 0.001
� 115 mm Hg 534 529 185 226 348.0 (20.4) 428.1 (21.5) (21.94, 138.26) 18.7 0.007
No meds, without EOD
DBP 90–94 mm Hg 1021 1022 202 254 199.6 (12.4) 247.2 (13.3) (11.87, 83.33) 19.3 0.009
Any major endpoint
All 5485 5455 995 1219 182.2 (5.1) 222.5 (5.5) (25.54, 55.06) 18.1 �0.001
DBP stratum
90–104 mm Hg 3903 3922 659 802 170.0 (5.9) 203.6 (6.3) (16.69, 50.51) 16.5 �0.001
105–114 mm Hg 1048 1004 213 252 205.1 (12.3) 250.3 (13.5) (9.50, 80.90) 18.1 0.013
� 115 mm Hg 534 529 123 165 231.2 (17.8) 309.8 (19.9) (26.28, 130.92) 25.4 0.003
No meds, without EOD
DBP 90–94 mm Hg 1021 1022 106 152 104.5 (9.5) 147.1 (10.9) (14.14, 71.06) 29.0 0.003
Any cardiac endpoint
All 5485 5455 417 536 76.4 (3.6) 97.7 (4.0) (10.85, 31.75) 21.8 �0.001
DBP stratum
90–104 mm Hg 3903 3922 286 342 73.8 (4.2) 86.7 (4.4) (1.02, 24.78) 14.9 0.033
105–114 mm Hg 1048 1004 91 109 88.7 (8.7) 107.7 (9.7) (�6.52, 44.52) 17.6 0.144
� 115 mm Hg 534 529 40 85 75.1 (11.4) 161.3 (15.8) (48.00, 124.40) 53.4 �0.001
No meds, without EOD
DPB 90–94 mm Hg 1021 1022 43 61 42.3 (6.3) 59.5 (7.3) (�1.71, 36.11) 28.9 0.075

Adjusted 5-year event rates for any, major, and cardiac events among stepped care and referred care participants of the HDFP (1973–1979), for each diastolic blood pressure
stratum and for participants with entry DBP 90–94 mm Hg who were not on antihypertensive medication and were free of major end-organ damage.
a The definitions of ‘‘combined endpoints,’’ ‘‘major trial endpoints,’’ and ‘‘cardiac endpoints’’ are given in the Methods Section.
b Rates were directly adjusted for distributional differences between the SC and RC cohorts in age, race, and sex.
Abbreviations: HDFP, Hypertension Detection and Follow-Up Program; SC, stepped care; RC, referred care; DBP, diastolic blood pressure; SE, standard error.
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tributed to the apparent benefit. An analysis that examined the major indices of BP treat-
ment showed that a great part of the difference between the two treatment groups could
be attributed to antihypertensive therapy (61). Because the primary outcome was total
mortality, there could be no ascertainment bias. Finally, the major question looming after
HDFP was whether younger persons with mild hypertension and no evidence of end-organ
damage should be placed on BP drugs. The answer was yes. In uncomplicated patients
with a DBP of 90 to 94 mm Hg, there was substantial benefit from the SC regimen (7).
Our analysis of combined endpoints reinforces this dramatically.

The HDFP accomplished many things. It demonstrated that hypertension could be
identified in the community (41), brought under pharmacological treatment (42), and effec-
tively treated among younger and older Americans (62), blacks and whites, and men and
women (57). It showed that through such treatment, total morality could be reduced in
the population and in age, race, and sex subgroups (5). The benefit could be extended to
those with mild hypertension (5) and even those with uncomplicated mild hypertension
(5). It showed that a large-scale clinical trial could be conducted well and successfully in
the community (41).

The HDFP did not accomplish several things. The controversy over an optimal level
of DBP control was not resolved. A subsequent analysis of the HDFP data suggested that
there might be a ‘‘J-shaped’’ relationship for DBP and mortality but not one for SBP (63).
Controversy continued to ensue resulting in the Hypertension Optimal Treatment Trial
(HOT) (64). That study did not fully answer the J-shaped question, but it did show that
treatment of DBP into the 80s mm Hg range demonstrated additional benefit in terms of
cardiovascular events. It did not show what treatment might be best for hypertension. This
controversy has resulted in several new studies that address clinical outcomes in relation
to various treatments, including Antihypertensive and Lipid Lowering Treatment to Pre-
vent Heart Attack Trial (ALLHAT) (65), Controlled ONset Verapamil INvestigation of
Cardiovascular Endpoints (CONVINCE) (66), the International Verapamil/Trandolapril
Study (INVEST), Second Australian National Blood Pressure Study (ANBP2) (67), Afri-
can American Study of Kidney Disease and Hypertension (AASK) (68), and others (69).

The HDFP did not address the issue of treating isolated systolic hypertension (ISH),
although the data from the screening provided an important look at the cardiovascular
risks associated with ISH (70). The Systolic Hypertension in the Elderly Program (SHEP)
demonstrated the effectiveness of treating ISH in preventing stroke and CHD (71). Also,
the treated SHEP participants had a mean DBP of 68 mm Hg after 5 years, showing that
reducing DBP to low levels was not associated with any measurable risk.

The HDFP did not show whether nonpharmacological therapy was useful in treating
BP and whether such therapy would be useful in reducing clinical outcomes. Subsequent
studies (HPT [72], TONE [73], TOHP [74, 75], TAIM [76]) have shown the effectiveness
of nonpharmacological therapy.

What was the influence of this trial on medical practice? It had a major effect on
guidelines for hypertension management from the Joint National Committee (77, 78). It
heightened awareness of hypertension as a public health problem (78–80). It probably
played a major role in resulting in large decreases in stroke mortality, hypertensive renal
failure and heart failure in the United States (79). It resulted in the large-scale institution
of treatment for patients with mild hypertension, and demonstrated the efficacy of using
diuretics in treating hypertension. Although the use of diuretics deceased after the Multiple
Risk Factor Intervention Trial (MRFIT) results (81), the success of the SHEP trial, which
used chlorthalidone as a first-line drug, revitalized the use of diuretics (71).
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The HDFP concluded more than 20 years ago. Since then, its conclusions and impli-
cations have been reinforced and expanded by many studies. This trial was and still re-
mains a landmark in the annals of hypertension trials, and of all trials as well.

ACKNOWLEDGMENTS

Many of the HDFP researchers and key advisors are no longer living: Lawrence M.
Slotkoff (1930–1983), Arthur S. Littell (1925–1987), B. Frank Polk (1942–1988), Max
Halperin (1917–1988), Edward H. Kass (1917–1990), Herbert G. Langford (1922–1991),
Walter M. Kirkendall (1917–1991), Richard D. Remington (1931–1992), Aris Apostol-
ides (1937–1993), Nemat O. Borhani (1926–1996), Rose Stamler (1922–1998), Alvin P.
Shapiro (1921–1998).

The research on which this publication is based was performed pursuant to contract
numbers NO1-HV-124 (83-42), 229 (31, 37-39, 45), 32933, 72915, and 82915 with the
National Heart, Lung, and Blood Institute, National Institutes of Health, and U.S. Depart-
ment of Health, Education, and Welfare.

The HDFP policy advisory board members who monitored the HDFP and advised
the National Heart, Lung, and Blood Institute regarding its progress include the following:

Alvin P. Shapiro, M.D., Chairman, University of Pittsburgh School of Medicine,
Pittsburgh, PA; Glenn E. Bartsch, Ph.D., School of Public Health, University of Minne-
sota, Minneapolis; Kenneth G. Berge, M.D., Mayo Clinic, Rochester, MN; Edward S.
Cooper, M.D., Hospital of University of Pennsylvania, Philadelphia; Edward D. Frohlich,
M.D., Alton Ochsner Medical Foundation, New Orleans, LA; Richard H. Gadsden, Ph.D.,
Medical University of South Carolina, Charleston; David L. Sackett, M.D., McMaster
University Medical Center, Hamilton, Ontario, Canada; Joseph A. Wilber, M.D., Georgia
Department of Human Resources, Atlanta; William J. Zukel, M.D., National Heart, Lung,
and Blood Institute, Bethesda, MD.

The Toxicity and Endpoints Evaluation Committee members who reviewed data
endpoints and toxicity reports at specified intervals include the following:

W. McFate Smith, M.D., M.P.H., Chairman, University of California-USPHS Hos-
pital, San Francisco; Walter M. Kirkendall, M.D., University of Texas Medical School,
Houston; Curtis L. Meinert, Ph.D., School of Hygiene and Public Health, Johns Hopkins
University, Baltimore, MD; Louis S. Monk, Ph.D., Silver Spring, MD; Richard D. Rem-
ington, Ph.D., University of Michigan School of Public Health, Ann Arbor; Alvin P. Sha-
piro, M.D., University of Pittsburgh School of Medicine, Pittsburgh; Herbert G. Langford,
M.D., University of Mississippi Medical Center, Jackson; Jeremiah Stamler, M.D., North-
western University Medical School, Chicago, IL; Edward H. Kass, M.D., Ph.D., Peter
Bent Brigham Hospital Division of Affiliated Hospitals Inc., Boston, MA; Harold W.
Schnaper, M.D., University of Alabama in Birmingham; Thomas P. Blaszkowski, Ph.D.,
PCB, DHVD, NHLBI, Bethesda, MD; Max Halperin, Ph.D., Georgetown University,
Bethesda, MD; William J. Zukel, M.D. (Ex Officio), PCB, DHVD, NHLBI, Bethesda,
MD.

The HDFP Steering Committee members, the principal investigators in the trial,
include the following:
Clinical Centers: Elbert P. Tuttle, Jr., M.D. (Atlanta), George Entwisle, M.D. (Baltimore),
Albert Oberman, M.D. (Birmingham, AL), Edward H. Kass, M.D., Ph.D. (Boston), Jere-
miah Stamler, M.D. (Vice-Chairman, Chicago), Nemat O. Borhani, M.D. (Davis, CA),
John W. Jones, M.D. (East Lansing, MI), Curtis G. Hames, M.D. (Evans County, GA),



Hypertension Detection and Follow-Up Program 55

Lawrence M. Slotkoff, M.D., Ph.D. (Georgetown, Washington, D.C.), Herbert G. Lang-
ford, M.D. (Chairman, Jackson, MS), Morton H. Maxwell, M.D. (Los Angeles), Reuben
Berman, M.D. (Minneapolis), M. Donald Blaufox, M.D. Ph.D. (New York), C. Hilmon
Castle, M.D. (Salt Lake City).
Coordinating Center: C. Morton Hawkins, Sc.D.; J. David Curb, M.D., M.P.H., Houston
Central Laboratory: Kenneth Schneider, M.D.; Agostino Molteni, M.D., Ph.D., Chicago.
ECG Center: Ronald J. Prineas, M.E., B.S., Ph.D., Minneapolis, MN.
NHLBI Program Office: Gerald H. Payne, M.D., Bethesda, MD.

The 14 clinical centers and four coordination and service centers of the cooperative
group, their institutions, coinvestigators, and senior staff were as follows:
Atlanta: Emory University; Neil B. Shulman, M.D., Margaret Chiappini, R.N., Catherine
Hampton, R.N.; Baltimore: University of Maryland; Aristide Apostolides, D.V.M., Ph.D.,
J. Richard Hebel, Ph.D.; Birmingham: University of Alabama; Harold Schnaper, M.D.,
James Kitts, P.A., Myra Crawford, M.A., M.F.A.; Boston: Peter Bent Brigham Hospital
Division of Affiliated Hospitals Inc., Harvard Medical School; James O. Taylor, M.D.,
B. Frank Polk, M.D., M.Sc.; Chicago: Northwestern University; Rose Stamler, M.A.,
Flora Cass Gosch, M.D.; Davis: University of California; Jess F. Kraus, Ph.D., Virginia
C. Asbury, B.S., Linda Sigourney, R.N.; East Lansing: Michigan State University; Sandra
D. Daugherty, M.D., Ph.D.), Robert M. Daugherty, Jr., M.D., Ph.D.; Evans County, GA:
Evans County Health Department; H. A. Tyroler, M.D., Siegfried Heyden, M.D.; George-
town, Washington, D.C.: Georgetown University; Won Ro Lee, M.D., Charles E.
McCauley, M.D.; Jackson, MS: University of Mississippi; Myra Tyler, M.D., John D.
Abernethy, M.D., Taira Morino, M.D.; Los Angeles: Cedars-Sinai and UCLA Medical
Centers; Andrew J. Lewin, M.D., Roger Detels, M.D. Joan Ignatius Smith, R.N.; Min-
neaplis: Mount Sinai Hospital and University of Minnesota; Kyuhyun Wang, M.D., Ron-
ald J. Prineas, Ph.D. M.E., B.S., Richard Crow, M.D.; New York: Albert Einstein College
of Medicine; Sylvia Wassertheil-Smoller, Ph.D., Jeanne Hotchkiss, M.D.; Salt Lake City:
University of Utah; Joyce Johnson, M.D., Virginia Aldrich, R.N., Irving Ershler, M.D.;
Coordinating Center, Houston: The University of Texas-Houston; C. Morton Hawkins,
Sc.D., Barry R. Davis, M.D., Ph.D., Charles E. Ford, Ph.D., Robert J. Hardy, Ph.D., J.
David Curb, M.D., M.P.H., Darwin R. Labarthe, M.D., Ph.D., Arthur Littell, Sc.D., Ph.D.,
Richard D. Remington, Ph.D., E. O’Brian Smith, Ph.D.; Central Laboratory, Chicago:
Northwestern Memorial Hospital; Kenneth A. Schneider, M.D., Agostino Molteni, M.D.,
Ph.D., Edward Fitzsimmons, Ph.D., Frances Gaona, Melanie Palmer; ECG Center, Min-
neapolis: University of Minnesota; Ronald J. Prineas, Ph.D., M.E., B.S., Henry Blackburn,
M.D., Deborah Brasseur, Kathy Pickard; and National Heart, Lung, and Blood Institute,
National Institutes of Health, Bethesda, MD: Gerald H. Payne, M.D., Wallace Williams,
Ph.D., James H. Ware, Ph.D., William J. Zukel, M.D.

REFERENCES

1. Roccella EJ, Horan MJ. The National High Blood Pressure Education Program: measuring
progress and assessing its impact. Health Psychology 1988; 7(suppl):297–303.

2. Remington RD, on behalf of the HDFP Cooperative Group. The Hypertension Detection and
Follow-up Program. INSERM 1973; 21:185–194.

3. Hypertension Detection and Follow-Up Program Cooperative Group. The Hypertension Detec-
tion and Follow-Up Program. Prev Med 1976; 5:207–215.

4. Hypertension Detection and Follow-Up Program Cooperative Group. Five-year findings of



56 Davis and Ford

the Hypertension Detection and Follow-Up Program: I. Reduction in mortality of persons with
high blood pressure, including mild hypertension. JAMA 1979; 242:2562–2571.

5. Hypertension Detection and Follow-Up Program Cooperative Group. Five-year findings of
the Hypertension Detection and Follow-Up Program: II. Mortality by race-sex and age. JAMA
1979; 242:2572–2577.

6. Hypertension Detection and Follow-Up Program Cooperative Group. Five-year findings of
the HDFP: III. Reduction in stroke incidence among persons with high blood pressure. JAMA
1982; 247:633–638.

7. Hypertension Detection and Follow-Up Program Cooperative Group. The effect of treatment
on mortality in ‘‘mild’’ hypertension—results of the HDFP. N Engl J Med 1982; 307:976–
980.

8. Hypertension Detection and Follow-Up Program Cooperative Group. Effect of stepped care
treatment on incidence of myocardial infarction and angina pectoris. Five-year findings of the
HDFP. Hypertension 1984; 6(suppl):I-198 through I-206.

9. Hypertension Detection and Follow-Up Program Cooperative Group. The effect of antihyper-
tensive drug treatment on mortality in the presence of resting electrocardiographic abnormali-
ties at baseline: the HDFP experience. Circulation 1984; 70:996–1003.

10. Hypertension Detection and Follow-Up Program Cooperative Group. Five-year findings of
the HDFP: mortality by race-sex and blood pressure level. A further analysis. J Community
Health 1984; 9:314–327.

11. Hypertension Detection and Follow-Up Program Cooperative Group. Five-year findings of
the HDFP: Prevention and reversal of left ventricular hypertrophy with antihypertensive drug
therapy. Hypertension 1985; 7:105–112.

12. Shulman NB, Ford CE, Hall WD, Blaufox MD, Simon D, Langford HG, Schneider KA. Prog-
nostic value of serum creatinine and the effect of treatment of hypertension on renal function.
Results from the HDFP. Hypertension 1989; 13(Suppl I):I-80–I-93.

13. Hypertension Detection and Follow-Up Program Cooperative Group. Mortality findings for
stepped-care and referred-care participants in the HDFP, stratified by other risk factors. Prev
Med 1985; 14:312–335.

14. Maxwell MH, Ford CE. Cardiovascular morbidity and mortality in the HDFP patients 50–69
years old at entry. J Cardiovasc Pharmacol 1985; 7(suppl 2):S5–S9.

15. Results and implications of the Hypertension Detection and Follow-up Program. Sonnenblick
EH and Lesch M, eds, with MD Blaufox as guest editor. Prog Cardiovasc Dis 1986; 29(suppl
1):1–124.

16. Abernethy J, Borhani NO, Hawkins CM, Crow R, Entwisle G, Jones JW, Maxwell MH, Lang-
ford H, Pressel S. Systolic blood pressure as an independent predictor of mortality in the
Hypertension Detection and Follow-Up Program. Am J Prev Med 1986; 2:123–132.

17. Hypertension Detection and Follow-Up Program Cooperative Group. Persistence of reduction
in blood pressure and mortality of participants in the Hypertension Detection and Follow-Up
Program. JAMA 1988; 259:2113–2122.

18. The Framingham Study, Section 30. Kannel WB, Gordon T, eds. DHEW Publications No.
(NIH) 74-599. U.S. Government Printing Office, Washington, D.C., 1974.

19. Doyle JT. Risk factors in coronary heart disease. N Y State J Med 1963; 63:1317–1320.
20. Chapman JM, Massey FJ Jr. The interrelationship of serum cholesterol, hypertension, body

weight, and risk of coronary disease: results of first ten years’ follow-up in the Los Angeles
Heart Study. J Chronic Dis 1964; 17:933–949.

21. Epstein FH, Ostrander LD Jr, Johnson BC, Payne MW, Hayner NS, Keller JB, Frances T Jr.
Epidemiological studies of cardiovascular disease in a total community, Tecumseh, Michigan.
Ann Intern Med 1965; 62:1170–1187.

22. Stamler J, Lindberg HA, Berkson DM, Shaffer A, Miller W, Poindexter A. Prevalence and
incidence of coronary heart disease in strata of the labor force of a Chicago industrial corpora-
tion. J Chronic Dis 1960; 11:405–420.



Hypertension Detection and Follow-Up Program 57

23. Tyroler HA, Heyden S, Bartel A, Cassel J, Cornoni JC, Haines CG, Kleinbaum D. Blood
pressure and cholesterol as coronary heart disease risk factors. Arch Intern Med 1971; 128:
907–919.

24. Paul O. The risks of mild hypertension: a ten year report. Br Heart J 1971; 33(suppl):116–
121.

25. Keys A, Taylor HL, Blackburn H, Brozels J, Anderson JT, Simonson E. Coronary heart disease
among Minnesota business and professional men followed fifteen years. Circulation 1963; 28:
381–395.

26. Build and Blood Pressure Study. Vol 1. Chicago: Society of Actuaries, 1959.
27. McGee D, Gordon T. The results of the Framingham study applied to four other US-based

epidemiologic studies of cardiovascular disease. In: The Framingham Study: An Epidemiolog-
ical Investigation of Cardiovascular Disease, publication No. (NIH) 76-1083. Washington,
DC: U.S. Dept of Health, Education, and Welfare, Section 31, April, 1976.

28. Pooling Project Research Group. Relationship of blood pressure, serum cholesterol, smoking
habit, relative weight and ECG abnormalities to incidence of major coronary events: final
report of the Pooling Project. J Chronic Dis 1978; 31:201–306.

29. Shurtleff D. Some characteristics related to the incidence of cardiovascular disease and death:
Framingham study, 18-year follow-up. In: The Framingham Study: An Epidemiological Inves-
tigation of Cardiovascular Disease, publication No. (NIH) 74-599. Washington, D.C.: US Dept
of Health, Education, and Welfare, Section 30, February 1974.

30. Gordon T, Kannel WB. Predisposition to atherosclerosis in the head, heart, and legs: The
Framingham Study. JAMA 1972; 221:661–666.

31. Veterans Administration Cooperative Study Group on Antihypertensive Agents. Effects of
treatment on morbidity in hypertension: results in patients with diastolic blood pressure averag-
ing 115 through 129 mm Hg. JAMA 1967; 202:1028–1034.

32. Veterans Administration Cooperative Study Group on Hypertensive Agents. Effects of treat-
ment on morbidity in hypertension: II. Results in patients with diastolic blood pressure averag-
ing 90 through 114 mm Hg. JAMA 1970; 213:1143–1152.

33. Veterans Administration Cooperative Study Group on Antihypertensive Agents. Effects of
treatment on morbidity in hypertension: III. Influence of age, diastolic pressure, and prior
cardiovascular disease; further analysis of side effects. Circulation 1972; 45:991–1004.

34. U.S. Dept of Health, Education, and Welfare. Blood Pressure of Persons 18–74 Years, United
States, 1971–72, series 11, No. 150. Washington, D.C.: National Health Survey, National
Center for Health Statistics, 1975.

35. Guidelines for the detection, diagnosis, and management of hypertensive populations. In:
Wright IS, Fredrickson DT, eds. Cardiovascular Diseases: Guidelines for Prevention and Care,
Inter-Society Commission for Heart Disease Resources, Hypertension Study Group. Washing-
ton, D.C.: U.S. Government Printing Office, 1974:186–197.

36. Wilber JA. Detection and control of hypertensive disease in Georgia, USA. In: Stamler J,
Stamler R, Pullman TN, eds. The Epidemiology of Hypertension. New York: Grune & Stratton
Inc, 1967:439–448.

37. U.S. Dept of Health, Education, and Welfare. Blood Pressure of Adults by Age and Sex,
United States, 1960–1962, series 11, No. 4. Washington, D.C.: National Health Survey, Na-
tional Center for Health Statistics, 1964.

38. U.S. Dept of Health, Education, and Welfare. Blood Pressure of Adults by Race and Area,
United States, 1960–1962, series 11, No. 5. Washington, D.C.: National Health Survey, Na-
tional Center for Health Statistics, 1964.

39. Schoenberger JA, Stamler J, Shekelle RB, Shekelle S. Current status of hypertension control
in an industrial population. JAMA 1972; 222:559–562.

40. Ford CE, Langford HG, Palmer M. Recruitment in the HDFP. Control Clin Trials 1987; 8:
54S–67S.



58 Davis and Ford

41. Hypertension Detection and Follow-Up Program Cooperative Group. Blood pressure studies
in 14 communities: A two-stage screen for hypertension. JAMA 1977 237:2395–2391.

42. Hypertension Detection and Follow-Up Program Cooperative Group. Patient participation in
a hypertension control program. JAMA 1978; 239:1507–1514.

43. Labarthe DR, Hawkins CM, Remington RD. Evaluation of performance of selected devices
for measuring blood pressure. Am J Cardiol 1973; 32:546–553.

44. Prineas RJ, Crow RS, Blackburn H. The Minnesota Code Manual of Electrocardiographic
Findings—Standards and Procedures for Measurement and Classification. Littleton, MA:
Wright-PSG, 1982.

45. Ungerleider HE, Gubner R. Evaluation of heart size measurements. Am Heart J 1942; 24:
494–510.

46. The Coronary Drug Project Research Group. The Coronary Drug Project: design, methods,
and baseline results. Circulation 1973; 47(suppl 1):1–79.

47. Cutter G, Heyden S, Kasteler J, Kraus JF, Lee ES, Shipley T, Stromer M, on behalf of the
Hypertension Detection and Follow-Up Program. Mortality surveillance in collaborative trials.
Am J Public Health 1980; 70:394–400.

48. Curb JD, Ford CE, Pressel S, Palmer M, Babcock C, Hawkins CM. Ascertainment of vital
status through the National Death Index and the Social Security Administration. Am J Epide-
miol 1985; 121:754–766.

49. U.S. Department of Health, Education, and Welfare. Eighth Revision International Classifica-
tion of Diseases, adapted for use in the United States. Public Health Service Publication No.
1693, Washington, D.C., 1968.

50. Rose GA, Blackburn H. Cardiovascular Survey Methods, WHO Monograph Series No. 56.
Geneva, World Health Organizations, 1968.

51. Reid DD, Brett GZ, Hamilton PJS, Jarrett RJ, Keen H, Rose G. Cardiorespiratory disease and
diabetes among middle-aged male civil servants: a study of screening and intervention. Lancet
1974, 1:469–474.

52. Rose G, Reid DD, Hamilton PJS, McCartney P, Keen H, Jarrett RJ. Myocardial ischemia,
risk factors and death from coronary heart disease. Lancet 1977; 1:105–109.

53. Lee ET. Statistical Methods for Survival Analysis. Belmont, CA: Lifetime Learning Publica-
tions, Wadsworth, Inc., 1980:88–101.

54. Cutler S, Ederer F. Maximum utilization of the life table method in analyzing survival. J Chron
Dis 1958; 8:699–712.

55. Hypertension Detection and Follow-up Program Cooperative Group. Baseline characteristics
of the enumerated, screened, and hypertensive participants. Daugherty SA, Entwisle G, Curb
JD, Polk BF, Taylor JO, eds. Hypertension 1983; 5(suppl IV):IV–1 through IV–205.

56. Davis BR, Ford CE, Remington RD, Stamler R, Hawkins CM. HDFP design, methods, and
baseline characteristics and blood pressure response of the study participants. Prog Cardiovasc
Dis 1986; 29:11–28.

57. Hypertension Detection and Follow-up Program Cooperative Group. Therapeutic control of
blood pressure after one year in the Hypertension Detection and Follow-Up Program. Prev
Med 1979; 8:2–13.

58. JD Curb, NO Borhani, TP Blaszkowski, N Zimbaldi, S Fotiu, W Williams. Long-term surveil-
lance for adverse effects of antihypertensive drugs. JAMA 1985; 253:3263–3268.

59. Langford HG, Stamler J, Wassertheil-Smoller S, Prineas RJ. All-cause mortality in the HDFP:
findings for the whole cohort and for persons with less severe hypertension, with and without
other traits related to risk of mortality. Prog Cardiovasc Dis 1986; 29:29–54.

60. Ramsay LE. The Hypertension Detection and Follow-Up Program: 17 years on. JAMA 1997;
277:167–170.

61. Hardy RJ, Hawkins CM. The impact of selected indices of antihypertensive therapy on all-
cause mortality. Am J Epidemiol 1983; 117:566–574.

62. Curb JD, Borhani NO, Schnaper H, Entwisle G, Kass E, Williams W, Berman R. Detec-



Hypertension Detection and Follow-Up Program 59

tion and treatment of hypertension in older individuals. Am J Epidemiol 1985; 121:371–
376.

63. Cooper SP, Hardy RJ, Labarthe DR, Hawkins CM, Smith EO, Blaufox MD, Cooper C, En-
twisle G, Maxwell MH, on behalf of the HDFP Cooperative Group. The relationship between
degree of blood pressure reduction and mortality among hypertensives in the HDFP. Am J
Epidemiol 1988; 127:387–403.

64. Hansson L, Zanchetti A, Carruthers SG, Dahlof B, Elmfeldt D, Julius S, Menard J, Rahn KH,
Wedel H, Westerling S, for the HOT Study Group. Effects of intensive blood-pressure low-
ering and low-dose aspirin in patients with hypertension: principal results of the Hypertension
Optimal Treatment (HOT) randomized trial. Lancet 1998; 351: 1755–1762.

65. Davis BR, Cutler JA, Gordon DJ, Furberg CD, Wright JT Jr, Cushman WC, Grimm RH,
LaRosa J, Whelton PK, Perry HM, Alderman MH, Ford CE, Oparil S, Francis C, Proschan
M, Pressel S, Black HP, Hawkins CM, for the ALLHAT Research Group. Rationale and de-
sign for the Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT). Am J Hypertension 1996; 9 (part 1):342–360.

66. Black HP, Elliott WJ, Neaton JD, Grandits G, Grambsch P, Grimm RH Jr, Hansson L, Lacou-
ciere Y, Muller J, Sleight P, Weber MA, White WB, Williams G, Wittes J, Zanchetti A,
Fakouhi TD. Rationale and design for the Controlled ONset Verapamil INvestigation of Car-
diovascular Endpoints (CONVINCE) Trial. Control Clin Trials 1998; 19:370–390.

67. Wing LM, Reid CM, Ryan P, Beilin LJ, Brown MA, Jennings GL, Johnston CI, McNeil JJ,
Marley JE, Morgan TO, Shaw J, Steven ID, West MJ. Second Australian National Blood
Pressure Study (ANBP2). Australian comparative outcome trial of ACE inhibitor- and diuretic-
based treatment of hypertension in the elderly. Management Committee on behalf of the High
Blood Pressure Research Council of Australia. Clin Exp Hypertens 1997; 19:779–791.

68. Agodoa L. African American Study of Kidney Disease and hypertension (AASK)—Clinical
trial update. Ethn Dis 1998; 8:249–253.

69. Estacio RO, Jeffers BW, Hiatt WR, Biggerstaff SL, Gifford N, Schrier RW. The effect of
nisoldipine as compared with enalapril on cardiovascular outcomes in patients with non-
insulin-dependent diabetes and hypertension. N Engl J Med 1998; 338:645–652.

70. Curb JD, Borhani NO, Entwisle G, Tung B, Kass E, Schnaper H, Williams W, Berman R.
Isolated systolic hypertension in 14 communities. Am J Epidemiol 1985; 121:362–370.

71. SHEP Cooperative Research Group. Prevention of stroke by antihypertensive drug treatment
in older persons with isolated systolic hypertension: final results of the Systolic Hypertension
in the Elderly Program (SHEP). JAMA 1991; 265:3255–3264.

72. Meinert CL, Borhani NO, Langford HG. Design, methods, and rationale in the Hypertension
Prevention Trial. Hypertension Prevention Trial Research Group. Control Clin Trials 1989;
10(suppl):1S–29S.

73. Whelton PK, Appel LJ, Espeland MA, Applegate WB, Ettinger WH Jr, Kostis JB, Kumanyika
S, Lacy CR, Johnson KC, Folmar S, Cutler JA. Sodium reduction and weight loss in the
treatment of hypertension in older persons: a randomized controlled trial of nonpharmacologic
interventions in the elderly (TONE). JAMA 1998; 279:839–846.

74. The Trials of Hypertension Prevention Collaborative Research Group. The effects of nonphar-
macologic interventions on blood pressure of persons with high normal levels. Results of the
Trials of Hypertension Prevention, Phase I. JAMA 1992; 267:1213–1220.

75. Hebert PR, Bolt RJ, Borhani NO, Cook NR, Cohen JD, Cutler JA, Hollis JF, Kuller LH,
Lasser NL, Oberman A, Miller ST, Morris C, Whelton PK, Hennekens CH. Design of a
multicenter trial to evaluate long-term life-style intervention in adults with high-normal blood
pressure levels. Trials of Hypertension Prevention (phase II). Trials of Hypertension Preven-
tion (TOHP) Collaborative Research Group. Ann Epidemiol 1995; 5:130–139.

76. Wassertheil-Smoller S, Oberman A, Blaufox MD, Davis B, Langford H. The Trial of Antihy-
pertensive Interventions and Management (TAIM) Study. Final results with regard to blood
pressure, cardiovascular risk, and quality of life. Am J Hypertens 1992; 5:37–44.



60 Davis and Ford

77. Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure.
The 1984 Report of the Joint National Committee on Detection, Evaluation and Treatment of
High Blood Pressure. Arch Intern Med 1984; 144:1045–1057.

78. Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure.
The Fifth Report of the Joint National Committee on Detection, Evaluation, and Treatment
of High Blood Pressure (JNC V). Arch Intern Med 1993; 153:154–183.

79. Moser M. Historical perspective on the management of hypertension. Am J Med 1986;
80(suppl 5B):1–11.

80. Burt VL, Whelton P, Roccella EJ, Brown C, Cutler JA, Higgins M, Horan MJ, Labarthe D.
Prevalence of hypertension in the US adult population: results from the Third National Health
and Nutrition Examination Survey, 1988–1991. Hypertension 1995; 25:305–313.

81. Multiple Risk Factor Intervention Trial Research Group. Multiple Risk Factor Intervention
Trial: risk factor changes and mortality results. JAMA 1982; 248:1465–1477.



4

The Australian National Blood
Pressure Study 1973–1979

RALPH READER

National Heart Foundation of Australia, Canberra, Australia

I. INTRODUCTION

The Australian National Blood Pressure Study (ANBPS) was a randomized, placebo-con-
trolled, single blind, therapeutic trial of antihypertensive drugs in mild, uncomplicated
hypertensive subjects conducted in four centers. It was undertaken by the National Heart
Foundation of Australia to provide guidelines for its community and professional pro-
grams. The Foundation received much encouragement and financial support from govern-
ment and private research organizations. Screening of 104,171 subjects was carried out
between June 1973 and December 1975; 3427 subjects were entered in the trial, which
was completed on March 5, 1979 when significantly fewer trial endpoints were found in
the actively treated subjects. The primary results were published in 1980 (1), 1981 (2),
1982 (3), and 1984 (4).

II. BACKGROUND

Through the 1950s and 1960s, management of hypertension had been transformed. The
groundbreaking paper by Paton and Zaimis in 1948 (5) demonstrated a credible pharmaco-

The author acknowledges, with thanks, permission of editors of the journals to use material from the original
papers and to reproduce the following figures and tables: The Lancet, Fig. 2, Tables 1, 2, 4, 6–12, 17–20;
Medical Journal of Australia, Tables 13, 14; Clinical Science, Tables 15, 16; and Circulation, Figures 3, 4 and
Tables 21, 22.
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logical basis, and Arnold and Rosenheim in 1949 (6) confirmed that the ganglion blocking
agent, pentamethonium iodide, given parenterally, was clinically effective although sub-
ject to adverse effects, particularly significant hypotension. There followed a brief period
of doubts and reservations about practicality and safety (7). Smirk’s two letters to the
Lancet (8,9), reporting successful treatment of 80 patients by subcutaneous injections two
to three times daily for periods up to nine months and of 130 patients, some given the
bromide salt orally, 37 of whom had severe and 9 malignant hypertension, set the scene
for one of the most remarkable advances in therapy in medical history.

The fall in blood pressure levels, the relief of congestive cardiac failure, cardiomeg-
aly, and retinal hemorrhages were obvious to the most skeptical observers. The increasing
use of antihypertensive drugs, the development of safer alternative preparations, the results
of five small therapeutic trials conducted in the 1960s, and the fall in mortality rates from
cerebrovascular disease in many countries followed (10). In the 1960s, only patients with
severe or symptomatic hypertension were treated by antihypertensive drugs. The conven-
tional wisdom was that patients with milder forms were best simply reassured and ob-
served. Paul D. White, speaking in Australia on national radio in 1958, said ‘‘Much high
blood pressure is not serious; it is benign.’’ The feasibility of a public health program to
identify unrecognized hypertension and treat it was not entertained.

The second report of the United States Veterans Administration (VA) Cooperative
Study Group on Antihypertensive Agents (11) reporting significant reduction in hyperten-
sive complications in subjects with diastolic pressures of 90 to 114 mm Hg—‘‘mild hyper-
tension’’—led to urgent review of policy. By 1970, prevalence surveys in Australia and
overseas were showing that 15% to 20% of adults were hypertensive, and of these, 90%
were ‘‘mild,’’ a large majority being unaware of their condition; many who were aware
were not receiving treatment. The VA study suggested they should be. If so, it was part
of the Heart Foundation’s charter to campaign vigorously for this. But there were reserva-
tions about the applicability for hypertensives identified as mild at mass screenings and
of the VA screening criteria that involved a week’s hospitalization and then 2 to 4 months
of placebo tablets testing compliance with drug therapy.

Accordingly, the Foundation appointed a working group in March 1972 with wide
terms of reference to report on ‘‘The need for, feasibility, cost and advantages of a screen-
ing program for symptomless hypertension.’’ The members were Professor H.M. Whyte,
Australian National University (chairman); Professor Austin Doyle, University of Mel-
bourne, who had been assistant to Smirk in his pioneering studies on the methonium
antihypertensive drugs (rapporteur); Professor Richard Lovell, University of Melbourne
who had led a community survey in Albury (12); Dr. M.G. McCall, University of Western
Australia, a principal in the Busselton Community Health Surveys in that state (13); Dr.
John McPhie, President, Cardiac Society of Australia and New Zealand, Adelaide; Dr.
Peter Leighton, Melbourne, representing The Royal Australian College of General Prac-
tice; and myself, Medical Director and CEO, National Heart Foundation. Dr. Ron Prineas,
statistician of the University of Melbourne, was recruited.

The group submitted a report in August 1972. The report reviewed and confirmed the
observations and reservations referred to above. It recommended a multicenter screening
program involving 43,000 subjects, in a three-step screening regimen at 2-week intervals
to identify subjects with diastolic blood pressure (DBP) of 95 mm Hg or higher. Those
with pressures of 110 mm Hg and higher would be referred to their doctors with documen-
tation. Those with pressures of 95 to 109 mm Hg would be invited to participate in a 5-
year therapeutic trial of antihypertensive drug treatment.
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The report included draft protocols for screening and for conducting a 5-year thera-
peutic trial in men and women aged 30 to 69 with mild, uncomplicated hypertension. It
proposed that the trial should test the hypothesis that treatment will reduce endpoints by
30% with confidence levels of 95% in a positive result and 90% in a negative result. It
estimated that 43,700 subjects should be screened to provide 2400 mild hypertensive sub-
jects after allowing 70% recruitment at first screening, dropout rate of 50% over five years,
loss due to spontaneous fall in pressure during prerandomization visits, and loss of 10%
due to exclusion factors. Estimates of resources required were based on six centers in four
capital cities and two country towns, with salaried staffs appropriate to subject numbers,
but including full time director (medical graduate), nurses and secretary, and during the
screening phase, additional sessional nurses and cardiologists. Suggested costs were of
the order of $A185,000 including screening in the first year and $A129,000 in each subse-
quent year, a total of $A701,000. At the start of the study in early 1973, $A1.00 was
equivalent to $US1.415.

The recommendations were debated in the Medical Advisory Committee and by the
Board of Directors at its meeting in September 1972. There was general support in princi-
ple with reservations that conducting such a research project was not appropriate for the
Foundation, whose role was essentially to support the traditional research community by
project and training grants. Furthermore the amount of money involved was disproportion-
ate to the annual budget of $A700,000, two-thirds of which, or $A466,000, was allocated
to the research program. There was anxiety that undertaking the trial would seriously
prejudice the traditional grants program that was already overstretched. By good fortune,
an unexpected, one-off and uncommitted grant of $A250,000 had been received from the
Federal Government earlier in the year. Approaches were made to four funding bodies to
participate in sponsorship; all agreed and continued to do so until clinics closed in 1980.

With the support of those organizations, the Foundation decided, in February 1973,
to undertake the management of the trial and to underwrite it. Much preparatory work
had been done, including a supplementary report by the working group, the seven members
of which formed the nucleus of a management committee of 13. The others were Dr.
Gaston Bauer, cardiologist in Sydney; Dr. Ken Edmondson, secretary of the National
Health and Medical Research Council; Dr. T.H. Hurley, representing the Royal Austral-
asian College of Physicians; Professor Paul Korner, Director of the Hallstrom Institute of
Cardiology, Sydney; Mr. Douglas Oldfield of the Foundation’s National Finance Commit-
tee; and Professor Michael Rand of the Department of Pharmacology, University of Mel-
bourne.

A protocol for the study based on the recommendations of the working group was
drawn up. The preamble referred to the effective pharmacological treatment currently in
use for severe hypertension demonstrated by clinical experience and therapeutic trials. It
went on, ‘‘These observations have clearly indicated that significant benefits may occur
from finding unrecognized hypertensives in the community and treating them efficiently.
However, they leave unanswered whether treatment is beneficial in mild hypertension
(casual DBP less than 110 mm Hg). This project has been designed to provide answers
to this question.’’

III. SCREENING

Screening was carried out in four centers, one in Perth, one in Sydney, and two in Mel-
bourne. The primary factor determining entry of subjects into the trial was blood pressure.
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Measurement was usually done by nurses whose training in all centers was conducted by
the coordinating center director, Dr. John Abernethy, based in Canberra. Random Zero
sphygmomanometers (14), with cuffs 12 � 22 cm, were used throughout the trial, and
pressures throughout were recorded as the mean of two readings after sitting for 5 minutes,
using disappearance of Korotkoff sounds for DBP. There were two screening visits, S1
and S2, at 2-week intervals in community halls, a ‘‘Heartmobile’’ bus, or the clinic head-
quarters; the mean of the two visits was taken as the ‘‘screening pressure.’’ Subjects with
pressures within defined mild limits (95 mm Hg � DBP � 110 mm Hg and SBP � 200
mm Hg), who were not excluded for other reasons, were given appointments to attend a
laboratory for pathology tests and electrocardiogram (ECG), and to attend a further exami-
nation at the study clinic, the C1 visit. Throughout the trial, blood was sent for testing to
a single laboratory in Melbourne. If no further exclusion factors were found, the subjects
were randomized, with stratification for age and sex, by drawing of envelopes prepared
at the coordinating center in Canberra. After randomization, pressure was again measured
if DBP was still 95 mm Hg or higher, and subjects were commenced on a randomized
tablet regimen. If below threshold, tablets were withheld, but subjects continued in the
trial routine; tablets commenced if and when pressure exceeded the threshold. Progression
of subjects through the screening process and the C1 clinic visit, with numbers excluded
at each stage, are shown in Fig. 1 and the exclusion factors in Table 1.

The first center, under the direction of Austin Doyle, in an outer Melbourne suburb
of some 25,000 people, commenced screening on June 8, 1973. Attendance was greatly
assisted by members of the local Rotary club; 18,029 had attended when the operation
was completed in December 1973. A second center was started in an inner city suburb
of Melbourne on August 7, 1973 under the direction of Richard Lovell to coincide with
a compulsory X-ray screening for tuberculosis. All in the designated age group in the area
were invited by letter to attend the Heartmobile parked alongside the X-ray screening
vehicle. The operation was completed on December 5, when 15,900 had attended. A third
center started in Perth on September 3, the cohort being groups of office and factory
workers and hospital staff. By January 1974, 4164 of the target 6000 had been screened.
The fourth center in Sydney, under the direction of Gaston Bauer and Paul Korner, com-
menced a pilot program for workers of the postal department in November 1973 with
plans to start the main effort in the general community in the outer city suburb of Hornsby
in April 1974.

Progress was reviewed at six months when screening of 31,000 individuals was
completed and 1300 (4.2%) had been randomized (15). To achieve the target of 3200 trial
subjects, 50% more than the requirement determined theoretically (16), the management
committee estimated that screening of 80,000 subjects would be necessary. This figure
was revised upward on several occasions during the screening process, which continued
until December 1975 when 3931 subjects had been randomized.

No attempt was made to evaluate the various methods of screening, but it was clear
that the Australian community would respond readily if invited. Of the total 104,171
screened, 22,225 (21.3%) were found, at S1, to be hypertensive, that is, above the mild
hypertension threshold, or on antihypertensive medication. Of the latter, 7611 (7.3%) of
the total screened and 34.2% of all hypertensives knew they had hypertension and were
on treatment for it (Fig. 1). Of those on treatment, just over half were normotensive. These
figures were roughly similar to findings in two recent surveys in two Australian country
towns (12,13).
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Fig. 1 Recruitment procedure.



66 Reader

Table 1 Exclusion Factors

Visit Exclusion factors

1st screening On treatment for hypertension in past 3 months
2nd screening Angina pectoris by Rose Questionnaire (19)

History of myocardial infarction in past 3 months
History of stroke
Pregnancy
Taking estrogen and progesterone in combination
Asthma, diabetes, gout

Clinic Primary cause of hypertension
Evidence of cerebrovascular disease, transient cerebral ischemic attacks,

acute coronary insufficiency, angina pectoris, plasma creatinine �2 mg/dl*
Other serious complications of hypertension
ECG evidence of myocardial ischemia
Any potentially fatal disease
Taking tricyclic antidepressants

* �177 µmol/L.

IV. THE TRIAL COHORT

There were 3931 men and women age 30 to 69 years with screening blood pressures (the
average of four readings at S1 and S2) within the defined mild limits and who met all
other requirements of the trial (Table 1). These were randomized into active and placebo
groups on attending the C1 clinic. Of those so randomized, 504 were found to be normoten-
sive at C1 and remained normotensive up to the final censoring date and, according to
protocol, were not included in the final cohort.

Thus, there were 3427 trial subjects who had not been taking antihypertensive drugs,
had no evidence of hypertensive complications or other condition likely to prejudice their
continued participation in the trial, and who started on tablets at C1 or subsequently. All
had signed a consent form that included an account of the nature of the trial. All were aware
that the tablets to be given might be active or inactive. The numbers and characteristics of
the subjects in the active and placebo groups are shown in Table 2.

V. MANAGEMENT AND METHODS

Supervision and management of all subjects were carried out in clinics located at a hospital
central to the district in which screening had taken place. Each clinic was staffed by a
full-time salaried medical graduate, trained nurses, and a secretary. Pressures were taken,
as for screening, with additional readings taken while standing. The mean of the two sitting
readings was the index of the subject’s progress. The clinic directors were responsible for
administering and varying the antihypertensive tablets, or placebo equivalents, throughout
the trial. They were aware of each patient’s treatment category. All subjects were started
on one 500 mg chlorothiazide tablet or the placebo equivalent daily according to their
randomized group. If necessary, chlorothiazide was increased to 500 mg twice daily and
second- and third-order drugs were given. The schedule for introducing second and lower
order drugs is shown in Table 3. Subjects were seen at the clinic at 2-weekly intervals in
the initial stage until pressures of the active subjects fell below 95 mm Hg. Thereafter,
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Table 2 Comparability of Active and Placebo Groups: Characteristics at Entry

Active Placebo

No. Mean (SD) No. Mean (SD)

Total subjects 1721 1706
Age (yr) by 10–yr groups: 30–39 229 223

40–49 546 514
50–59 653 680
60–69 293 289
Mean age 50.4 (9.0) 50.5 (8.9)

Sex Male 1085 1085
Female 636 621

Screening DBP mm Hg 95–99 799 814
100–104 589 589
105–109 332 303
Mean screening
DBP mm Hg 100.5 (4.0) 100.4 (3.8)

Screening SBP mm Hg 157.7 (15.0) 157.1 (14.4)
Serum cholesterol mg/dl* �220 691 742

�220 1030 964
Mean mg/dl 231.9 (44.5) 229.8 (44.0)

Smoking Nonsmokers 1303 1267
Smokers 418 439

Serum uric acid mg/dl† 5.5 (1.4) 5.5 (1.4)
Weight (g)/height2 (cm) 2.7 (0.4) 2.7 (0.4)
Myocardial infarction be-

fore 3 months 6 8

* 220 mg/dl � 5.69 mmol/l.
† 5.5 mg/dl � 327 µmol/l.
Abbreviations: SD, standard deviation; DBP, diastolic blood pressure.

subjects were asked to attend at 4-monthly intervals. The object was to maintain DBP of
the active treatment patients below 95 mm Hg, but 90 mm Hg was to be regarded as
optimal and after two years, the level was lowered to 80 mm Hg. A file for each subject
was kept at the clinic and data for each visit was transferred to standardized forms, sent
to the Coordinating Center, and entered on computer files.

Efforts were made to match the number and types of tablets and frequency of clinic
visits of placebo subjects to those of the active treatment group. At the outset, an estimate
was made that 66% of all active subjects would require first-order tablets only throughout
the trial, 22% would require second order, and 11% would require third-order tablets.
Placebo subjects, therefore, were allocated to tablet regimens in those proportions as part
of the randomization procedure at C1. The percentages were 28%, 49%, and 18%, respec-
tively, for the active and 59%, 33%, and 10% for the placebo group.

A special procedure was laid down for any subject of the active or placebo regimens
who, at any time through the trial, exceeded 199 mm SBP or 109 mm DBP on three
consecutive visits in a 6-week period. These were designated pressure limits exceeded
and were given active tablets to reduce pressure to optimal levels. They continued in the
routine of the trial and continued to be counted in their original randomized group.
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Table 3 Recommended Procedure for Altering Active Drug Regimens

Order of introduction

Austin All other Tablet Maximum
Drug Code Hospital centers size daily dose

Chlorothiazide A 1 1 500 mg 1000 mg
Methyldopa C 3 2 250 mg 2000 mg
Propranolol F — 3 40 mg 320 mg
Prindolol H 2 — 5 mg 30 mg
Clonidine K 4 4 150 mg 900 mg
Hydralazine M 5 5 10 mg 200 mg

or 50 mg
1. Criteria for introducing a higher order drug into a regimen—DBP

DBP 90 mg Hg or greater at a follow-up clinic despite maximum doses of drugs in existing
regimen.

2. Failure of approved therapy
a. Providing the DBP remains in the range 95–109 mm Hg and the SBP is less than 200

mm Hg and list of approved drugs had been exhausted, no further action is necessary.
The subject continuing with maximum doses of approved drugs.

b. If the DBP exceeds 109 mg Hg or the SBP exceeds 199 mm Hg at any follow-up visit,
the criteria for withdrawal—pressure limits exceeded—would apply, criteria limits ex-
ceeded would apply, namely, critical limits exceeded on 3 consecutive occasions in a 6-
week period. Providing the list of approved drugs had not been exhausted, there would
still be a grace period of at least 4 weeks in which to find an effective regimen.

Drugs approved so far are listed along with information on codes, order of introduction, tablet size, and maximum
daily doses.

The management committee was responsible for the overall conduct of the study
and for reporting the results. The committee was not aware of the blood pressure or treat-
ment regimen of any subject during the study. It was thus ‘‘blind.’’ Much thought was
given to ethical considerations, and patient confidentiality and safety were the responsibil-
ity of an ethics committee. The terms of reference were: (a) protection of patients’ inter-
ests; (b) termination of the trial in the event of a positive or negative answer emerging
from the ANBPS; (c) surveillance of results from overseas trials. All trial endpoints (Table
4) were reviewed by the ethics committee with full knowledge of the subjects’ treatment
category. A statement was drawn up detailing possible breaches of confidentiality at the
verbal, written, or computer level, and measures taken to avoid them. All personnel of
committees and staff were required to sign a document acknowledging confidentiality
measures. At one stage, I received a visit, unannounced, from the chairman of the Law
Reform Commission of New South Wales asking for details of our ethical standards. He
seemed satisfied and we remain friends to this day. He is now a Justice of the High Court
of the Commonwealth.

Two other decision-making committees were formed. An ECG committee was based
in Sydney. Criteria of myocardial infarction were those defined by the WHO Fifth Work-
ing Group for ‘‘Ischaemic Heart Disease Registers,’’ Copenhagen, April 26–29, 1971
(17). Precise T-wave changes for chronic ischemia, including those of left bundle branch
block, were defined. A trial endpoint review committee was based in Adelaide. Fatal and
nonfatal endpoints were defined (Table 4) and diagnostic criteria laid down. Details of a
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Table 4 Trial Endpoints

Endpoints

Fatal Death from any cause (cause of death specified)
(a) cardiovascular*
(b) other

Nonfatal Thrombotic or hemorrhagic cerebrovascular disease
Transient cerebral ischemic attacks with observed neurological signs
Myocardial infarction by WHO category I or II
Other ischemic heart disease by Rose Questionnaire or defined ECG criteria
Congestive cardiac failure
Dissecting aneurysm of the aorta
Retinal hemorrhages, exudates, or papilledema
Hypertensive encephalopathy
Onset of renal failure with plasma creatinine above 2 mg/dl†

* Cardiovascular deaths are limited to those caused by the conditions listed under nonfatal trial endpoints.
† 177 µmol/l.
Abbreviations: WHO, World Health Organization; ECG, electrocardiogram.

subject with a suspected trial endpoint were referred by the clinic directors to this commit-
tee for decision and classification. Both the ECG committee and the trial endpoint review
committee were ‘‘blind’’ to the subjects’ treatment group.

The study was thus a randomized, single-blind, placebo-controlled trial in which
the subjects were ‘‘blind’’ and the management committee, the trial endpoint review com-
mittee, and the ECG review committee were also ‘‘blind.’’ The ethics committee and the
clinic directors were not, a measure considered necessary for the safety of the subjects
and for the efficient management of their blood pressures. It was a comparison of two
management regimens for the care of subjects found to have mild hypertension: one to
commence antihypertensive drugs on diagnosis, the other to keep the subject under regular
surveillance, but to commence antihypertensive drugs should pressure rise above mild
limits.

The clinic directors could vary the intervals between visits, if indicated. All subjects
were followed up for the duration of the trial, if possible. At each clinic visit, subjects
were classified as either:

(A) Failed to attend. This led to: a letter, a second letter, a telephone call at home
and at work, a telephone call to the family doctor, and finally, a home visit. The object
was to obtain information about a possible trial endpoint, future attendance, or for classifi-
cation as premature withdrawal and reason for withdrawal. Reasons for withdrawal were
defined in detail but under the general headings of ‘‘clinic initiated,’’ ‘‘patient initiated,’’
or ‘‘local doctor initiated.’’ Subjects were withdrawn by the clinic directors if for any
reason they did not take tablets or took the wrong tablets for four months. For subjects
who were not taking tablets, this period of grace was 8 months. If all these procedures
were unproductive, a subject was classified ‘‘premature withdrawal-lost.’’ Immediately
after the final censoring date, March 5, 1979, two further efforts were made to determine
the occurrence of endpoints in this group. A search was made in each state Registrar
General’s records for death certificates, and secondly, an approach was made to the Federal
Electoral Office to find the current address of the missing subjects. The Office could not
agree to this but volunteered to identify them in their records and write conveying our
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Table 5 Schedule of Biochemistry Tests

At 4-monthly
At C1 visit visit At annual visit

Serum uric acid x x
Serum potassium x x x
Serum creatinine x x
Serum cholesterol x x
Urine protein x x
Urine glucose x x
Urine blood x x

request for them to contact the clinics. These measures retrieved some data but in the
final count, there were 88 subjects, 42 in the active and 46 in the placebo groups, for
whom no data on occurrence of endpoints were available.

(B) Reached a trial endpoint. If the clinic director suspected that an endpoint may
have occurred, the case was referred to the trial endpoint review committee, which made
the decision.

(C) Classified and managed as pressure limits exceeded.
(D) Continuing. For those continuing, tablet counts and enquiry as to compliance

were made and encouragement given, drug intolerance and postural hypotension were
investigated and tablet modification implemented, a blood sample for potassium estimation
was taken, and a further 4-monthly appointment given. A full clinical, biochemical, and
ECG examination was made at the clinic visits nearest to the yearly intervals from the
subject’s entry into the trial. The schedule for biochemistry tests is shown in Table 5.

VI. STATISTICAL ASPECTS

It was estimated in the protocol that 2428 trial subjects would be required. To allow for
imprecision in this estimate, a target of 3640 subjects was set. In all, 3931 persons were
randomized, but of these, the 504 referred to above who did not start on tablets were not
included in the analysis of the main results. Thus, the trial cohort of the study was 3427.

The trial endpoint rates have been calculated per 1000 person-years of exposure to
risk. To calculate whether there were significant differences between subjects of the active
and placebo groups, exact significance levels were determined by calculating the relevant
binomial probabilities under the hypothesis that the number of trial endpoints was propor-
tional to the exposure to risk. Where appropriate, the significance of the differences was
also calculated by the Cox proportional hazards method (18), which uses individual times
to failure, or censoring, instead of the total exposure to risk. The two methods gave good
agreement; the latter, however, indicated higher levels of significance. In the accompa-
nying results, ‘‘not significant’’ refers to significance at the 5% level.

The outcome of the trial was examined in two ways. In the first, account was taken
only of trial endpoints occurring while subjects were continuing their regimen—the on
treatment analysis. In the second, account was taken of endpoints occurring while subjects
were continuing or after they had stopped their treatment regimen—the intention to treat
analysis. The rationale for these two approaches is considered later.
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Data up to the censoring date, March 5, 1979, were entered into the record. On that
date, virtually all subjects who had not been withdrawn had forward appointments to the
clinics, which remained operative until December 31, 1979 for final examinations and
recording of trial endpoints up to censoring date. A standard letter was sent to all local
doctors and instructions given to subjects to facilitate an effective transfer. A newsletter
was sent to all participants. Four 4-drawer filing cabinets of records, protocols, and minutes
of meetings were stored in the archives of the National Heart Foundation in Canberra,
including individual patient files. The latter, and much other material, was destroyed ten
years later. The two major computer files and several subsidiary data files were stored
with Social Science Data Archives of the Australian National University.

VII. TERMINATION OF THE TRIAL

There could be three indications for termination of the trial:

1. Completion of each subject’s 5-year period in the study. (The last subject would
complete the five-years in November 1980)

2. Because the ethics committee presented an ethical reason
3. Because the results of the trial indicated that significant answers were already

available

The latter decision must rest with the management committee but could arise from a
recommendation from the ethics committee. However, it must not result from repeated
‘‘looks’’ at the results. In fact, the decision was taken by the management committee at
its meeting of March 5, 1979, when it looked, for the first time, at results censored at
October 26, 1978.

The events leading to the decision were as follows: the ethics committee, at its
regular meeting on October 9, 1978, considered data presented by the statistician concern-
ing 201 trial endpoints and average duration of the study for all of the study cohort of
3.5 years. A trend was present that suggested that a result was in sight. The chairman
wrote to the management committee to this effect. He emphasized that the trend was of
marginal significance at the 5% level and that it did not pose an ethical problem, that the
ethics committee proposed to review the situation early in 1979 and recommended that
consideration should be given to plans for ensuring an eventual smooth return of subjects
to their usual medical care.

No indication was given as to the direction in which the trend tended.
The management committee, at its meeting of October 19, therefore decided that

the trial should continue but that a comparison of endpoint rates by the binomial and Cox
methods should be undertaken using data as of October 26, 1978. It appointed a subcom-
mittee of Lovell, Reader, and Whyte to meet with the coordinating center staff to consider
updated results and recommend either that:

1. The study should continue, in which case the management committee should
remain ‘‘blind,’’ but the three members of the subcommittee should withdraw
from it until a final censoring was effected, or

2. The study should be terminated

The subcommittee received data at censoring date October 26, 1978, by which time a
further 38 trial endpoints had been processed. It met twice, on October 30, 1978, and
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January 31, 1979, and presented a lengthy report on trends between active and placebo
groups by various trial endpoint categories and subsets of patients to the management
committee at its meeting of March 5, 1979, thereby committing that group to a decision
to terminate the trial.

It did so, setting the final censoring date as the date of the meeting and setting in
motion procedures for the scheduled visits over the following months of all subjects,
recording their status as of March 5, 1979, tracing lost subjects, returning subjects to their
own doctors with appropriate documentation, preparing final analyses, and reporting the
results. The decision to stop the trial was thus taken after a single examination of results
by the management committee.

VIII. RESULTS

The main results of the trial were published by the management committee in The Lancet
on June 14, 1980 (1). The paper presented the outcome in the 3427 subjects who were
started on a tablet regimen. There were 62 subjects in the active and 46 in the placebo
group who, at various stages through the trial and by mistake, were not started on their
randomized regimen within four months of becoming eligible. According to protocol, they
were included in the trial cohort but withdrawn after the 4- or 8-month period of grace.
They accounted for one endpoint in the active and five in the placebo group, all of which
occurred after withdrawal.

Comparison of active with placebo subjects in terms of characteristics at entry,
length of time in the study, and person-years of exposure are shown in Tables 2 and 6.
The attempt to match numbers of visits and tablets taken was only partially successful.
In all other respects, the two groups were well matched.

The status of the trial cohort at the final censoring date is shown in Table 7. One
third, 1209, were prematurely withdrawn from the regimen and of these, 88 were lost to
follow-up, 42 in the active and 46 in the placebo group. The similarity between number

Table 6 Comparability of Active and Placebo Groups: Experience Through Study

Active Placebo

Average follow-up (yr):
Intention to treat 4.06 4.03
On treatment 3.08 3.04

Person-years of exposure to risk:
Intention to treat 6991 6868
On treatment 5294 5182

Mean number of visits to clinic:
Intention to treat 16 14
On treatment 14 12

No. of subjects taking antihypertensive drugs or corresponding pla-
cebo:*

One only 492 903
Two only 853 575
More than two 314 182

* Does not include 62 of active group and 46 of placebo group who did not start tablets.
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Table 7 Status of the Trial Population at End of Study

Active Placebo Total

No. % No. % No. %

Continuing on regimen:
Trial endpoints 91 5.3 127 7.4 218 6.4
No trial endpoints 1047 60.8 953 55.9 2000 58.4

Total 1138 66.1 1080 63.3 2218 64.7
Prematurely stopped regimen:

Trial endpoints after stopping 47 2.7 41 2.4 88 2.6
No trial endpoints 494 28.7 539 31.6 1033 30.1
Lost to follow-up 42 2.4 46 2.7 88 2.6

Total 583 33.9 626 36.7 1209 35.3
1721 100 1706 100 3427 100

of trial endpoints after stopping regimen—88—and the 88 subjects lost to follow-up are
coincidental.

Comparison of active with placebo subjects who were prematurely withdrawn in
terms of entry characteristics, reasons for stopping, trial endpoint rates and person-years
of exposure to risk is shown in Table 8, and the numbers and types of endpoint occurring
after stopping are shown in Table 9. There was a higher proportion of smokers in the
subjects withdrawn (29%) than in those who continued (23%) and a higher proportion of

Table 8 Characteristics of Subjects Prematurely Withdrawn

Active Placebo

No. Mean (SD) No. Mean (SD)

Total 583 ??? 626 ???
Age (yr) 49.5 (9.6) 49.8 (9.1)
Sex:

Male 335 362
Female 248 264

Screening DBP (mm Hg) 100.2 (3.9) 100.3 (3.8)
Screening SBP (mm Hg) 156.3 (14.7) 157.4 (14.5)
Smoking:

Smokers 159 ??? 190 ???
Nonsmokers 424 436

Serum cholesterol (mg/dl)* 229.9 (45.0) 229.6 (44.6)
Reasons for stopping:

Clinic withdrawal 121 97
Subject withdrawal 310 288
Local doctor withdrawal 110 ??? 195 ???
Not known (lost) 42 46

Trial endpoint rates per 1000 person-years 20.5 16.3
Person-years of exposure to risk 2288 2518

* 230 mg/dl � 5.95 mmol/l.
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Table 9 Numbers of Trial Endpoints by Diagnostic Category

In premature
A withdrawals

Intention to B after stopping
treat On treatment (A–B)

Active Placebo Active Placebo Active Placebo

Ischemic heart disease:
Fatal 5 11 2 8 3 3
Nonfatal

(a) myocardial infarction 28 22 18 17 10 5
(b) others 65 76 50 63 15 13

Total 98 109 70 88 28 21
Cerebrovascular events:

Fatal 3 6 2 4 1 2
Nonfatal

(a) hemorrhage or thrombosis 10 16 7 13 3 3
(b) transient cerebral ischemic

attacks 4 9 3 8 1 1
Total 17 31 12 25 5 6

Other fatal:
Aortic aneurysm 0 1 0 1 0 0
Noncardiovascular

(a) neoplasm 9 8 1 2 8 6
(b) other 8 9 4 4 4 5

Other nonfatal:
Retinopathy 2 5 1 4 1 1
Congestive cardiac failure 3 3 2 1 1 2
Renal failure 1 2 1 2 0 0

Total 138 168 91 127 47 41

women (42%) than men (34%). It seemed unlikely that factors associated with premature
withdrawal biased the results.

Differences in occurrence of all trial endpoints and all fatal endpoints between the
active and placebo groups emerged early and the cumulative occurrence in subjects contin-
uing on their regimen is shown in Figure 2. The differences were analyzed by Cox’s
method and were significant for all events (P � 0.01) and all deaths (P � 0.05) in the
on treatment analysis. The incidence of endpoints and rates per 1000 person-years of
exposure for the active and placebo subjects are shown in Table 10. In both modes of
analysis, the total endpoints and cardiovascular deaths were significantly lower in the
active than in the placebo subjects. Rates for nonfatal endpoints and for total deaths were
significantly lower only in the on treatment analysis. There were seven fewer endpoints
and two fewer deaths per 1000 person-years in actively treated subjects who adhered to
their medication. There were fewer endpoints in the active compared with the placebo
subjects in men, 67 versus 91 (P � 0.05) and women, 24 versus 36 (P � 0.058). However,
in a multivariate analysis of prognostic factors influencing treatment effect that was re-
ported some years later (4), and described in this chapter, a more powerful model using
the Cox proportional hazards method showed the benefit of treatment in women to be
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Fig. 2 Cumulative incidence of trial endpoints.

significant, P � 0.044. Trial endpoints in subjects younger than age 50 were 22 versus
31 (NS) and older than age 50, 69 versus 96 (P � 0.025). The effect of these and other
covariates were examined in detail in a later paper (4).

The numbers of trial endpoints in individual diagnostic categories are shown in
Table 9. Two-thirds were due to coronary heart disease, mostly nonfatal events that oc-
curred in similar numbers in active and placebo subjects. Less than half as many deaths
from coronary heart disease occurred in the active as in the placebo subjects in both on
treatment and intention to treat analyses; the difference was just short of significance
(P � 0.051) in the former. There were half as many cerebrovascular events in the active
compared with the placebo subjects. This was so for both fatal and nonfatal strokes and
for transient ischemic attacks with observed neurologic signs. The difference was signifi-
cant for all cerebrovascular events (P � 0.025) and for all nonfatal events (P � 0.05).
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Table 10 Incidence of Trial Endpoints*

Intention to treat On treatment

Active Placebo Active Placebo
n � 1721 n � 1706 n � 1721 n � 1706

No. Rate No. Rate No. Rate No. Rate

Fatal TEP
Cardiovascular 8 1.1 18 2.6‡ 4 �0.8 13 2.5‡
Noncardiovascular 17 2.4 17 2.5 5 0.9 6 1.2

Total fatal 25 3.6 35 5.1 9 1.7 19 3.7†
Nonfatal TEP 113 16.2 133 19.4 82 15.5 108 20.8‡
All TEP 138 19.7 168 24.5† 91 17.2 127 24.5§

* Rates per 1000 person-years exposure to risk.
† P � 0.05;
‡ P � 0.025;
§ P � 0.01.
Abbreviation: TEP, trial endpoint.

Noncardiovascular deaths occurred with similar frequency in the active and placebo
groups.

IX. BLOOD PRESSURE LEVELS

The average of all DBP readings for each subject during the trial regimen was taken as
an index of response of blood pressure to the regimen. The results are shown in Table
11. In both active and placebo groups, the mean of the average DBPs while on tablets
was lower than the screening DBP, and the higher the screening pressure the greater the
fall. For each screening DBP class, the fall was greater in the active group, ranging from
9.7 to 16.5 mm Hg, than in the placebo group, ranging from 5.0 to 9.2 mm Hg. Further
aspects of blood pressure trends, particularly the fall in pressure in placebo subjects, were
considered in a later paper (3).

Table 11 Blood Pressure Levels Throughout the Trial

Mean of
average DBP

Mean of mm Hg while Mean of
Screening No. of screening on trial fall† in
diastolic subjects* DBP mm Hg regimen DBP mm Hg
pressure
(mm Hg) Active Placebo Active Placebo Active Placebo Active Placebo

95–99 756 763 96.9 97.0 87.2 92.1 9.7 5.0
100–104 558 563 101.9 101.9 88.8 94.5 13.1 7.4
105–109 320 291 106.7 106.7 90.2 97.5 16.5 9.2

Total 1633 1617 100.5 100.4 88.3 93.9 12.2 6.6

* This table does not include the 176 subjects who did not have any blood pressure readings after entry.
† Difference between screening DBP and average DBP.
Abbreviation: DBP, diastolic blood pressure.
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Table 12 Trial Endpoint Rates by Average DBP on Trial Regimen and According to
Screening DBP Class*

Screening
DBP
(mm Hg) 95–99 100–104 105–109

Average No. of No. of No. of
DBP subjects Rates† subjects Rates† subjects Rates†
(mm Hg) A P A P A P A P A P A P

�90 543 255 12.1 20.5 335 121 17.6 14.7 166 31 12.2 0
90–94 144 244 24.8 15.7 142 174 14.4 17.8 84 64 19.9 12.3
95–99 46 183 69.8 24.6 48 146 38.4 19.3 49 83 58.4 25.4
�100 23 81 0 46.2 33 122 0 62.2 21 113 131.6 64.6

Total 756 763 15.6 22.3 558 563 17.5 24.5 320 291 20.7 30.5

* This table does not include 176 subjects who did not have any blood pressure readings after starting trial
regimen.
† Rates per 1000 person-years.
Abbreviation: DBP, diastolic blood pressure.

The relationship of incidence of trial endpoints to average DBP levels is shown in
Table 12. The higher endpoint rate in the placebo group as a whole was consistent with
the fact that only 25% of placebo subjects had average DBPs below 90 mm Hg compared
with 64% of active subjects, and 20% compared to 5% had average pressures above 100
mm Hg. Trial endpoint rates were generally related to average DBP regardless of treatment
regimen or screening pressure.

X. DISCUSSION

Subjects of the active and placebo groups were well matched in prognostic characteristics
at entry, in management through the trial except for the antihypertensive medication, and
in the characteristics at entry of prematurely withdrawn subjects and trial endpoints after
withdrawal. Benefit from antihypertensive treatment was shown in both the on treatment
and intention to treat analyses, tending to negate bias caused by inequalities in withdrawal
patterns. In fact, bias favoring the placebo group may have resulted in the intention to
treat analysis from local doctor-initiated withdrawals from the placebo group to start their
patients on antihypertensive therapy.

The numbers of endpoints were too small to demonstrate significant differences
between active and placebo groups in the various diagnostic categories. Coronary heart
disease was responsible for about 70% of endpoints in both regimens and of these, two-
thirds were relatively soft, fulfilling the criteria for angina pectoris by Rose Questionnaire
(19) or the occurrence of ECG changes defined as ischemic but not fulfilling World Health
Organization (WHO) criteria for myocardial infarction (17). In those continuing on treat-
ment, there were 70 coronary events in the active and 88 in the placebo subjects, and two
compared with eight of these were fatal. Neither difference was significant, although for
the deaths, P � 0.051. Considering the natural history of ischemic disease, a possible
benefit of treatment of mild hypertension, in its prevention, is likely to take longer to
become manifest than for stroke. In this study, the significant reduction in strokes (9 in
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active, 17 in placebo subjects) that had concerned the ethics committee prohibited prolon-
gation of the trial to allow accumulation of sufficient numbers of ischemic events to dem-
onstrate or refute benefit.

The results were generally in line with those of four other trials of antihypertensive
treatment in mild hypertension conducted before or simultaneously with the Australian
study. Four, including the ANBPS, were randomized, blind, placebo-controlled studies
[U.S. Veterans Affairs 1970 (11), U.S. Public Hospitals Study (USPHS) 1977 (20),
ANBPS 1980 (1), the British Medical Research Council (MRC) trial 1985 (21)]. In the
fifth study [U.S. HDFP 1979 (22)], the control subjects were managed by ‘‘usual care,’’
and neither subjects nor management were blinded. The DBP range varied a little, as did
methods and treatments, but the objective of the studies was similar. Considering the
intention to treat analyses, all five studies showed significant reduction of total trial end-
points and of cerebrovascular events in the active or actively stepped care subjects. Four
showed similar reductions in total deaths and cardiovascular deaths; the fifth, the USPHS
study, showed two deaths each in active and placebo groups. With respect to fatal coronary
heart disease, there was a trend in favor of active treatment in four, but the trend was
against in the MRC. For nonfatal coronary heart disease, the HDFP and MRC trials showed
a trend in favor, but the other three did not.

A meta-analysis reported in 1986 (23), which included three other randomized, pla-
cebo-controlled trials (VA-NHLBI, Oslo, and EWPHE) and a multifactorial intervention
study using referred care subjects as controls (MRFIT) showed significant benefits in total
mortality (11%), stroke mortality (38%), incidence of nonfatal stroke (43%), and all
strokes (39%). For coronary heart disease, there were trends in favor of active treatment
for all deaths (8%), nonfatal events (6%), and all events (8%), but none was significant
at the 5% level.

The authors of the meta-analysis concluded,

Collectively the studies indicate a modest but important reduction in mortality in study treat-
ment patients, primarily as a consequence of a substantial reduction of stroke mortality, which
accounted for more than 50% of the total reduction in deaths. The risk of non-fatal stroke
was also substantially reduced by a similar margin to that of fatal stroke. However, the results
of these studies, neither individually nor collectively provide evidence that convinces us of
a reduction in mortality from coronary heart disease or clinically diagnosed non-fatal myocar-
dial infarction, although the HDFP reported a significant reduction of myocardial infarction
assessed by self report. Once again it should be stressed that active treatment in control
subjects in these trials is likely to have reduced the power to detect a significant effect
of study treatments on fatal and non-fatal myocardial infarction.

The final reservation (the emphasis is mine) raises the question of the relative merits of
the intention to treat and the on treatment analyses of the data. The objective of the trials
was to provide guidelines for the control of mild hypertension. Guidelines for whom?
Clearly, public health authorities need to know both the benefit, if any, and the scale of
benefit from a community-based screening and treatment program. This was a primary
objective for the National Heart Foundation of Australia. The intention to treat analysis
addresses these questions directly, taking account of both the effectiveness of the pharma-
cological agents and the compliance of the community. The meta-analysis of McMahon
and his colleagues based on the intention to treat approach shows a ‘‘modest but important
reduction’’ in mortality and stroke incidence, in spite of dilution of such benefits by pla-
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cebo subjects going onto active medication, as the meta-analysis report envisaged they
might, which dilution would be further increased if the active subjects ceased antihyperten-
sive medication after withdrawal. Yet the results of the intention to treat approach pro-
vided evidence in favor of community-based detection and follow-up program.

The intention to treat concept had not been widely implemented in the early 1970s
when the ANBPS was planned. The committee was indebted to Richard Lovell for propos-
ing it and had no difficulty adopting it. An international anticoagulant review group, of
which he was a member, in a meta-analysis of nine controlled trials of anticoagulants in
myocardial infarction, wrote in 1970, ‘‘In other words, we have compared mortality expe-
rience in terms of the original intention in treatment without regard to changes that might
have been made later’’ (24). Careful follow-up and recording of data for withdrawn sub-
jects were features of the ANBPS protocol.

Doctors in practice also look to these studies for guidelines. They need to know if
antihypertensive medication is effective in preventing complications in mild hypertensive
patients, and they will assume that compliance is part of the contract with their patient.
Problems of noncompliance are well known, have been highlighted by these studies, and
can be reduced by good management. The on treatment approach addresses the scale of
benefit in patients who continue on their medication. Bias can arise if there are inequalities
in levels of risk between active and placebo subjects who are withdrawn, thus distorting the
randomization at entry of the two groups. In the Australian study, investigation revealed no
evidence of inequality in risk levels in the withdrawn subjects (Table 8), lending support
to the on treatment analysis.

Thus the intention to treat approach in the Australian study, as well as in the meta-
analysis, provides evidence in favor of both community based detection and follow-up
programs but may well have understated the scale of benefit that may ensue. This benefit
may be nearer to that shown in the on treatment analysis of the Australian study, with
encouragement for doctors in practice to use antihypertensive medication providing they
can maintain compliance in their patients.

XI. ELDERLY SUBJECTS

The main study concerned subjects age 30 to 69. As noted earlier, there were fewer end-
points in the active than the placebo subjects; for those younger than 50, 22 versus 31
(NS) and older than 50, 69 versus 96 (P � 0.025). At the start of the study, stratification
by age had been incorporated in the randomization procedure to test the treatment effect
in age-group subsets. The study fulfilled the requirements for a randomized, placebo-
controlled, single-blind study in the 582 subjects who were age 60 or older on entry.
Because of the special problems perceived at that time for antihypertensive medication
in elderly patients, opportunity also was taken to seek evidence of such problems in this
subset of subjects older than age 60 and covering ages up to 74 by the final censoring
date (2). Active and placebo groups were well matched in characteristics at entry (except
for SBP and serum cholesterol levels in women (Table 13) and in length of follow-up
(3.93 versus 3.81 years) and person-years of exposure to risk (1152 versus 1100). The
proportion of subjects prematurely withdrawn from regimen, 33% from active and 35%
from placebo groups, did not differ from the withdrawal rate in the main study, suggesting
that the subjects tolerated the therapy and other demands of the trial regimen as well as
did their younger counterparts. The occurrence of trial endpoints was higher in the elderly,
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Table 13 Comparability of Active and Placebo Group Characteristics at Entry
in Elderly Subjects

Active Placebo

No. Mean (SD) No. Mean (SD)

Total subjects 293 289
Age 60–64 199 200

65–69 94 89
Mean age 63.6 (2.3) 63.5 (2.3)

Sex Male 161 157
Female 132 132

Screening DBP
(mm Hg) 95–99 136 138

100–104 99 101
105–109 58 50

Mean screening
DBP 100.7 (4.0) 100.4 (3.9)

Mean screening
SBP 166.3 (14.9) 163.9 (14.9)

Cholesterol (mg/dL)
All subjects �220 103 117

�220 190 172
Mean 236.6 (42.2) 231.1 (45.5)

Men �220 80 75
Mean 221.6 (38.6) 218.7 ( 40.5)

Women �220 22 35
�220 110 97
Mean 254.9 (39.2) 246.2 (46.6)

Smoking
Non-Smokers 241 239
Smokers 52 50

Uric acid (mg/dL) 5.5 (1.3) 5.3 (1.4)
Wt (g)/Ht2 (cm) 2.6 (0.4) 2.6 (0.4)
*Myocardial infarction before 3

months 2 1

* No TEPs among these three subjects.
Abbreviations: SD, standard deviation; DBP, diastolic blood pressure; TEP, trial endpoint.

14.6% (Table 14), than in the main study, 8.9%, as would be expected. There were fewer
endpoints in the active than in the placebo subjects in both intention to treat and on
treatment analyses, the difference being considerably greater in the latter, 30.99 versus
50.82 per 1000 person-years, P � 0.025. This was the only comparison that reached
significance.

The cumulative difference in incidence of total endpoints analyzed by the Cox
method showed a similar pattern to the main study, P � 0.025. The mean fall in DBP
through the trial was 13.4 mm Hg for the active and 6.7 mm Hg for placebo subjects; the
mean difference in average DBP between the regimens was 6.3 mm Hg. Although women
had similar DBP to men at entry, they had higher SBP (168.7 versus 164.4 mm Hg,
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Table 14 Incidence of Trial Endpoints in Elderly Subjects*

Intention to treat On treatment

Active Placebo Active Placebo
no. Rate no. Rate no. Rate no. Rate

Fatal TEP
Cardiovascular 2 1.74 5 4.55 2 2.30 4 4.84
Noncardiovascular 5 4.34 4 3.64 1 1.15 1 1.21
Total fatal 7 6.08 9 8.18 3 3.44 5 6.05

Nonfatal TEP 30 26.05 39 35.46 24 27.55 37 44.77
All TEP 37 32.13 48 43.64 27 30.99 42 50.82†

* Rates per 1000 person-years exposure risk.
† P � 0.025.
Abbreviation: TEP, trial endpoint.

respectively, in the active and 165.9 versus 162.2 mm Hg in the placebo subjects). These
differences may have argued against a benefit from treatment in women. There was also
a possible bias against women with a higher serum cholesterol level at entry, 254.9 in
active versus 246.2 mg/dl in placebo subjects, which emerged in spite of the randomization
process.

XII. DRUG SIDE EFFECTS

In the main study, at each follow-up visit subjects were asked if they had experienced
any symptoms. If any were volunteered, questions were directed to determining if these
were possibly drug side effects. Although these data were recorded, a formal analysis was
not made at the end of the trial. But a study (25) using the 20-symptom Bullpit and Dollery
questionnaire was made in the Sydney center of subjects of all ages, two years after they
entered the trial. There were 788 subjects of the study cohort, 347 from the active group,
322 from the placebo group, and 119 who had been randomized but not started on tablets
because their DBP did not rise to 95 mm Hg throughout the trial after the two screening
visits, S1 and S2, and for comparison, a group of 229 subjects, who were randomly selected
from the general community and matched for age and sex. The numbers in each group
are shown by age and sex in Table 15 and the incidence of ‘‘significant symptoms’’ in
Table 16. The authors concluded, ‘‘This study demonstrates that there is little justification
to attribute symptoms other than sleepiness or a feeling of depression in women to mild
hypertension or its drug therapy.’’ As stated above, there was no evidence that a preponder-
ance of side effects in the elderly subjects of the main trial led to higher withdrawal rates.

XIII. UNTREATED MILD HYPERTENSION:
BLOOD PRESSURE TRENDS AND OCCURRENCE
OF HYPERTENSIVE COMPLICATIONS

There were 1943 subjects who were randomized to the placebo group at the C1 visit,
including 1706 who started tablets either at the C1 visit or subsequently. The remaining
237 subjects did not start tablets at any time through the study, but in all other respects
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Table 15 Age and Sex Distribution and Details of Drug Therapy in Side Effects Study

Age group (years) Sex distribution
Treatment
category 30–34 35–39 40–44 45–49 50–54 55–59 60–64 65–69 Male Female

Active 10 22 37 65 80 59 48 26 221 (64%) 126
Placebo 12 26 36 41 68 55 50 34 219 (68%) 103
No tablets 7 8 16 14 23 21 25 5 80 (67%) 39
Nonstudy 36 42 32 46 26 31 13 3 134 (59%) 95

Drug therapy
One drug 164 (48%) thiazides 295, propranolol 134,
Two drugs 175 (50%) methyl-dopa 97, clonidine 12
Three drugs 8
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Table 16 Prevalence of ‘‘Significant’’ Symptoms in Side Effects Study

FailedSleepiness Depression Nocturia Sore gritty eyes Skin rash
Treatment Impotence ejaculation
category M F M F M F M M M F M F

Active 17 (38) 29 (36) 8 (17) 25 (31) 41 (90) 49 (61) 19 (39) 9 (17) 22 (48) 21 (26) 13 (28) 14 (17)
Placebo 22 (48) 12 (12) 9 (20) 11 (11) 48 (103) 49 (49) 14 (27) 5 (10) 21 (45) 33 (32) 14 (33) 11 (11)
No tablets 13 (10) 21 (8) 10 (8) 14 (5) 41 (33) 54 (21) 20 (15) 10 (7) 25 (20) 31 (11) 13 (10) 11 (4)
Nonstudy 5 (7) 14 (13) 5 (7) 11 (10) 29 (39) 48 (46) 10 (13) 6 (7) 15 (19) 18 (17) 4 (6) 8 (8)

Values are given as percentages with the number of subjects in parentheses.
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continued in the trial regimen so that blood pressure readings were recorded. They pro-
vided an opportunity to study the natural history of mild hypertension in subjects who
were free of cardiovascular complications, given no antihypertensive medication, and ob-
served for up to five years (3). Analyses of trends of blood pressure and of the incidence
of cardiovascular complications (trial endpoints) were made in these subjects, for the total
of 1943 subjects observed for periods up to five years, for 1119 who were observed contin-
uously for three years, and for 237 who took no tablets for the period of observation up
to five years. The mean systolic and diastolic blood pressures for each of these groups at
4-monthly intervals are shown in Table 17.

The most striking feature of their subsequent course was a sharp fall in pressures
in the first four months of follow-up and a continued slight fall for at least four years.
The mean pressure of all three sets showed the downward trend. It occurred in both sexes
and was not influenced by age, smoking habits, or serum cholesterol level; it occurred in
those who lost or gained weight, although it was greater in the former. It occurred at all
levels of initial blood pressure and in those whose pressure remained below the mild
hypertension level throughout the study and were therefore not given tablets. The phenom-
enon may have been due to regression to the mean in the early stages, but the continuing
fall could not be so explained. It was probably caused by increasing familiarity with the
repeated clinic procedures, including use of the sphygmomanometer, the so-called ‘‘white
coat effect.’’ This phenomenon was noted in other controlled trials in hypertension and
was demonstrated by Armitage and Rose in 1966 (26).

Analysis was made of the screening pressures of five subsets of these 1943 subjects,
seeking indicators at screening of blood pressure and endpoint status at three years (Table
18): 172 who had exceeded mild limits, 450 who remained in the mild hypertension range,
669 who had fallen below 95 mm Hg DBP, 117 who had experienced a trial endpoint,
and 535 who had been prematurely withdrawn. Subjects were classified as within the mild
hypertension range at three years if pressures had not exceeded mild limits and if the
reading at the 36th month or the mean of three readings through the third year was equal
to or greater than 95 mm Hg; a subject was classified as DBP lower than 95 mm Hg at
three years if the mean of three readings through the third year and the reading at the
36th month were both less than 95 mm Hg.

The 172 subjects who exceeded mild limits had, on average, higher pressures at S1,
S2, and C1. In 148 of them (86%), the mean DBP of the initial three visits was 100 mm
Hg or higher and none was less than 95 mm Hg. Not only did these subjects have higher
initial pressures but they had, on average, a distinct rise of DBP between the screening
visits (S1 and S2) and the third (C1) visit, 26% showing a rise of more than 10 mm Hg.
For those remaining in the mild hypertension range at three years, the proportion was
10% and for those with DBP below the mild hypertension range, it was 5%.

During the period of observation, 22 subjects of the placebo cohort suffered a stroke,
6 of which were fatal, and a further 9 subjects suffered transient ischemic attacks. The
strokes tended to occur early, 10 in the first year, 7 in the second and third years, and 5
in the fourth and fifth years. The DBP profiles of these subjects, compared with those of
matched subjects drawn randomly from placebo subjects who did not suffer a trial end-
point, are shown in Table 19. The former had highest initial pressures and highest average
pressures through the trial. Coronary heart disease occurred in 88 subjects. The events
were spaced evenly throughout the trial, and the blood pressure profiles did not differ
from matched controls.
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Table 17 Blood Pressures Over Time in Three Sets of the Control Group*

Total Subjects observed for 3 yr Subjects given no placebo

Mean Mean Mean Mean Mean Mean
SBP DBP SBP DBP SBP DBP

Visit No. (mm Hg) (mm Hg) No. (mm Hg) (mm Hg) No. (mm Hg) (mm Hg)

First screening 1943 158.2 102.3 1119 157.4 102.0 237 156.1 101.6
2 wk 1943 155.7 98.5 154.1 98.0 237 149.7 95.5
4 wk 1943 154.6 98.1 152.3 96.9 237 138.7 85.9
4 mo 1677 146.5 93.4 144.6 92.2 185 135.1 83.9
8 ″ 1500 146.4 93.3 144.6 92.2 158 134.7 82.7

12 ″ 1444 148.0 94.2 146.4 93.6 157 135.2 83.8
16 ″ 1339 143.7 91.4 142.9 91.0 148 131.6 82.2
20 ″ 1264 145.0 91.9 144.2 91.6 143 133.3 83.1
24 ″ 1235 144.9 91.7 144.6 91.6 138 132.9 83.5
28 ″ 1155 142.5 90.8 141.9 90.6 134 130.2 81.7
32 ″ 1112 142.5 90.1 142.2 90.0 130 129.0 80.7
36 ″ 1084 144.3 90.7 144.2 90.7 131 131.3 81.8
40 ″ 992 140.2 89.0 112 128.0 80.9
44 ″ 818 142.2 89.8 78 131.3 81.8
48 ″ 597 142.8 89.6 57 128.0 79.6
52 ″ 508 139.9 88.1 49 127.8 79.2
56 ″ 412 141.8 89.5 29 129.6 79.2
60 ″ 362 144.1 90.0 28 131.5 80.7

* Mean blood pressures for all 1943 control subjects for as long as they continued on their regimen, for 1119 who continued their regimen for at least 3 years, and for 237
borderline subjects whose DBP remained spontaneously below 95 mm Hg and who were not given placebo tablets. At each visit, there were some missing values owing to
nonattendance of eligible subjects.
Abbreviations: SBP, Systolic blood pressure; DBP, diastolic blood pressure.
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Table 18 Initial* Blood Pressure Characteristics of 1943 Untreated Control Subjects by Third-Year Status

Distribution by changeInitial blood pressure mm Hg
of DBP from mean of S1

(S1 � S2 � and S2 to C1 visit
Distribution by mean DBP of(S1 � S2)/2 C1 C1)/3

S1, S2, and C1 mm Hg Rise mm Hg Fall mm Hg

3rd yr status No. SBP DBP SBP DBP SBP DBP �95 95–99 100–104 �105 �10 �10 �10* �10

Exceeded mild limits 172 164.5 103.4 170.7 108.1 166.6 105.0 0 24 54 94 44 74 41 15
95� DBP �110 mm Hg 450 158.3 100.9 156.9 100.0 157.8 100.6 43 161 165 81 47 143 196 64
DBP �95 mm Hg 669 154.1 99.4 149.2 94.7 152.5 97.9 169 307 155 38 32 164 283 190
Trial end-point 117 161.2 100.7 159.1 99.2 160.5 100.2 16 47 32 22 13 30 54 20

Subtotal 1408 157.3 100.5 155.1 98.4 156.6 99.8 228 539 406 235 136 411 574 287
Premature withdrawal 535 156.1 100.1 153.3 97.1 155.2 99.1 107 209 147 72 47 152 197 139

Total 1943 157.0 100.4 154.6 98.1 156.2 99.6 335 748 553 307 183 563 771 426

* Includes no change.
S1 � first screening visit; S2 � second screening visit; C1 � first clinic visit.
Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Table 19 Mean DBP Throughout the Trial: Comparison of Placebo Subjects Who Experienced a Trial Endpoint with Matched Placebo Controls

Mean DBP mm Hg through trial

Average*S1 � S2 � C1
No. at Mean age No. at DBP

screening (yr) S1 S2 C1 3 4 mo 12 mo 24 mo 36 mo 36 mo (mm Hg)

Neither trial endpoint nor
exceeded mild limits 1578 49.7 102.0 98.1 96.9 99.0 92.2 93.3 91.3 90.4 1007 91.1

All trial endpoints 121 55.0 102.3 98.8 98.4 99.8 94.6 95.5 91.8 92.6 31 94.1
Matched controls 121 54.6 101.7 99.2 98.8 99.9 94.0 95.6 94.0 91.4 31 93.3
All IHD 88 54.5 102.4 97.9 96.9 99.1 93.8 95.7 91.6 92.3 24 93.5
Matched controls 88 54.1 101.3 99.1 98.9 99.8 93.2 96.4 94.5 91.8 24 93.1
All CVA 22 57.3 103.3 101.9 102.2 102.5 97.3 95.0 92.7 92.4 5 96.9
Matched controls 22 57.0 101.9 98.8 100.9 100.5 95.6 97.4 94.8 97.8 5 95.6
Exceeded mild limits 198 50.3 104.7 101.5 107.3 104.5 103.4 103.6 99.7 100.7 22
Matched controls 198 50.4 102.3 97.9 98.4 99.5 91.8 95.3 91.3 89.3 22

* Mean of the average for each subject of three readings per year throughout the study.
Abbreviations: DBP, diastolic blood pressure; IHD, ischemic heart disease; CVA, cerebrovascular accident.
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Table 20 Trial Endpoint Rates by Average DBP Throughout the Study for Active and Placebo Subjects: Entry Characteristics Also Shown

Entry characteristics

Mean
Mean no. of serum Mean

No. of subjects visits per TEP rate per % cholesterol Davenport Mean age
(mean duration yr) subject 1000 per year (n) % Males Smokers mg/dl index (yr)

Average DBP
mm Hg A P A P A P A P A P A P A P A P

�85 523 (3.9) 128 (3.3) 11.5 10.5 12.3 (25) 11.8 (5) 57 55 19 25 234 236 2.6 2.6 51.7 51.0
85–89 646 (3.7) 383 (3.3) 11.1 10.5 13.4 (32) 18.8 (24) 69 64 26 21 233 232 2.7 2.6 50.0 49.9
90–94 242 (2.8) 474 (3.5) 8.2 10.4 29.7 (20) 16.2 (27) 66 65 26 25 230 229 2.7 2.7 48.3 50.3
95–99 83 (1.4) 378 (3.5) 4.1 9.9 75.8 (9) 28.7 (38) 67 67 24 25 233 228 2.8 2.7 49.6 50.2
�100 55 (0.6) 185 (2.4) 1.8 6.4 84.5 (3) 60.4 (27) 64 63 38 26 229 227 2.7 2.7 50.0 51.4

Abbreviations: TEP, trial endpoint; A, active subjects; P, placebo subjects; DBP, diastolic blood pressure.
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In the initial paper (1) reporting the incidence of trial endpoints in relation to treat-
ment regimens, for each subject, the average of all pressure readings while on their treat-
ment regimen was taken as an index of blood pressure control throughout the study and
was found to be related to the incidence of trial endpoints, irrespective of treatment or of
screening pressures (Table 12). In a further analysis of data (Table 20) (3), the active and
placebo subjects were presented as single groups instead of split into three streams ac-
cording to classes of screening pressure. There are substantial numbers in each class of
average DBP and the mean period of exposure is also substantial in each class, varying
from 2.4 to 3.5 years, although allocation was not random. For all subjects with average
DBP less than 90 mm Hg and for placebo subjects with average DBP of 90 to 94 mm
Hg, endpoint rates in the five classes were similar, varying between 11.8 and 18.8 per
1000 person-years. Above these levels, endpoint rates were much higher, and the higher
the average pressure, the higher was the rate in both active and placebo subjects; in each
of the classes, the rates for active subjects were higher than for placebo subjects of equiva-
lent average DBP. In fact, the rate for each active DBP class was close to that of the
placebo subjects in one class higher. This suggests that for a given average DBP of 90
mm Hg or higher, subjects who have been brought to that level by antihypertensive drugs
have a reduced risk of hypertensive complications as a result, but the risk does not fall
to that of the subject whose pressure is at the same level naturally.

Dr. John Abernethy, who was director of the coordinating center of the study from
1973 to 1977. He was responsible for introducing the Cox method for statistical analysis
of the results and has commented (27) on interpretations of these retrospective data by
several authors leading to reservations about the use of antihypertensive drugs in mild
hypertension (28–31). Abernethy pointed out the drawbacks of retrospective examination
of the results and emphasized that the trial had provided ‘‘unequivocal evidence of the
benefit of antihypertensive drug treatment.’’

XIV. PROGNOSTIC FACTORS IN TREATMENT

On entry into the trial, characteristics (covariates) that might be associated with prognosis
were recorded for each subject, and the similar distribution of these covariates in the active
and placebo groups indicated that the randomization procedure was satisfactory. In the
fourth and last paper (4) published by the management committee, consideration was given
to possible associations between these covariates and treatment. It was pointed out that
because the study was not designed to examine such associations and there were relatively
small numbers in some covariate sets, such as smokers, the conclusions could not be
considered to be definitive.

The apparent relationship of covariates to the incidence of trial endpoints was first
examined by comparing rates in the active and placebo groups for high and low levels
of each covariate, that is, a univariate, dichotomous analysis of rates. Relationships were
examined for age, cut at 50 years, sex, cigarette smoking and non-cigarette smoking, serum
cholesterol level cut at 220 mg/dl, body mass index (BMI) (g/cm2) cut at 2.6, systolic
blood pressure (SBP) cut at 160 mm Hg, and DBP cut at 100 mm Hg. The rates of occur-
rence of endpoints were lower in the active groups than in the corresponding placebo
groups for both subdivisions of all covariates, but the differences were by no means uni-
form, suggesting that interactions between covariates and treatment were operative (Table
21). The most striking results were in relation to serum cholesterol and SBP; for both of
these the apparent relative benefit from treatment was greater at lower levels of the covari-
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Table 21 TEP Rates in Active and Placebo Groups According to Covariate Level
(Univariate Analysis)

A (rate per P (rate per Relative difference
1000 per year) 1000 per year) (P–A as percentage of P)

Age (years)
�50 9.4 14.0 33
�50 23.4 32.3 28

Sex
Male 19.8 27.2 27
Female 12.6 19.6 36

SBP (mm Hg)
�160 11.0 20.6 47
�160 25.2 30.1 16

DBP (mm Hg)
�100 15.5 22.2 30
�100 18.6 26.4 30

Cholesterol (mg/dl)
�220 11.0 24.6 55
�220 21.3 24.4 13

BMI (g/cm2)
�2.6 18.1 28.3 36
�2.6 16.5 21.2 22

Nonsmokers 15.4 21.1 27
Smokers 23.4 35.7 34

Abbreviations: TEP, trial endpoint; A, active group; P, placebo group; DBP, diastolic blood pressure; BMI, body
mass index.

ate. In absolute terms, the apparent benefit from active treatment was greatest in subjects
with low cholesterol levels and was greater than the overall average in smokers, those
with lower BMI, those with lower SBP, and older subjects.

Because results obtained with this univariate approach may be misleading, multivari-
ate regression analysis was undertaken using the Cox proportional hazards method, and
a detailed description of the model by Fazekas and Brewer formed an appendix to the
paper. In summary, the analysis was applied in a ‘‘step down’’ manner so as to derive a
multivariate regression equation that included only those variables that contributed sig-
nificantly to the prediction of endpoints. The first equation contained 17 variables, which
was the limit that available computing services permitted. These variables consisted of
the six main covariates, excluding sex, plus a selection from 21 second-order interactions
and certain third-order interactions whose inclusion was determined by various prelimi-
nary analyses (described in the appendix). The multivariate analyses were done on the
males and females separately but were conducted in parallel, so that if a variable was
found to be significant in one or the other, it was not eliminated from the joint experience.

A series of equations were then fitted in at each step, the least significant variable
was omitted, which provided it was not significant at the 5% level. The step down process
terminated when an equation was reached in which all terms were significant and thus
contributed significantly to the occurrence of endpoints irrespective of the others. Some
results of the analysis are set out below.
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Table 22 Observed Number of Trial Endpoints and Rates Per 1000 Per Year by Sex,
Smoking, and Treatment in High and Low BMI Groups

BMI �2.6 g/cm2 BMI �2.6 g/cm2

Active Placebo Active Placebo

TEP TEP TEP TEP
no. Rate no. Rate no. Rate no. Rate

Men
Nonsmokers 19 18.6 27 23.6 23 15.5 33 24.3
Smokers 13 34.5 18 50.0 12 24.1 13 27.0

Women
Nonsmokers 9 11.3 14 18.5 12 15.1 10 14.0
Smokers 2 10.8 10 56.6 1 7.2 2 10.8

Abbreviations: BMI, body mass index; TEP, trial endpoint.

Rates for men in the placebo group were significantly higher than for women, but
the difference lessened at low BMI (g/cm2) and in smokers; thin female smokers had very
high rates equal to those found in their male counterparts (Table 22). The only significant
relationship of BMI was the adverse effect of its interaction with smoking in both men
and women and the benefit of treatment in reducing that effect is demonstrated, for men,
in Figure 3, and for both sexes in Table 22.

The treatment effect as analyzed in the main paper (1) showed a 30% lower rate of
endpoints for women, 12.6 versus 19.6 per 1000 person-years; the significance level calcu-

Fig. 3 Trial endpoint rates per 1000 per year by body mass index.
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lated by binomial probabilities was P � 0.058. However, a later univariate analysis by
the Cox method, which uses more information, showed P � 0.044 for all trial endpoints,
and for all strokes, 1.6 versus 4.9 per 1000 person-years, P � 0.038.

The SBP at screening was shown to be significantly related to the incidence of
endpoints, but there was no such association for DBP. The incidence of events more than
doubled with an increase of SBP from 120 to 195 mm Hg regardless of sex, smoking
habits, age, or BMI. However, there was no significant relationship between SBP and
treatment effect (Fig. 4).

The multivariate analysis did not confirm the results of the univariate analysis, which
suggested that active treatment of mild hypertension was more effective when cholesterol
levels were lower. It is worth noting that the interaction between cholesterol level and
treatment was among the last to be eliminated in the step down process. Furthermore, a
multivariate analysis carried out for both sexes combined with smokers and nonsmokers
analyzed in parallel showed a statistically significant inverse relationship between level
of cholesterol and benefit from treatment in the nonsmokers. The multivariate analysis
also showed a reduction in coronary heart disease events with treatment, reaching signifi-
cance only in smokers with low BMI.

XV. CONCLUSIONS

The main conclusions from the study were:

1. Mild hypertension is a serious risk factor for cardiovascular disease.
2. Antihypertensive drug treatment is indicated in men and women of all ages, up

to at least age 69, with sustained mild hypertension.

Fig. 4 TEP rates per 1000 per year in men and women by smoking data and SBP at entry.
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3. A 4-month observation period is advisable before instituting drug treatment, as a
large proportion of subjects with suspected mild hypertension will have normal
pressures at that time and will require only periodic review.

4. The major relative benefit of antihypertensive drug treatment is in prevention
of cerebrovascular disease, but the study also provided evidence of benefit in
coronary heart disease.

5. Systolic blood pressure at screening is a significant predictor of cardiovascular
events; diastolic pressure is not; neither is a significant predictor of response to
treatment; the average of all of a subject’s diastolic pressures while on treatment
in the trial was found to correlate well with treatment benefit.

6. The combination of cigarette smoking and mild hypertension involves a high
risk of cardiovascular disease in men and women, which is aggravated by low
BMI. Antihypertensive medication greatly reduces that risk.

7. Benefit from antihypertensive medication may be significantly reduced in sub-
jects with mild hypertension who have high serum cholesterol levels.

XVI. POSTSCRIPTS

Total direct expenditure on the trial was $A1,640,866. The National Health and Medical
Research Council contributed $A457,000, The Life Insurance Medical Research Fund of
Australia and New Zealand $A120,000, the Ramaciotti Foundations of New South Wales
$A99,500, and the Victorian State Government $A75,000. Other contributions amounted
to $A40,405, and the National Heart Foundation’s share was $A848,961.

In addition, the Raine Medical Research Foundation of Western Australia bore all
costs for the Center in Perth. Accommodation and other administrative resources were
provided by the Universities of Melbourne, Sydney, and Western Australia and the Sir
Charles Gairdner Hospital, Perth, The Sacred Heart and Box Hill Hospitals, Melbourne,
and the Hornsby and District Hospital, Sydney. The Australian National University, Can-
berra, provided accommodation and subsidized computer services. Active and placebo
tablets were provided by the pharmaceutical companies Boehringer Ingelheim, Ciba
Geigy, ICI, Sandoz, and Merck Sharp and Dohme. The latter company also provided a
fully equipped bus, the ‘‘Heartmobile,’’ for screening.

In Australia, mortality rates for both cerebrovascular disease and coronary heart
disease have fallen by some 70% since the introduction of antihypertensive medication
(32) (Fig. 5). It is probable that control of hypertension has played a significant role in
both reductions. The decline in coronary deaths that commenced in 1967 was first reported
in 1972 (33). It was not until 1974 (34) that it was noted in the United States. It began some
14 years after cerebrovascular deaths began to decline, possibly because of the different
pathogenesis of the two conditions.

Although the premature withdrawal rate of 35% in the Australian study was roughly
as predicted, it was too high and did little justice to the committed efforts of study center
staffs to retain subjects. The loss of subjects could have been substantially reduced had
computer editing and data analysis in the initial stages provided for better consistency
checks and management of subject attendances. The flood of incoming data was catered
by a succession of quick computer programs, many trying to patch up holes. In April
1978, Mr. Terry Woodings, consultant in computing from the University of Western Aus-
tralia, spent two weeks at the coordinating center. A comprehensive system based on a
‘‘chronological’’ file of each subject, and a ‘‘time point’’ file containing screening, entry
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Fig. 5 Age adjusted death rates in Australian men: 1950–1994.

examination, and withdrawal and trial endpoint records in fixed ‘‘slots,’’ was set up. These
measures facilitated the management of the study and the analysis of results, including
the Cox survival analyses, during the final stages. The early tribulations could have been
mitigated if a pilot study had been undertaken. It was a great pleasure to find the computer
files in such good condition in the data archives of the Australian National University 18
years later, and the assistance of the archives staff in making analyses for this chapter is
much appreciated. It is also a pleasure to thank Camilla Fazekas, who was a statistician
for the last 21/2 years of the trial, for her discussions and assistance in its preparation.
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I. INTRODUCTION

Recently Doll (1) described 1948 as a ‘‘watershed year’’ in the history of clinical trials.
It was the year of publication of the Medical Research Council trial of antituberculous
drugs (2). New techniques of randomization (3) had made possible, and short supplies of
streptomycin had made ethically acceptable, the first published randomized double-blind,
placebo-controlled trial (2). The trial succeeded because of its design. The natural history
of tuberculosis, with its long and variable course, was such that a new drug could only
be assessed this way.

Meanwhile, assessment of antihypertensive drugs had just begun. Malignant-phase
hypertension was examined first. The methods were simpler but just as effective as those
in the tuberculosis trial: the natural history of malignant hypertension, with its short and
uniform course, allowed it to be assessed by a simple comparison of mortality before and
after introduction of antihypertensive drugs. Before introduction of these drugs in the late
1940s, less than 20% of patients survived one year and almost none survived three years

97
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(4–6). During the 1950s, 5-year survival was between 15% and 25% (7–9). As drugs
improved, so did survival (10, 11); by the 1960s, 5-year survival was between 25% (12)
and 40% (13); by the 1970s, it was almost 50% (14); by the 1980s and early 1990s, it
was more than 70% in two studies (13, 14) and close to 90% in a third (15). On this
evidence alone, malignant hypertension is accepted as a life-threatening condition needing
treatment from the day of diagnosis. A randomized, placebo-controlled trial has never
been done and would have been unacceptable at any stage on ethical grounds.

At the opposite end of the blood pressure scale is mild hypertension, the subject of
this study. Unlike malignant hypertension, its importance lies in the very large number
of affected patients who are at only slightly increased risk. This and the natural history
of a long and varied course make necessary a randomized, placebo-controlled trial in
testing treatment with antihypertensive drugs.

The MRC first considered such a trial in 1970. Up to that time, there had been three
placebo-controlled trials of antihypertensive drugs in more severe forms of nonmalignant
hypertension: two randomized (16, 17) and one in which patients were assigned in alternat-
ing fashion to placebo and active treatment (18). Each trial reported a significant reduction
of cardiovascular events in those randomized to active treatment.

During 1970, and after much discussion (19), an MRC working party (Appendix
1) was given the task of organizing a pilot study of mild hypertension (phase V diastolic
90 to 109 mm Hg). If successful, this could be extended to a full-scale trial. Between
1973 and 1977, 1800 patients were recruited, randomized, and treated in a study comparing
two forms of active treatment with placebo. As described below the pilot succeeded (20)
and expansion to a full-scale trial began in 1977. It was based on 18,000 patients followed
up for 51/2 years. It ended in 1985 and the principal results were published later that year
(21).

II. PLANNING THE TRIAL

A. Trial Design

The trial was to be prospective, multicenter, randomized, placebo-controlled and single
blind. It would test separately two active treatment regimens, with 50% of patients being
randomized in equal number to bendrofluazide or a placebo tablet resembling bendroflua-
zide and 50% to propranolol or a tablet resembling propranolol (Table 1). Where blood
pressure control was inadequate in actively treated patients, methyldopa was added (except

Table 1 Treatment Regimens

Active
% Randomized Primary regimen Supplementary treatment Treatment Needed

25% Bendrofluazide Methyldopa —
25% Placebo resembling ben- Bendrofluazide

drofluazide
25% Propranolol Guanethidine early stages —

of trial; methyldopa
later

25% Placebo resembling propra- Propranolol
nolol
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Table 2 Screening of Mild Hypertensives

Invited to
screening First screening visit Second screening visit Entry visit

695,000 515,000 54,000 33,000
Not on antihypertensive treat- BP within trial limits DBP Randomized 17,354

ment DBP 90-109 (trial 90–109 SBP � 200 mm
limits) or SBP �200 Hg
mmHg

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure; BP, blood pressure.

in the early stages of the trial when guanethidine was added to patients taking propranolol)
(19, 21).

The trial was multicenter because 500,000 subjects needed screening in a large num-
ber of general practices throughout the U.K. It was single blind (patients blinded to treat-
ment) because doctors and nurses managing patients, measuring blood pressure, and taking
blood samples, would come to know which treatment patients were taking, particularly
where patients attend the same clinic and saw the same doctors and nurses for more than
five years. However, the sphygmomanometers used (22, 23) did blind observers to the
value of their measurements at the time they were made, and assessment of trial events
was by an independent arbitrator blind to treatment of patients (21).

B. One or Two Active Treatment Regimens?

Up to 1972 placebo-controlled trials of antihypertensive drugs had tested one active drug
regimen (16–18). In early discussions, the working party had considered testing two active
treatments separately. Doing so might distinguish effects of a drug attributable to blood
pressure lowering from effects attributable to other mechanisms—to a cardioprotective
action of a beta-blocker, for example. After much discussion (19), it was decided to test
the two regimens described in Table 1 separately.

C. Statistical Power and Numbers Needed

An estimate of participants needed was based on numbers needed in a 5-year trial with
a 95% chance of demonstrating a 40% reduction in fatal and nonfatal strokes taken together
or in deaths attributable to hypertension (ICD 400–404). Significance was to be at the
1% level with two-tail testing (19, 21). Data on risk from epidemiological studies (24)
and from the Registrar General’s statistics (25) suggested that 18,000 mild hypertensives
in the age range of 35 to 64 years would provide this power, with half randomized to
placebo and half to active treatment. The power for separate comparisons of propranolol
and bendrofluazide with placebo would be less than this.

In the event, 500,000 men and women aged 35 to 64 were screened, 17,354 mild
hypertensives (phase V diastolic pressure 90 to 109 mm Hg) were identified and random-
ized) (Table 2). Together they provided 85,572 patient-years of observation.

III. PILOT STUDY

A. Objectives and Plan

The purpose of the pilot study was to assess on a small scale methods to be used and
findings anticipated in a full scale study. Particularly relevant were methods of screening,



100 Lever et al.

responses to treatment, and the frequency and severity of drug side effects. Was screening
best based on hospital clinics, on population surveys, or on general practice? Initially, the
working party favored the first, perhaps because several of its members were hospital
physicians, but events soon proved this the least effective (19). Recruitment and manage-
ment in general practice, particularly where practices were small, proved highly effective,
so much so that it was the only method used in the main trial (19).

Another objective was to assess the willingness of patients to be screened for a
condition with few, if any, symptoms and to be followed up in a trial testing drugs known
to have side effects but not known to reduce risk in mild hypertension.

B. Findings

More than 90% of eligible patients, a total of 1849, entered the pilot trial. After one year,
87% had taken at least 75% of tablets prescribed. Changes of serum potassium and urate
in those taking bendrofluazide and of pulse rate in those taking propranolol suggested
good compliance (20).

1. Psychological Assessment

A self-administered questionnaire devised by the Institute of Psychiatry (26) was com-
pleted by a group of patients before and after screening and, where these patients were
eligible for the trial, before and after entry. Controls for the second group were subjects
screened but not eligible for the trial. Subjects with positive questionnaire results under-
went a psychological assessment.

The results were interesting and reassuring: the incidence of psychological distur-
bance was no greater in those entering the trial than in those not entering. Indeed, among
subjects with neurotic symptoms at the outset, those entering the trial had a significantly
greater ‘‘cure rate’’ for these symptoms than had nonentrants (26, 27). Thus, screening
had no apparent harmful psychological effect and entering the trial might even have had
psychological benefits.

2. Changes of Blood Pressure

Blood pressure fell after entry in placebo and actively treated groups. Compared with
placebo controls, the fall in those receiving active treatment was greater by 13 to 17 mm Hg
systolic and 6 to 8 mm Hg diastolic (20). The fall in placebo controls was greater than
expected and was to be seen later in the main trial (21). It was not a consequence of taking
placebo tablets because, in a substudy (19, 20), changes of blood pressure were identical
in patients taking either a placebo tablet or no tablet at all.

Findings in the pilot trial were generally satisfactory. A great deal had been learned
about methods of screening and managing patients in a large trial. The full-scale trial
appeared feasible and justified on scientific and ethical grounds (20). Costs based on ex-
penses up to that time were put at £23.50 per randomized patient per year. With follow-
up of 90,000 patient-years, the total at 1977 prices became £2.1M (19): £7.5M at 1999
prices. This prediction was to prove accurate at the trial’s end and on the basis of the
estimate, the MRC authorized expansion to a full-scale study involving 18,000 patients.

IV. TRIAL ORGANIZATION

An experiment that entailed screening 500,000 subjects in different parts of the U.K.,
randomizing 18,000 to a trial and assessing each subject every 6 months for 5 years,
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Fig. 1 Organization of MRC Mild Hypertension trial. Interrelation of the parts. (Modified from
Ref. 19.)

needed careful coordination. Figure 1 illustrates the interrelation between different parts
of the trial. Organization was from a coordinating center at Northwick Park, London.
Doctors from the center visited general practitioners interested in joining the trial. Once
they had decided to participate, a practice nurse was recruited and the nurse and the doctor
attended a trial training center at Stratford-upon-Avon. Here, a senior nurse and a doctor
trained the visitors in techniques of blood pressure measurement, blood sampling, and
centrifugation. The training center also became a meeting place for general practice physi-
cians and nurses whose high morale and efficiency were regarded by those running the
trial as the principal factor in its successful administration (19, 28).

The working party was responsible for planning and, through the coordinating cen-
ter, for organization of the trial (Fig. 1). Fatal and nonfatal events were classified by
an arbitrator blind to treatment (19, 21). Information provided by the center included
electrocardiograms (ECGs) and records from general practitioners, hospitals, and the Reg-
istrar General. Data on events and the arbitrator’s classification of these were sent, via
the center, to the monitoring committee (Appendix II). Their responsibilities were to deter-
mine during the trial whether event rates were sufficient to provide the statistical power
needed for analysis and to ensure that event rates in actively treated patients were not
such as to raise ethical questions about continued treatment. Should the second occur, the
ethical committee (Appendix III) and the working party would be informed. As discussed
later, an ethical problem did arise in patients taking bendrofluazide.

In all patients, blood samples were taken at entry and at intervals during the trial.
Twelve tests were done using the Technicon SMA 12 analyzer. Those of greatest interest
to the trial were potassium, sodium, urate, urea, cholesterol, and glucose. Objectives here
were to exclude from the trial patients whose hypertension was secondary in nature and
manifest by biochemical abnormality, to monitor drug-induced biochemical changes, and
to collect data for later analysis. Important in the biochemical work was its centralization
at the Wolfson Research Laboratories, Birmingham, allowing one set of standards and
methods in a single laboratory to ensure consistency. Special packs were designed to mail
blood samples to Birmingham. These methods worked well and tests of quality control
were satisfactory.
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V. SCREENING, RECRUITMENT, AND RANDOMIZATION

A. First and Second Screening Visits

All 695,000 subjects, aged 35 to 64, were invited to attend a screening at one of 176
general practices; approximately 515,000 (Table 2) came. Examinations were in practice
clinics or, where accommodation was insufficient, in one of six mobile screening caravans.
During their busiest period (1979–1980), up to 14,000 patients were screened each month
in these caravans (19).

At the first screening visit, blood pressure was measured twice by a trained nurse
using either the Hawksley Random Zero sphygmomanometer (22) or, less often, the Lon-
don School of Hygiene sphygmomanometer (23). In cases in which the mean of these
measurements was between 90 and 109 mm Hg diastolic (trial limits), or when systolic
pressure was greater than 200 mm Hg (above trial limits) the patient was referred to a
second screening visit usually a week later. If, at this visit, diastolic pressure was below
90 mm Hg, patients were reassured, thanked for attending, and discharged. If pressure
was within trial limits (diastolic blood pressure 90 to 109, systolic less than 200 mm Hg),
the patient was referred for a third visit, the entry examination.

B. Entry Examination

On this occasion, blood pressure was measured twice by a doctor. If the mean of these
measurements was close to the upper or lower limits, the patient was asked to attend on
a fourth occasion for further measurements (19). The decision on whether the patient
entered the trial was then based on the mean of four measurements by a doctor on two
separate occasions. At the entry examination, a detailed history was taken by the nurse
or doctor.

Reasons for exclusion from the trial during screening were known hypertension on
treatment (23,413 patients excluded); asthma (1611); gout (933); diabetes (679); psychiat-
ric disorders (138), or other serious illness that might compromise attendance (1004). Peak
rates of recruitment and randomization were about 500 monthly. In all, 17,354 patients
were randomized to one of the four regimens (two of active treatment, two of placebo).
Randomization was in stratified blocks of eight in each sex, 10-year age group, and general
practice clinic (21).

C. The Screened Population

The following analysis was based on 156 of 176 general practice clinics (19). Screening
in these was based on a population of 556,000 men and women, all invited to attend the
first screening visit; 411,000 (73.9%) came. Of these, 53,700 (13.1%) had acceptable blood
pressure and were invited to attend a second screening visit; 51,521 came to the second
screening and of these, 32,987 (8%) were referred to the entry visit. At the entry visit,
17,354 were randomized (the last number is based on all 176 practices).

VI. THE RANDOMIZED PATIENTS

As expected with such large numbers, randomization produced closely similar mean values
in bendrofluazide, propranolol, and placebo groups for variables such as age, body weight,
blood pressure, serum electrolytes, urea, and cholesterol (Table 3), smoking habit, and
frequency of ECG changes (19, 21). However, trial patients were not a random sample
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Table 3 Randomization of Patients

Bendrofluazide Propranolol Placebo

Entry 3 Years Entry 3 Years Entry 3 Years

Serum K mmol/l 4.11 3.72*** 4.11 4.22*** 4.13 4.17
Serum Na mmol/l 141.6 140.9*** 141.6 141.5 141.7 141.6
Serum uric acid µmol/l 386.3 432.0*** 373.7 393.5*** 372.6 380.8
Serum urea mmol/l 5.43 5.98*** 5.44 5.76* 5.40 5.63
Serum cholesterol mmol/l 6.26 6.36*** 6.23 6.31** 6.24 6.25
Serum glucose mmol/l 5.48 5.69* 5.48 5.50* 5.46 5.58

Biochemical changes in men in samples taken at entry and at third annual visit in bendrofluazide, propranolol,
and placebo groups. Significance testing: *P � 0.05; **P � 0.01; ***P � 0.001 is the difference between
entry and third annual visit.

of hypertensives in the U.K. Screening was concentrated in areas likely to yield most
patients and rural general practices, particularly those in the English Midlands, were over-
represented; inner city areas were underrepresented. As a result, social classes I, II, and
III were probably overrepresented. In this classification, social classes I to VI relate in-
versely to socioeconomic status. Exclusion of conditions that might worsen with treatment,
that is, diabetes, gout, and asthma, could also have contributed to lower all-cause mortality
in the trial population.

VII. FALL OF BLOOD PRESSURE IN PLACEBO GROUP

The fall of blood pressure in placebo group patients of the pilot study was seen also in
the full-scale trial (Fig. 2) (29). It was not unique to this trial: similar falls occurred
in the Australian Therapeutic trial of mild hypertension (30) and in the MRC trial of older
adults (31). The fall here was most marked in the first two weeks, continuing for up to
3 months (Fig. 2). At least three processes contributed.

A. Decrease of a Pressor Response at Entry

Blood pressure in placebo group patients was higher at the entry visit than at all other
times (Fig. 2, lower panel). Suggesting strongly that this was the peak of a pressor response
was the highly significant correlation in individuals between the rise of pressure at entry
and the fall of pressure after entry (29). Respectively, these are the differences of pressure
between the second screening visit and entry and the differences of pressure between entry
and the first visit after randomization. Several workers have suggested that it was a re-
sponse to the stressful conditions at entry and possibly ‘‘a white coat’’ pressor effect (19,
29, 32, 33), and there is much to support the idea: the measurement at the entry visit was
the first by a doctor; earlier measurements during screening were by nurses; on all other
occasions, when doctors made measurements, at annual visits, pressure was higher than
at intermediate visits when measurements were by nurses (Fig. 2, lower panel). Also the
increase between the second screening visit and entry was greater in women (10/4 mm
Hg) than in men (5/3 mm Hg) (29, 34). White coat responses are known to be more
pronounced in these circumstances (35, 36), particularly when doctors making the mea-
surement are male and patients are female (37, 38). Interestingly, an analysis by Millar
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Fig. 2 Placebo Group MRC Trial. Upper panel. Measurement of systolic blood pressure (Syst
BP) made by nurses at two screening visits (S1 and S2) and during 5-year follow-up. Lower panel.
Measurements by nurses, as in upper panel, but with additional measurements made by doctors
(marked D), the latter give higher values than the former, particularly at the entry examination.
(From Ref. 29, used with permission.)

and colleagues (29) suggests that the increase of pressure at entry did not confer an in-
creased risk of stroke commensurate with that seen with the same increase of pressure
measured at other times. In support of this, multiple regression analysis showed that blood
pressure measured at screening visits predicted stroke, but that blood pressure measured
at the entry visit did not (29).

These observations suggest that a variable pressor response occurred at entry, that
it was probably a ‘‘white coat’’ response, and that it did not confer additional risk. What-
ever the explanation, the decrease from its peak value will have contributed to the fall of
blood pressure after entry.

B. Seasonal Effect on Blood Pressure

Blood pressure is known to be higher in winter than in summer, a phenomenon seen in
placebo-treated patients of the MRC trial (19, 39). This seasonal effect was not randomly
distributed among trial patients, however. Because a greater proportion entered the trial
during winter months (19, 39) and because blood pressure falls between winter and sum-
mer, predominance of winter recruits in the trial will have contributed to the fall of blood
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pressure in the placebo group patients during the first six months. This effect on the change
in the first two weeks would have been small.

C. Regression to the Mean

A third contribution to the fall of pressure was made by regression to the mean. In this
process, subjects from the upper part of a distribution of blood pressure show a decrease
of pressure during serial measurements, subjects from the lower part an increase (40, 41).
Millar and colleagues (29) have examined the mechanisms involved in the MRC trial
placebo group. Patients were classified in quintiles of systolic pressure measured at the
third annual visit (Fig. 3, right panel). The distribution of quintile means was broader at
this time than at visits before or after the classification (Fig. 3). During follow-up, those
in the upper quintiles showed a decrease of pressure, those in the lower quintiles an in-
crease (Fig. 3). That these changes result from the classification was shown by their ab-
sence at the third visit when the classification was made at entry (Fig. 3, left panel).

The principal mechanism producing dispersal of quintile means at classification was
the selection for upper quintiles of individuals whose blood pressure was higher at the
time than their personal mean value (taken here as the mean value of pressure for the five
annual visits). Selection for lower quintiles was of individuals whose pressure was lower
than their personal mean. That this did contribute to dispersal of quintile means at classifi-
cation was shown by the greater deviation of individuals from their personal mean at the
time of classification. Eighty-one percent of patients in the top quintile had pressure higher
than personal mean, and this contributed a 7.7 mm Hg upward shift to the average value
for that quintile. In the bottom quintile, systolic pressure was below personal mean in
72% of patients, and this contributed 6.8 mm Hg to the downward shift of average value
for the quintile (Fig. 4).

How might such a process contribute to the fall of blood pressure in the placebo
group after entry? We suggest the following: (a) That screening subjects for a hypertension
trial involves selection of those with blood pressure in the upper part of the distribution
for the screened population. Only 2.5% of those screened were selected and, overall, only

Fig. 3 Systolic blood pressure in patients of MRC trial placebo group at entry, E (solid circle),
and at annual visits thereafter. In left panel, (A) patients were classified in quintiles of systolic
pressure at entry. Quintile mean values maintain their position after the first annual visit. In right
panel (B), a quintile classification by systolic pressure was made at the third annual visit. The
changes seen before and after this classification were of these quintile groups. (From Ref. 29, used
with permission.)
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Fig. 4 Deviation of systolic blood pressure for individual patients from their personal mean value
at the third annual visit, the time of quintile classification in Fig. 3b. Upward deviation from personal
mean value was seen in upper quintiles, downward deviation in lower quintiles. (From Ref. 29,
used with permission.)

8% of the screened population had hypertension. (b) That the selective process of screening
is similar to that of making the quintile classification at the third annual visit (Fig. 3b).
(c) In this event, a number of patients qualifying for a trial during screening and at an
entry visit would be those showing, by chance, a higher blood pressure than their personal
mean. (d) The fall of pressure in such patients after entry would then be regression of
blood pressure to their personal mean. This does not imply that regression is the principal
contributor to the fall of blood pressure after entry. The size of the contribution from any
one of the three processes described here is difficult to assess in the presence of two others.

D. Diastolic Pressure Fell Below 90 mm Hg
in Some Placebo Group Patients

Between one-third and one-half of placebo-group patients had a fall of diastolic pressure
during follow-up to less than 90 mm Hg, the lower limit acceptable for admission to the
trial. Does this imply, as some suggest (32,42), that these patients had ‘‘normal’’ blood
pressure and, for this reason, the trial was not strictly one of mild hypertension?

The issue is not so clear. Often, the fall of pressure to ‘‘normal’’ did not persist.
In only 18% of the 7141 patients having measurements at the first three follow-up visits
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was diastolic pressure below 90 mm Hg on each occasion. It was more common in these
patients for pressure to fall below limits at one visit and to rise above limits at the next.
How are such patients to be classified? Probably not as normal subjects.

E. Large Variability of Blood Pressure Among Individuals

Figure 5 illustrates the marked variability of blood pressure underlying these observations.
Plotted are changes of quintile position for systolic blood pressure between the first and
fifth annual visit in placebo-group patients. More than 50% of these patients changed
position. Some starting in the top quintile reached the bottom quintile 5 years later; others
in the bottom quintile reached the top quintile. Thus, the appearance of stability of blood

Fig. 5 Changes of systolic blood pressure between the first and the fifth annual visit in placebo
group patients. The five panels show changes from quintiles classified at the first annual visit. The
top panel shows those with highest pressure at the first visit; the bottom panel those with lowest.
By the fifth year, a majority of those in the top quintile had moved downward, some by as much
as four quintile positions. For those in the bottom quintile, a similar number had moved upward,
some by as much as four quintiles. (From Ref. 29.)
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pressure during follow-up (Fig. 3, left panel) does not necessarily represent stability of
blood pressure among individuals; more likely, it reflects an exact balance among individu-
als of large upward and downward movement (Fig. 5).

Many patients in the bottom quintile of systolic pressure at the first annual visit
(Fig. 5) will have had a diastolic pressure below 90 mm Hg. Although the direction of
change differed, the magnitude of change of pressure for individuals in this quintile there-
after was little different from that of patients in the top quintile. Thus, patients in the
bottom quintile showed no more tendency to remain low than did patients in the top
quintile to remain high. None of these observations accords with the view that placebo-
group patients in whom diastolic blood pressure drops below 90 mm Hg are normal sub-
jects qualitatively distinguishable from mild hypertensives. At a more practical level, such
variability makes particularly difficult selection for a trial of placebo-group patients whose
blood pressure is certain at all times to remain within limits set for the trial. Simpson and
colleagues (32) suggest that more frequent measurements should be made before random-
ization, particularly where these are made in a quiet environment giving more ‘‘basal’’
conditions. Almost certainly, this would reduce the number of randomized patients whose
blood pressure falls below trial limits. However, it would also increase the time spent in
screening and its cost. More important, it would make the circumstances in which patients
are tested in a trial less like those used routinely by general practitioners in screening for
and then treating mild hypertension. The methods used in the MRC trial—three or four
visits with a pair of measurements at each—resembled closely those used routinely for
screening in general practice.

F. Is Mild Hypertension a Disease Entity?

The tendency has always been strong to believe that whatever receives a name must be an
entity or being having an independent existence of its own; and if no real entity answering
to the name could be found man did not for that reason suppose that one existed, but imagined
that it was something peculiarly abstruse and mysterious, too high to be an object of sense.

—J. S. Mill

This remarkable statement, attributable to John Stuart Mill, the 19th-century philoso-
pher (43), is certainly relevant to other aspects of hypertension research: low renin hyper-
tension, for example, is regarded by some as a diagnostic nonentity (44). For reasons
already discussed, it may be relevant here also. However, even if hypertension is not a
disease entity separable from normal blood pressure, ‘‘mild hypertension’’ could still be
a perfectly adequate term to describe patients whose blood pressure remains within a
specified range on a specified number of occasions. Such patients are known to be at risk
and are now known to benefit from treatment. It is the granting of entity status, with its
implication of a clear dividing line, that creates the problem, one in which some patients
fail to live up to expectation. It is better that mild hypertension makes no claim to entity
status and that its management is purely pragmatic.

G. Change with Time in the Relation of Blood Pressure and Risk

Prediction of outcome from levels of blood pressure in a placebo group is usually based
on measurements at entry to a trial. For predictions based on blood pressure measured 3
months after entry, the curve of risk and blood pressure in the MRC trial (29) was steeper
(because of the fall of pressure during the 3 months). Predictions from this second curve
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are more precise because of its steepness than are those made from measurements at entry.
Contributing to imprecision of entry measurements is the possible ‘‘white coat’’ response,
particularly if, as seems likely, that response confers no additional risk (29). An analysis
by Collins and MacMahon (45) shows that measurements of blood pressure at entry to a
trial are more susceptible to regression dilution bias and are thus less reliable than measure-
ments made later in a trial.

VIII. RISE OF PRESSURE AND ACTIVE TREATMENT
OF PATIENTS IN THE PLACEBO GROUP

Before September 1980, the upper limit for systolic pressure in the trial was 210 mm Hg
or a diastolic pressure of 115 mm Hg or more. After 1980, and because recent work had
suggested benefit from treatment at these levels (46, 47), the limits were lowered to less
than 200 mm Hg for systolic and to less than 110 mm Hg for diastolic (19).

Over its 51/2 year course, 18% of male and 13% of female patients were withdrawn
from placebo treatment and actively treated because their blood pressure had exceeded
these limits. Withdrawn patients are important because they are at highest risk and are
most likely to benefit from active treatment.

A. Intention-to-Treat Analysis

In an intention-to-treat analysis, placebo group patients needing active treatment are as-
sessed as though they remained in the placebo group. If that active treatment reduced risk,
their presence as beneficiaries in the placebo group will falsely lower event rates for that
group, thereby falsely lowering absolute benefit (event rate in placebo group minus event
rate in treated group) (48, 49). That withdrawn placebo group patients did benefit in the
MRC trial is strongly suggested by their lower cardiovascular event rate compared with
age- and sex-matched placebo group patients whose pressure did not exceed the limit and
who were not actively treated (19).

B. On-Treatment Analysis

On-treatment analysis was more often used in the past. It too is flawed, although for a
different reason (48, 49): withdrawal of high-risk placebo-group patients with blood pres-
sure exceeding trial limits will, by their absence from the placebo group in an on-treatment
analysis, falsely lower average event rates for the placebo group.

Thus, both methods falsely underestimate benefit by falsely lowering event rate in
the placebo group: intention-to-treat analysis by including in the placebo group beneficia-
ries of active treatment; on-treatment analysis by excluding from the placebo group and
from its analysis those most likely to have had an event (48). The underestimate of benefit
from reduction of strokes may have been as high as 35% in the MRC trial (50).

A common and perhaps justified criticism of the MRC trial was that average blood
pressure for entrance to the trial was set too low. Judged by blood pressure in the placebo
group one year after entry, the average value was 149/92 mm Hg. This is in the lower half
of the acceptable range (90 to 109 mm Hg diastolic). To some extent, this was unavoidable.
Because screening was concentrated on patients whose blood pressure was in the upper
part of a bell-shaped distribution, those with pressure between 90 and 99 mm Hg would
be more common and likely to be recruited in greater numbers. Average pressure would
be lowered for this reason.
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Also, the problem created by placebo-group patients whose blood pressure fell be-
low limits was more than balanced at the upper end of the blood pressure range by placebo-
group patients whose blood pressure exceeded trial limits. Thus, aiming for a higher aver-
age pressure in a trial might decrease the number of placebo-group patients whose blood
pressure fell below the limits, but it would also increase the number withdrawn from the
trial because blood pressure exceeded these limits.

IX. WITHDRAWAL FROM TREATMENT AND LOSSES
TO FOLLOW-UP

Withdrawals and losses of patients to follow-up are important because they can seriously
compromise interpretation of a trial’s findings.

A. Uniform Nomenclature Needed on ‘‘Withdrawal’’ and ‘‘Losses’’

Different trials often report different rates of withdrawal; criticism then focuses on those
with highest rates. Differences of nomenclature contribute to this variation. A comparison
of ‘‘losses to follow-up’’ in three trials (51) showed rates of 25% for the MRC trial of
treatment in elderly hypertensives (31); 15% for the European trial (52), and zero for the
Swedish Trial in Old Patients (STOP) (53). The definition of ‘‘loss’’ was broad in the
MRC trial, narrow in the European trial, narrower still in STOP. When MRC losses were
recalculated using the European definition, loss decreased from 25% to 11.7% (51). When
definitions are clear, differences between trials decrease: as a result of drug side effects,
3.7% of patients were withdrawn yearly from randomized treatment in the MRC elderly
trial; 3.1% from placebo and active treatment groups of STOP; and 2.9% from the active
treatment group of Systolic Hypertension in the Elderly Program (SHEP) (54) (see analysis
in 48).

Before further comparisons are made of ‘‘loss’’ in hypertension trials, international
agreement is needed on terminology.

Table 4 Withdrawals from Randomized Treatment

5.1/2 year cumulative %

Bend Prop Plac All

Group I: Withdrawal from randomized treat-
ment but follow-up continued

A. Drug side effects 17 19 4 11
B. BP above trial limit 1 3 14 8
C. Others 7 7 12 10
Group I total: 25 28 30 28
Group II: Withdrawn from randomized treat-

ment, follow-up not continued
A. Terminal event 5 5 6 5
B. Moved house 3 4 3 3
C. Avoidable lapses 14 15 14 14
Group II total (not incl. subgroup A) 18 19 18 18

Abbreviation: BP, blood pressure.
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Table 5 Side Effects and Withdrawal from Randomized Treatment

Rates of withdrawal

Bendrofluazide Propranolol Placebo

Side effects Male Female Male Female Male Female

Impaired glucose tolerance 7.7* 5.9* 3.4 2.1 3.3 2.0
Gout 12.8* 1.5* 1.5* — 0.9 —
Impotence 12.6* — 6.3* — 1.3 —
Raynaud’s phenomenon — 0.3 5.1* 4.5* 0.2 0.3
Dyspnea 0.1 0.3 7.1* 7.1* 0.4 0.2
Lethargy 3.6* 1.7* 5.3* 8.3* 0.5 0.3
Nausea, dizziness, headache 4.2* 7.4* 4.1* 9.4* 1.4 1.8

* Significant difference from rate in controls. Rates of withdrawal/1,000 patient-years of follow-up.
Source: Ref. 19.

B. MRC Mild Hypertension Trial

Withdrawals and losses to follow-up in this trial are shown in Table 4. In group 1 of this
table, patients were withdrawn from randomized treatment but follow-up continued. An
important contribution here was made by drug side effects. Rates for the seven most
common are given separately in Table 5. Most were known side effects of these drugs
but nonspecific symptoms, such as lethargy, nausea, dizziness, and headache, all more
common in actively treated than in placebo-treated patients, also contributed (Table 5).
Single blindedness in the study may have influenced these assessments.

Withdrawal of patients because blood pressure exceeded upper limits for the trial,
the second category in this group, was, as expected, much more common in placebo-
treated patients (Table 4). The third category in group 1, ‘‘Others,’’ was of patients in
whom clinical features needing a change of treatment developed, such as cardiac failure,
angina, and silent myocardial infarction (19).

The second principal group in Table 4 is of patients who were withdrawn but not
followed up thereafter. Subgroups here include: (a) Those suffering a terminal event, one
that would have contributed to the analysis of outcome. Most reports on clinical trials do
not include these patients as withdrawn or lost to follow-up. They are listed here. (b) This
is a subgroup of patients who moved to an area not containing a general practice contribut-
ing to the trial. (c) This is a larger subgroup, including failure to attend appointments and
failure to take tablets. These lapses of follow-up could be described as ‘‘dropouts.’’

Total withdrawals in group 1 in which follow-up continued after withdrawal was
28%. The total for group 2, not including those having a terminal event, was 18%. A
figure of at most 18% was, in the view of trial organizers, a credit to the efficiency of
general practitioners and nurses running the trial (19).

X. DECREASE OF BLOOD PRESSURE
IN ACTIVELY TREATED PATIENTS

The target for active treatment was a diastolic pressure of 90 mm Hg or below. When
this was not reached, supplementary treatment was to be added.



112 Lever et al.

Fig. 6 Changes of blood pressure in male and female patients of MRC Mild Hypertension trial:
placebo group (solid circles); bendrofluazide (triangles); propranolol group (open circles). (From
Ref. 21, with permission.)

Within 2 weeks of the onset of treatment, blood pressure had fallen, the fall being
present in both groups but more significant with active treatment (Fig. 6). The percentage
below target was greatest with bendrofluazide (66% to 70% at annual visits in men; 71%
to 79% in women). This difference of response to treatment was greater in older subjects
of both sexes (19). However, supplementary treatment was needed more often in those
randomized to bendrofluazide, and this difference was clearest in younger patients (19).

Overall, blood pressure control was better in those randomized to bendrofluazide
than in those randomized to propranolol. However, a higher proportion in this group
needed a supplementary drug to achieve this control.

Compared with placebo, lower systolic and diastolic pressures were seen with both
forms of active treatment at all times (Fig. 6) and in all age groups (19). The smallest
difference of systolic pressure (7.2 mm Hg) was in young men of the propranolol group;
the largest (16.4 mm Hg) was in older women taking bendrofluazide (19).

XI. STUDIES DURING THE COURSE OF THE TRIAL

A. Sequential Analysis

During the first year of follow-up, fatal coronary events and sudden deaths were more
common (not significantly so) in men taking bendrofluazide as compared with men taking
placebo (19). In men taking propranolol, there was no increase. Coronary events were
more common in men taking bendrofluazide than in men taking propranolol. On sequential
analysis, this crossed the 10% significance line twice, once also crossing the 5% line (19).
At about this time, the monitoring committee became aware that ECG changes of ischemia
and ectopic arrhythmias were more common in men taking thiazides (19, 55). The ethical
committee and the working party were alerted. The view of the working party was that
the trial should continue unchanged, partly because the findings with thiazide were of
borderline significance, but mainly because a decision to abandon thiazides, a widely used
class of drug, must be based on irrefutable evidence (19). There are other good reasons
for not stopping large controlled trials prematurely (56).
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The decision to continue was fortunate. By the end of the trial, the excess of coronary
events in men taking thiazide was smaller and far from significant. A few years later, the
working party of a new MRC trial testing antihypertensive treatment in elderly hyperten-
sive patients (31) chose thiazide as part of a diuretic-based regimen for comparison with
beta blocker and placebo. On this occasion, the diuretic regimen proved superior to both
in prevention of cardiovascular events. Had thiazide treatment been abandoned in the first
MRC trial, it would probably not have been tested in the second.

During these analyses, propranolol had served as a second control group for assess-
ment of possible adverse effects of thiazide. These roles were reversed in a later analysis
when bendrofluazide served as a second control group for what seemed an adverse interac-
tion between cigarette smoking and propranolol (discussed below). These uses of one
class of drug as a control for another were unforeseen dividends of testing the two classes
separately.

B. Biochemical Changes

The expected decrease of serum potassium and increases of blood sugar and serum urate
occurred in patients taking bendrofluazide (19, 57). Table 3 shows these and other minor
changes in men. The pattern of findings was similar in women (19). In a substudy compar-
ing 10 mg and 5 mg daily of bendrofluazide, these changes were more marked with the
higher dose; blood pressure changes were no different (19). Biochemical changes with
propranolol were increases of serum potassium and of uric acid (19, 57).

XII. FORM OF FIRST REPORT

The working party had considered two forms for their first report (19). A minority favored
a full paper based on the principal findings with subgroup analyses and discussion of
recommendations on treatment. A majority favored a simpler paper with a full description
of principal findings, but with few subgroup analyses and no recommendations on treat-
ment; the findings, they felt, should stand on their own. The problem with subgroup analy-
sis is its vulnerability to chance findings and bias (58, 59). However, without subgroup
analysis, the analyst must assume homogeneity of risk and benefit in those receiving treat-
ment. Recommendations can then be of two options only; to treat all mild hypertensive
patients or none (49, 60, 61).

The working party chose the simpler form of report. Its conclusion, reflecting the
‘‘all or none’’ basis for recommendations, was that if 850 mild hypertensive patients were
treated for one year, one stroke would be saved. It was a bleak conclusion, one that was
not very helpful in making a decision on whether an individual patient needed treatment.

Fortunately, it was not the working party’s last word on the matter: subgroup analy-
ses were done. One, using logistic regression analysis, compared risk of stroke in two
groups of men characterized by the presence or absence at entry of risk factors other than
blood pressure (19, 62); factors included advanced age, increased cholesterol and body
mass index, an ischemic ECG, and cigarette smoking. In the high-risk group, sharing all
these factors, treatment of only 20 men for one year with bendrofluazide was needed to
save one stroke. To save one stroke in the low-risk group without any of these risk factors
1250 men would need treatment for one year (62). Although the number eligible in such
groups is small, this was clear evidence that an ‘‘all or none’’ policy of treatment for mild
hypertension is untenable. Options now were to treat some, but not others.
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Reflecting this are recent guidelines on treatment from the World Health Organiza-
tion (WHO), International Society of Hypertension (ISH) (63), and the British Hyperten-
sion Society (64). These guidelines are to treat hypertensive patients with blood pressure
consistently in the mild hypertensive range, but only those with additional risk factors (as
in the regression analysis above). Patients with lower pressure and without these risks
should be followed up, untreated, but with an option of treatment if serial blood pressure
measurements show an increase or if other risk factors appear. Increasing age can raise
risk above this threshold for intervention even if other risk factors remain stable.

XIII. PRINCIPAL FINDINGS

Antihypertensive drug treatment produced a large reduction of stroke events in men and
women, with little or no reduction of coronary events or all-cause mortality (Fig. 7, Table
6). These were the patterns seen in the Australian (30) and European Working Party on
Hypertension in the Elderly (EWPHE) (52) trials but, with smaller numbers, their confi-
dence intervals were wider (Fig. 7). Behind these changes lie some interesting observations
on the relation between cardiovascular causes of death and cigarette smoking.

A. Cigarette Smoking Alters in Two Ways Cardiovascular
Risk and Benefits from Treatment

The relevant findings on the influence of smoking are in Table 7. Four conclusions can
be drawn. (a) In patients randomized to placebo, cigarette smoking increases risk from
stroke and coronary disease. These well-recognized effects were particularly significant

Fig. 7 Relative risk (ratio of rate in treated group and rate in placebo group) for stroke, coronary
events, and all-cause mortality in men and women of MRC trial (mean � 95% CI). Comparison
is with Australian trial (30) and the European trial of high blood pressure in elderly patients, EWPHE
(52).
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Table 6 Principal Results

Both active
Bendrofluazide Propranolol treatments

Men Women Both Men Women Both Men Women Both

Stroke events ↓*** ↓** ↓*** — — — ↓** ↓*** ↓***
Coronary events — — — — — — — — —
All cardiovascular events — — ↓* — — ↓* — — ↓**

Arrows indicate significant reduction compared with placebo group. Effects of cigarette smoking are given in
Table 3. *p � 0.05; **p � 0.01; ***p � 0.001.
Source: Ref. 19.

in women (Table 7). (b) In nonsmokers, both forms of active treatment reduced stroke to
a similar extent (Table 7). (c) Among smokers, only those randomized to bendrofluazide
showed benefit from reduction of stroke. (d) Propranolol reduced stroke in nonsmokers
but, importantly, not in smokers. Part of this failure may have resulted from a smaller
reduction of blood pressure by propranolol in smokers (65) and part from a significant
adverse interaction on outcome between smoking and propranolol (19, 21). The nature
and size of this interaction is unclear. One possibility discussed by Miall and Greenberg
(19) is that cigarette smoking increases catecholamines that, in the presence of nonspecific
beta blockade, may raise blood pressure or increase event rates by an alpha-adrenergic
action.

The findings for coronary events (Table 7) were as follows: (a) In smokers, coronary
events were more common than in nonsmokers in all treatment groups and in both sexes—
also a well-recognized observation. (b) As with stroke, relative risks (smokers/nonsmok-
ers) were greater in women than in men. (c) Among smokers, coronary events were not
significantly reduced in men or women by propranolol or by bendrofluazide (Table 7).
(d) In male nonsmokers, there was a small, just-significant reduction of coronary events

Table 7 Influence of Smoking

Stroke events Coronary events

Bendro. Prop. Plac. Bendro. Prop. Plac.

Men
Smokers 0.9**xx 5.2 4.3 12.7 13.8 12.6
Nonsmokers 1.1* 1.1* 2.4 7.4 5.0* 7.5

Women
Smokers 1.1 3.4 3.9 5.1 4.5 3.5
Nonsmokers 0.5 0.9 1.5 0.8 0.8 1.0

Men and Women
Smokers 1.0***xxx 4.3 4.0 9.3 9.5 8.5
Nonsmokers 0.8** 1.0* 1.9 4.1 2.9* 4.3

xxx, xx Dif. bendrofluazide v. propranolol. P � 0.001, 0.01.
***, **, * Dif. active treatment v. placebo, respectively 0.01 and 0.05.
Events are age-adjusted rates/1,000 patients years.
Source: Refs 19, 62.
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in those taking propranolol. When all cardiovascular events are taken together, this reduc-
tion was more significant in men (P � 0.01) (19). Thus, propranolol may reduce cardiovas-
cular events but only in nonsmokers.

B. Reduction of Stroke

The reduction of stroke or of other cardiovascular events can be expressed in three ways:

(1) As a relative risk:
event rate in treated patients
event rate in placebo group

(2) As a proportionate reduction of risk (proportionate benefit) expressed as a per-

centage: 100 �
event rate in treated group
event rate in placebo group

� 100%

(3) As an absolute reduction of risk (absolute benefit)

event rate in placebo group minus event rate in treated group. Logistic regression analysis
makes possible an extension of this method, an example being the comparison described
earlier of two groups of men with the same blood pressure, one having a series of risk
factors measured at entry, and the other not having them (62).

These methods make clear that stroke is significantly reduced in actively treated
patients, men and women separately (Fig. 7); in patients receiving bendrofluazide (Table
7), and in nonsmokers receiving propranolol (Table 7). Significant reductions were also
seen in bendrofluazide-treated patients with diastolic pressure at entry above and below
100 mm Hg (19). For propranolol, the reduction was significant only in those with higher
diastolic pressure at the outset (19).

C. Constant Proportionate Benefit from Reduction of Stroke
but with Wide Variation of Absolute Benefit

It is interesting that proportionate benefit from reduction of stroke in hypertension using
antihypertensive drugs is relatively constant across a wide range of severity. Figure 8 is
from an earlier analysis (49) showing this for seven placebo-controlled trials, including
the trial reviewed here. The index of severity in each, the rate of stroke events in its
placebo group, varies widely. A mathematical consequence of this variation in the presence
of constant proportionate benefit is that absolute benefit from reduction of stroke is steeply
graded. Thus, patients in trials at the upper end of the range of risk appear, in proportionate
terms, to benefit no more than those at the lower end of the range. In absolute terms,
however, benefit in these patients is much greater.

We have applied this principle to an analysis of subgroups of patients within the
MRC Mild Hypertension trial. Subgroups, all previously published (19, 62), were selected
by age, sex, level of blood pressure at entry, smoking habit, and treatment. The pattern
of findings (Fig. 9) is similar to that seen in the comparison of trials (Fig. 8). Again,
proportionate benefit among subgroups is relatively constant across a wide range of risk
in the placebo group. Because of this, absolute benefit is graded across the same wide
range. Also shown in this figure are two points from the logistic regression analysis de-
scribed previously; point A is of men at very low risk, point B is of men at very high
risk.

The slope seen in the lower panel of Figure 9 is not a correlation: some patients
appear in more than one analysis and one term—stroke rate in the placebo group—is
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Fig. 8 Comparison of absolute and proportionate benefit (see text) in seven trials. The analyses
show over a wide range of risk in the placebo groups of these trials a relatively constant proportionate
benefit but with steeply graded absolute benefit. (From Ref. 49, with permission.)

common to both axes of the graph. The purpose of the analysis was not this. It was to
test the hypothesis that, although proportionate benefit remains relatively constant across
a wide range of risk in treated patients, absolute benefit will vary markedly within sub-
groups of a trial. The implication is that, whereas comparisons of relative risk and of
proportionate benefit are important in assessing outcome of trials (Fig. 7), absolute benefit
is more discriminating and thus more useful as a basis for recommendations on treatment.
Policy guidelines (63, 64) make this point in their recommendations on management of
mild hypertension. Indeed, the WHO/ISH proposal (63) bases its recommendations on a
stratification of risk that is the equivalent of increasing absolute benefit by concentrating
treatment on patients in the upper right hand part of the distribution in Figure 9. The
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Fig. 9 Upper panel. Proportionate benefit from reduction of stroke in subgroups of MRC trial
(see below). Lower panel. Absolute benefit in the same subgroups. A � low risk group from regres-
sion analysis; B � high risk group; C � men aged 55–64 nonsmokers (NS), SBP � 160 (Ref.
MRC 1988); D � men aged 55–64 smokers, SBP � 160; E � women aged 55–64 NS, SBP �
160; G � Ref. 19, Table 9.2, M � F DBP � 95; H ⋅ ⋅ ⋅ G, DBP 95–99; J as G, DBP 100–104;
K as G, DBP 105�; L-Table 9.4, men aged 55–64, DBP � 100; M as L, DBP 100�; N Table
9.5, women aged 55–64, DBP 100�; P as N, DBP � 100; Q-Table 10.5, men aged 55–64, smokers;
R as Q, NS; S-Table 10.6 women NS; W-Table 10.5, men 55–64 NS; T-Ref. 62, women 55–64,
prop NS.

patterns seen in Figure 9 are not peculiar to the MRC trial. Ramsay and colleagues (66)
found similar patterns from subgroup analyses of this sort using data from other trials.

D. Influence of Treatment on Coronary Events
and All-Cause Mortality

Overall, active treatment had no significant effect on coronary events (Fig. 7). However,
comparison of thiazides and propranolol did show several differences: (a) Sudden deaths,
that is deaths occurring within one hour of the onset of symptoms and assumed to be
coronary events, were significantly more common in men of the thiazide group (rate 2.7/
1000 patient-years) than in men of the propranolol group (1.1). For men given placebo,
the rate was 1.9. The difference between the two forms of active treatment was significant
(P � 0.01) (19). An early trend in this direction was a reason for discussion during the
trial of a need on ethical grounds to stop testing thiazides. (b) Does propranolol have a
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cardioprotective effect? Coronary events overall were fewer in men taking propranolol
(rate 7.6) than in men taking placebo (9.0), an insignificant difference. As noted earlier
and in Table 3, the coronary event rate in nonsmoking men taking propranolol (5.0) was
significantly lower than in controls (7.5). It was insignificantly lower than in nonsmoking
men of the thiazide group (7.4). Taking both sexes together, the cardiovascular event rate
was significantly lower in the propranolol group among nonsmokers (19).

The lack of overall benefit for coronary events with the two forms of active treatment
(Fig. 7) may in part reflect a balance between the small adverse effect of thiazide and the
small protective effect of propranolol among nonsmokers.

E. Influence of Treatment on Incidence of New ECG Abnormalities

Electrocardiograms were recorded on all patients at entry and at the five annual visits.
Each trace was Minnesota-coded independently by two readers; a third arbitrated when
discrepancies arose. The findings are expressed as incidence rates for new ECG changes
developing during the trial (19).

(1). Transmural ischemic changes (Minnesota code 11–3): Compared with placebo
controls, propranolol reduced significantly (P � 0.05) the incidence of transmural in-
farction: 19.8 and 16.8 cases/1000 patient-years, respectively. Thiazide marginally in-
creased these changes: 22.7 cases/1000 patient-years compared with placebo (P � 0.05).
The difference between propranolol and thiazide-treated groups was highly significant (P
� 0.001) (19). Although this pattern of new ECG changes resembles the pattern for coro-
nary events occurring during the trial in nonsmokers (Table 7), the pattern of ECG changes
did not differ in smokers and nonsmokers. This was surprising given the findings for
coronary events in smokers (Table 7). An explanation considered by Miall and Greenberg
(19) was that smoking increased coronary events by a mechanism less dependent on coro-
nary atheroma, possibly one involving activation of fibrinogen (67).

(2). Left ventricular hypertrophy (Minnesota code 31); any drug lowering blood
pressure would be expected to reduce the incidence of left ventricular hypertrophy devel-
oping during treatment, and this was seen in patients of bendrofluazide and propranolol
groups. Interestingly, the reduction with bendrofluazide, 44%, was greater than that with
propranolol, 20%. Some of this difference may be explained by the greater reduction of
blood pressure with bendrofluazide (Fig. 6). However, when this was allowed for in multi-
ple regression analysis, a smaller but still significant difference favoring thiazide persisted
(19).

F. All-Cause Mortality

All-cause mortality was little different in controls and actively treated patients (respec-
tively, 5.9 and 5.8 deaths/1000 patient-years). Behind this lay an interesting balance of
opposite effects: in men a 13% reduction, in women a 25% increase (Fig. 7), a just-
significant difference between sexes (P � 0.05) using the more stringent system of P
value testing with Yates correction (19). In nonsmoking women, rates were 4.4, 3.6, and
2.3 for bendrofluazide, propranolol, and placebo groups, respectively. The increase in
women of the bendrofluazide group, by 91%, was significant (P � 0.01). This most likely
is a chance finding, a by-product perhaps of multiple subgroup analyses.

However, there is another possibility, one we have discussed previously (61): that
within a group of patients receiving an antihypertensive drug, there is a balance between
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its recognized favorable effect on outcome—a reduction of stroke for example—and a
much smaller adverse effect, one causing a small but constant absolute increase of mortal-
ity at all levels of risk. When overall risk is low, the balance favors the adverse effect
because absolute benefit from reduction of stroke is now also small. Because women,
particularly younger women, are those standing to gain least from the reduction of stroke,
it would be in such a group that a small absolute increase of risk could be first manifest.
Whether this is the explanation for the 91% higher mortality in nonsmoking women on
thiazide is far from sure. The possibility cannot be dismissed. Whatever the explanation,
the increase of this size in all-cause mortality certainly weakens the case for prescribing
thiazides in such women.

G. Active Treatment Prevents Mild Hypertension Becoming
Moderate/Severe Hypertension

As can be seen in Table 4, in 14% of patients taking placebo, blood pressure rose to
exceed trial limits. These patients had developed moderate/severe hypertension. On ethical
grounds they were withdrawn and actively treated. Active treatment from the outset almost
completely prevented this rise of pressure. In only 1% of patients taking diuretic and in
only 3% of those taking propranolol did blood pressure rise to exceed trial limits. This
preventative effect of active treatment is an important positive outcome from treatment
of mild hypertension.*

XIV. COURSE OF BLOOD PRESSURE ON STOPPING
ANTIHYPERTENSIVE TREATMENT

An interesting substudy was done of the timing and completeness of the return of blood
pressure to control values after stopping treatment (68). One thousand four hundred eigh-
teen men and 1347 women taking bendrofluazide, propranolol, or placebo at the end of
the 5-year study were randomized to stopping their original treatment or continuing with
that treatment. Continuing treatment had no effect on blood pressure in actively treated
groups, as did stopping or continuing treatment in the placebo group. Stopping bendroflu-
azide (gradually withdrawn over 1 week) led to a near-complete return of blood pressure
to placebo values 1 month later and complete return 3 months later. Stopping propranolol
(withdrawn more gradually in 50% of patients over 1 month) led to near-complete return
of pressure at 3 months, to complete return at 12 months (68).

These changes are a mirror image of those occurring after starting treatment in the
MRC trial in which a rapid decline of pressure occurred in early weeks with active treat-
ment, a slow decline followed for up to 6 months. Thereafter, blood pressure remained
stable (Fig. 2). Clearly, the processes governing these changes are slow acting, much
slower than rates at which propranolol produces beta blockade or diuretics produce a
balanced state, with equal input and output of salt and water. The ability of quick-acting
agents, often given in low doses, to promote slow-developing but ultimately large pressor
responses is an interesting but unexplained finding in hypertension research. Slow-devel-
oping and slow-regressing structural vascular change might be important here (69).

* We thank Sir James Black for emphasizing this point in correspondence he had with one of us over the form
taken by the first report on the MRC trial (21).
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XV. ECONOMICS AND OTHER RESEARCH BASED
ON MRC TRIAL PATIENTS

Actual expenditure at the end of the trial, just over £2.0M during 5 years at 1977 prices,
was close to the cost predicted at the outset (19). By any standards then and now, it was
a large and expensive trial. Even so, on medical and economic grounds it was important
to determine whether a condition affecting up to 10% of the adult population is best
managed by treating all, some, or none of the affected patients. Recommendations of the
WHO/ISH Committee (63) and all other guidelines are partly based on findings in the
MRC trial. We agree with the WHO/ISH system of stratifying risk at the outset (63): risk
relating partly to the level of blood pressure, but also to risk less clearly related to blood
pressure—age, the presence of ischemic heart disease, diabetes, high cholesterol, and oth-
ers. Where overall risks are high, treatment should begin; where risks are low, patients
should be followed up in the clinic, possibly with ‘‘lifestyle changes’’ only. These changes
include reduction of body weight, increase of exercise and, most important of all, cessation
of smoking. More lives could have been saved in the MRC trial had smokers stopped
smoking than were saved as a result of active treatment (61). The economic implications
of this are large but complex politically.

To evaluate outcome in treated and untreated patients was an objective of the MRC
trial; its expense was certainly commensurate with the cost of drugs prescribed in the trial.
More relevant is the cost of treating hypertension generally. A recent health survey for
England (70) suggests that just under 20% of adults are hypertensive and that half of
these are receiving antihypertensive drugs. The cost of prescriptions in these patients,
approximately 3 million and most having mild hypertension, will greatly exceed the cost
of testing these drugs in the MRC Mild Hypertension trial.

It is common for large clinical trials to provide opportunities for types of research
not otherwise possible because of high costs. For example, screening was the most expen-
sive element in the MRC trial (19) and, after the trial’s end, major opportunities were
taken for studies in screened subjects. Screening of a representative subsample of the
population of Paisley was the basis of a subsequent cohort study of 15,000 subjects
followed up for more than 25 years. Studies based on this cohort since have embraced
epidemiology, cardiology, respiratory medicine, genetics, cancer, and sociology. Three
references (71–73) describe recent studies and list some of the earlier work. Studies at
Ladywell in Edinburgh were of subjects screened in the MRC trial and of their offspring.
These have examined phenotypic and environmental factors influencing blood pressure.
Two recent papers (74, 75) give examples and information on earlier studies. As in other
large trials, the placebo group of the MRC trial has been used in numerous studies; one
by Millar and colleagues (29) is represented in this chapter by data from Figures 2–5.

It is relevant to the cost of the MRC trial that these studies are represented in more
than 50 publications and that all were dividends, mostly unforeseen, from the original
£2.0M invested by the MRC.

XVI. CONCLUSIONS

The MRC trial succeeded in its primary objective of testing separately two widely used
antihypertensive drugs. Good organization on a large scale and the enthusiasm and skill
of general practice physicians and their nursing colleagues played a major part (19, 28).
Benefit from reduction of stroke with active treatment was highly significant but because
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risks were small, absolute benefits were also small. The importance of mild hypertension
lies in the large number of patients at risk. Strokes prevented by treating this large number
would be considerable and worthwhile.

The decision to test separately two classes of drug in the trial was probably wise.
Differences of outcome comparing these drugs were considerable and most were unrelated
to differences of blood pressure. The use of two active treatments lent further support
to the view that there is more to treatment of hypertension than the lowering of blood
pressure.

The decision to report simply the principal findings without subgroup analyses and
with little discussion of recommendations on treatment was understandable but almost
certainly unwise. The prospect of treating 850 patients to save one stroke has haunted
discussion of the trial, despite clear evidence from papers published since (19, 62) using
subgroup analysis that absolute benefit within the trial varied markedly. The analysis in
Figure 9 of this chapter adds to this showing a wide range of absolute benefit among
subgroups of MRC trial patients.

An interesting but probably less important matter was the identity of patients whose
blood pressure on three occasions during screening and at entry was within trial limits,
but on one or more occasions after randomization fell below trial limits. Are these intruders
from below with normal blood pressure, or are they no more than mild hypertensives
defined in pragmatic fashion by six measurements of blood pressure on three visits? We
favor the second theory. The problem with questions such as these is that mild hyperten-
sion has only a weak claim for status as an entity, much weaker than that of malignant-
phase hypertension with its characteristic retinopathy and predictable course in the un-
treated state.
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Beta-Blockers Versus Diuretics in
Hypertensive Men: The HAPPHY Trial

LARS WILHELMSEN

Göteborg University, Göteborg, Sweden

I. INTRODUCTION

When the Heart Attack Primary Prevention in Hypertensives (HAPPHY) Trial was de-
signed in 1975 to 1976, a few randomized antihypertensive trials with placebo groups had
been published and had shown positive effects, primarily on stroke incidence and mortal-
ity. The effects on coronary heart disease (CHD), morbidity and mortality, were less appar-
ent (1, 2). At that time, thiazide diuretics and beta-blockers were becoming used as first-
line drugs in hypertension in many countries, and studies in Sweden indicated that these
two modalities were used by about 50% each. Some available results indicated beneficial
effects of beta-blocker treatment after myocardial infarction (MI) (3–5). Since then, sev-
eral large trials have confirmed that beta-blockers reduced the risk of death and reinfarction
by more than 20% in overviews including more than 20,000 patients (6).

II. OBJECTIVES OF THE TRIAL

The main objective of the HAPPHY Trial was to determine whether antihypertensive
treatment with beta-blockers differed from thiazide diuretic treatment with respect to the
incidence of nonfatal MI, mortality from CHD, and total mortality in men with mild to
moderate hypertension. The design and results were published in 1987 (7). A prerequisite
for the main objective was that an equal blood pressure reduction was achieved in both
treatment groups. In addition to the main objectives, the occurrence of side effects and
reported symptoms in each treatment group were assessed.

Two other trials designed to examine the incidence of major endpoints in hyper-
tensive patients on a beta-blocker based regimen compared with placebo, a non–
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Table 1a Classification of Risk Groups

Systolic blood
pressure Cholesterol Nonsmoker Ex-smoker Smokes g/day*

� 8.7 H H H H
� 190 mm Hg 7.0–8.6 M H H H

� 7.0 L M H H
� 8.7 M H H H

� 190 mm Hg 7.0–8.6 M M H H
� 7.0 L L M H

* For calculation of tobacco consumption in grams the following values are used: 1 cigarette � 1 g; 1 cheroot �

2 g; 1 cigar � 5 g. A packet of pipe tobacco normally contains 50 g. The consumption per week is divided by
7 to obtain the daily consumption.
H, high-risk group; M, medium-risk group; L, low-risk group.

Table 1b Randomization Groups

Age 40–49 50–59 60–64

H, High-risk group 3 6 9
M, Medium-risk group 2 5 8
L, Low-risk group 1 4 7

From Ref. 11, with permission.

beta-blocker regimen including thiazide diuretics, or both were also initiated in 1977
(8, 9).

III. DESIGN

For the study to have the highest power possible, we tried to include patients with a
high expected endpoint incidence. Therefore, only men with their higher CHD endpoint
incidence compared to women were included. We also used a stratification scheme in nine
groups according to the predicted CHD risk based on serum cholesterol, smoking habits,
and systolic blood pressure (SBP) (10), as well as age group (40–49, 50–59, and 60–69
years). The stratification procedure is presented in Table 1 (11).

The incentive to launch the trial came from researchers not related to any pharmaceu-
tical company. However, financial support and help in recruiting collaborators and patients
were given by the ASTRA as well as the ICI (later Zeneca) companies.

Individual centers chose to use either atenolol or metoprolol, and bendrofluazide or
hydrochlorothiazide. Thus, there was no randomization between centers choosing different
alternatives. Therefore, it would not be possible to compare the two beta-blockers or the
two diuretics. The effects of beta-blockers and diuretics, respectively, were predicted to
be similar on the endpoints studied (class effects).

Assumptions made about distribution of high- and low-risk patients in participating
centers gave a predicted CHD endpoint (fatal plus nonfatal) rate of 20/1000 patient-years.
To demonstrate a (somewhat optimistic) 30% lower incidence of nonfatal plus fatal CHD
in the beta-blocker group compared with the diuretic group, a two-tailed test with accept-
able statistic certainty (alpha � 0.05, beta � 0.90) called for accumulation of 20,000
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Table 2 Inclusion Criteria

• Men aged 40–64 years free of clinical coronary heart disease.
• Patients with treated hypertension may be included if antihypertensive treatment had been

withdrawn for at least 4 weeks.
• Mean value of four diastolic blood pressures (phase V) �100 mm Hg measured at two

occasions, 14 days apart. Screening blood pressures must not be used for this calculation.
• Patients may be recruited via population screening, hospital clinics, or practices.

patients-years allowing for a 10% noncompliance rate. At a meeting with the steering
committee in April 1984, it was expected that this number of patient-years should be
reached during the autumn of 1985, and the formal closing date was set at December 31,
1985.

At the closure of the main trial, the ASTRA company decided that it would be of
interest to continue follow-up of patients randomized on metoprolol versus diuretics, and
66 of these 70 centers decided to do so. That study is presented in another contribution
(Chapter 7) in this volume.

A. Patients and Procedures

Men aged 40 to 64 years with a diastolic blood pressure (DBP) between 100 and 130 mm
Hg (mean of four readings on two different occasions) were recruited to the trial. The
first two readings were taken at an interval of 15 minutes and the remaining two were
taken at the same interval at least 14 days later. The pressure was measured with the
patient in the sitting position with a device that allowed blind registration (Hawksley
Random Zero Sphygmomanometer).

Between 1976 and 1984, 6569 patients from 184 centers in 15 countries were re-
cruited to the trial. Patients were randomized to treatment with either diuretic (3272 pa-
tients) or a beta-blocker (3297 patients). More than 99% of the patients were Caucasians
(5548 from Europe and 1021 from the United States). Most of the men in the trial were
recruited from population screening examinations or from physicians’ offices. Patients
already receiving antihypertensive treatment could be recruited to the study, providing
they fulfilled the inclusion criteria after a treatment-free interval of four weeks. Thirty-
five percent of all patients included had been undergoing antihypertensive treatment before
randomization. Inclusion criteria are listed in Table 2 and exclusion criteria are listed in
Table 3.

Table 3 Exclusion Criteria

A history of:
Myocardial infarction
Angina pectoris
Stroke
Malignant or secondary hypertension
Cancer or other malignancy
Liver cirrhosis
Alcoholism
Other serious disease
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At their initial visit, all men eligible for the study were questioned about previous
diseases, cardiovascular symptoms, and smoking habits. Patient well-being, initially and
during the trial, was assessed using a standardized symptom questionnaire. Patients were
first asked whether the treatment had resulted in any side effects since their last visit, and
then were questioned more specifically regarding 23 specified symptoms.

B. Treatment

Drugs and doses are given in Table 4. Doses were chosen in an attempt to achieve equipo-
tent antihypertensive effects. If the initial drug did not give a satisfactory blood pressure
reduction, adjuvant drugs were added until the therapeutic goal was reached, that is, a
sitting DBP less than 95 mm Hg. If the goal blood pressure was not attained with the
drugs and doses shown in the schedule, other drugs, free of choice, were added. Any dose
increase and the need for additional antihypertensive medication were assessed at sched-
uled visits 2 months after entry and every 6 months thereafter, or at closer intervals if
deemed necessary by the physician. Reduction of the dose was undertaken if hypotensive
symptoms or other side effects developed. The two basic drugs (beta-blockers and thiazide
diuretics) were not to be crossed over or given together. However, for ethical reasons and
at the discretion of the physician in charge, a patient with a nonfatal MI in the diuretic
group could be treated with a beta-blocker, and a patient with cardiac failure randomized
to beta-blocker was allowed diuretic treatment.

Until 1981, a second dose step amounting to twice the original dose was used in
both the diuretic and the beta-blocker groups. However, because of concern regarding an
increased risk of side effects with high doses and, as the blood pressure dose-response
curve for both beta-blockers and diuretics was relatively flat, it was decided to terminate
the use of the second dose step in all patients in 1981.

At the check-up that was performed every 6 months, it was found that compliance
to these changes were followed very rapidly. An important reason for this good compliance

Table 4 Treatment Schedule

Daily Daily
Diuretics dose (mg) Beta-blockers dose (mg)

Initial treatment
Bendroflumethiazide* 5 Atenolol 100
or or
Hydrochlorothiazide 50 Metoprolol† 200

Additional treatment step
(1) Hydralazine 75
(2) Hydralazine 150
(3) 2 � spironolactone 75
(4) 2 � spironolactone 150
(5) 4 � optional drug

Until 1981, a second dose step was used for both diuretics and beta-blockers. These doses were twice those
shown in the table. Propranolol (160 mg daily) was given to 46 patients in one center. In centers where beta-
blockers were given twice daily, the diuretic was also given twice daily.
* K� supplementation was optional; built-in amiloride and triamterene were also allowed.
† Metoprolol was given either as ordinary tablets, 100 mg twice daily, or as extended release tablets (Durules,
200 mg daily.
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was most probably the generally accepted tradition by the medical community to use those
lower doses.

C. Follow-Up

Data were collected at entry, after 2, 6, 9, and 12 months, and every 6 months thereafter.
At each visit, blood pressure and heart rate were recorded. Data on serum potassium,
serum uric acid, serum creatinine, serum cholesterol, urine tests for albumin and glucose,
electrocardiogram, and weight were obtained annually. All patients were followed up to
the end of the study even if they reached a nonfatal endpoint before hand. If a patient
was withdrawn from randomized treatment, the reason was stated in the follow-up form.
We used an intention-to-treat analysis, so these patients were still included in the study.
However, in the very early phase, there were some patients for whom only an initial record
form but no other information was achieved, and these patients (fewer than 10) were
excluded from the trial according to a decision by the steering committee during the first
year of the trial.

D. Assessment of Endpoints

During the whole trial, death (cause specific), nonfatal MI, and stroke were recorded on
follow-up record forms. The trial was closed at midnight, December 31, 1985. All end-
points occurring between entry to the trial and this endpoint were included in the analysis.
A special form reporting the status of every patient at this closing time (with or without
an endpoint) was completed and signed by the investigator during early spring of 1986.
Sixty-four patients (1%) could not be traced for this assessment. These patients, who were
equally distributed between the two treatment groups, were included in the analysis by
using the endpoint information recorded on earlier follow-up visit forms.

All the relevant information required to validate the diagnoses of endpoints was
collected from patient files, death certificates, coroner’s reports, and autopsy records and
assessed by the independent (blinded) endpoint committee.

For the diagnosis of MI to be confirmed, at least two of three criteria (typical chest
pain, ECG changes, and elevation of serum transaminases) had to be fulfilled. In addition,
an event that fulfilled only one of these criteria was diagnosed as a possible MI. The
diagnosis of fatal acute MI was also confirmed if given as the main cause of death or by
the presence of recent myocardial necrosis at a postmortem examination. Sudden cardiac
death was defined as death not resulting from extra coronary causes occurring within 24
hours of the onset of symptoms.

Stroke was defined as unequivocal signs of focal or global neurological deficit of
sudden onset with a duration of at least 24 hours, judged clinically to be of vascular origin.
Fatal stroke was recorded when stated as the main cause of death on a death certificate.

Diabetes mellitus was defined as fasting blood sugar higher than 6.8 mmol/L and
at least two positive dip tests for glucosuria. Heart failure and gout were recorded when
clinically diagnosed.

The trial was open to both physicians and patients, but the assessment of endpoints
was done blindly, with care taken to record every possible endpoint even if it had been
missed during the running of the trial. This methodology since has been used by others
and has been given the name Prospective Randomized Open-Label Blinded End-Points
(PROBE) design.
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E. Trial Committees

All major decisions during the trial were taken by an international steering committee.
The working party, consisting of the Göteborg-based members of the steering committee,
managed the day-to-day running of the trial. An independent safety committee reviewed
the incidence of endpoints for safety when half the required number of patient-years was
achieved and did not recommend to stop the trial from a safety point of view. An indepen-
dent endpoint committee reviewed the diagnoses of the endpoints without knowing to
which treatment patients had been randomized. An independent data auditor made personal
visits to a number of randomly selected centers to review data quality and checked all
the available information at the coordinating center in Göteborg.

Names of committee members and participating centers are listed at the end of this
chapter.

F. Statistical Methods

The analyses were made on an ‘‘intention-to-treat’’ basis. Comparisons of rates between
groups were carried out using Fisher’s exact test. The life table method according to
Kaplan-Meier (12) was applied to take into account the time from randomization to the
endpoint. When analyzing mortality, patients who experienced a nonfatal event during
the trial were followed up until death or until the closure of the trial, that is, they were
not censored at the time of the nonfatal event. The Cox regression analysis (13) was used
to adjust for differences in baseline variables between the two treatment groups. Two-
tailed tests were used and P values less than 0.05 were considered as significant when
testing the main hypothesis. Some subgroup analyses were performed. As stated above,
the two beta-blockers used were considered to have comparable effects on the endpoints.
The two beta-blockers were not randomly allocated and it was considered inappropriate
to perform statistical testing between the two beta-blocker groups.

IV. RESULTS

At the time of closing the trial, 24,665 patient-years had been achieved. Baseline character-
istics were well balanced in the two treatment groups with two exceptions: body weight
and serum uric acid levels were higher in the beta-blocker group than in the diuretic group
(Table 5). The estimated CHD risk based on the combination of age, serum cholesterol,
SBP, and smoking habits did not differ between the treatment groups. An average of 37.1
months total follow-up time was collected on follow-up visit forms, whereas the mean
follow-up to the closure of the trial was 45.1 months.

A. Antihypertensive Drug Treatment

Of the patients randomized to diuretics and beta-blockers, 83.4% and 85.9%, respectively,
were on the scheduled treatment. About 4% in both the diuretic and the beta-blocker group
were taking the opposite drug, and approximately 3% were taking drugs other than those
stipulated in the protocol. Of those randomized to diuretics and beta-blockers, 6.0% and
5.5%, respectively, were not taking any antihypertensive drug treatment. In the diuretic
group, 61.9% were receiving monotherapy compared with 68.0% in the beta-blocker group
(P � 0.001). Of the patients randomized to diuretics and beta-blockers, 22.5% and 17.7%,
respectively, were prescribed the second dose step until it was omitted in 1981. Of patients
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Table 5 Patient Data at Entry and Treatment Years at Risk

P-values
Diuretics Beta-blockers for difference

Patient number 3,272 3,297
Patient years at risk 3,272 3,297

Until December 31, 1985 12,238 12,427
Until last visit 10,012 10,279
On randomized drug until last visit 8,922 9,291

Smoking habits (%)
Current smoker 34 35
Ex-smoker 22 20 �0.40
Nonsmoker 44 45

Major Q-wave 1.7 2.3
Mean values and s.d.

Age (years) 52.3 7.1 52.2 6.9 �0.40
Blood pressure (mm Hg)

Systolic 166 19 166 19 �0.40
Diastolic 107 7 107 7 �0.40

Heart rate (beats/min) 77 12 77 12 �0.40
Body weight 83.0 13.0 83.7 13.0 0.051
Body mass index (kg/m2) 27.1 3.7 27.3 3.8 0.078
S-cholesterol (mmol/L) 6.25 1.23 6.25 1.45 �0.40
S-creatinine (µmol/L) 93.5 16.1 93.7 16.4 �0.40
S-potassium (mmol/L) 4.27 0.43 4.29 0.44 0.200
S-urate (µmol/L) 356 80 360 79 0.046

Proportion (%) of patients in
High-risk groups 27.4 27.0
Medium-risk groups 25.3 26.0 �0.40
Low-risk groups 47.3 46.8

Multiple risk score 0.1252 0.1253 �0.40

* Minnesota code 1: 1–2.

randomized to diuretics and beta-blockers, 24.2% and 21.0%, respectively, were given
hydralazine as the second drug, and 5.2% in both groups had spironolactone as the third
drug treatment. The crude withdrawal rate, calculated as the number of withdrawn patients
divided by the total number of patients, was 8.9% and 7.9% in the diuretic and beta-
blocker groups, respectively (nonsignificant [NS]), corresponding to an annual withdrawal
rate of 2.4% per year for the diuretic-treated group and 2.1% for the beta-blocker-treated
group. About the same number of patients in the two groups were receiving treatment
during follow-up—90.4% of the total follow-up time in the beta-blocker group compared
to 89.1% in the diuretic group.

B. Effects on Blood Pressure and Other Variables During Follow-Up

There was a major and similar reduction in blood pressure during the first year from 166/
107 to 141/90–91 in the two treatment groups, and until the last visit only a further
decrease of 1 mm Hg systolic and 2 mm Hg diastolic. Heart rate decreased more in the
beta-blocker group, whereas body weight increased slightly in that group but remained
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unchanged in the diuretic group. Prevalence of smoking decreased to 28% in both treat-
ment groups during the trial. There was a slight decrease in serum total cholesterol (6.25
vs. 6.13 mmol/L, P � 0.018) in the beta-blocker group but not in the diuretic group.
Serum potassium was unchanged in the beta-blocker group but decreased in the diuretic
group (4.29 to 3.98 mmol/L, P � 0.001). Serum urate increased in both treatment groups,
but significantly more so in the diuretic group (356 to 396 µmol/L, P � 0.001).

C. Mortality and Morbidity

As seen in Table 6, there was no significant difference in the incidence of fatal and nonfatal
CHD events between the two groups, but the incidence was slightly higher in the beta-
blocker group. Stroke mortality and the incidence of nonfatal stroke tended to be lower
in the beta-blocker group than in the diuretic group, but not significantly so. Cox regression
analyses were performed on the relationship between randomized treatment and endpoints,
adjusting for differences in entry characteristics, but the results did not differ from those
of the comparisons of the crude endpoint rates. None of the patients withdrawn from
diuretic treatment (n � 292) experienced a CHD event. Among the patients withdrawn
from beta-blocker treatment (n � 261), eight experienced a CHD event. Four of the pa-
tients withdrawn from diuretics, but none of those withdrawn from beta-blockers, experi-
enced a stroke. Four patients in the diuretic withdrawal group and six patients in the beta-
blocker withdrawal group died.

D. Side Effects and Reported Symptoms

The percentage of patients withdrawn because of side effects was 2.4% and 2.0% in the
diuretic and beta-blocker groups, respectively. More patients on beta-blockers than on
diuretics reported symptoms related to treatment: 19.1% and 16.0% (P � 0.001), respec-
tively. Most of the symptoms according to the standardized questionnaire were less com-
mon after the start of treatment than initially. Symptoms that were more common in the
beta-blocker group were breathlessness, decreased physical capacity, cold hands and feet,
slow heart rate, diarrhea, unusual tiredness, and nightmares. Irregular heart rhythm and
dry mouth were more common in patients taking diuretics.

E. Incidence of CHD in Relation to Predicted CHD Risk at Entry

There was a clear increase in CHD incidence with increasing predicted risk, but there was
no difference in any of the quartiles of predicted risk between diuretic and beta-blocker
groups. The risk increased from 4% in the first quartile to 6%, 10%, and 17% in the
second, third, and fourth quartiles, respectively.

Total mortality was twice as high among smokers compared with nonsmokers; rate
per 1,000 patient-years was 13.96 and 12.08 in the diuretic and beta-blocker groups, re-
spectively. For nonfatal and fatal CHD, there was a slightly higher incidence in the beta-
blocker group: 16.26 versus 14.68 per 1,000 patient-years, respectively. The stroke rate
was 4.81 and 3.95 per 1,000 patient-years in the diuretic and beta-blocker groups, respec-
tively. No difference was shown between smokers and nonsmokers regarding the effects
of beta-blockers versus diuretics, and there was no significant difference regarding new
heart failure, incidence of diabetes, or gout.
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Table 6 Total and Cause-Specific Mortality, Nonfatal Myocardial Infarction, and Nonfatal Stroke

Beta-Blockers
Diuretics (n � 3272) (n � 3297)

Rate/1000 Rate/1000 Odds ratio Confidence
n patient-years n patient-years diuretics/beta-blocker interval (95%)

CHD events
Fatal CHD 50 4.09 54 4.35 0.93 (0.64–1.37)
Nonfatal MI 75 6.13 84 6.76 0.90 (0.66–1.23)
Fatal and/or nonfatal CHD* 116 9.48 132 10.62 0.88 (0.68–1.14)

Stroke events
Fatal stroke 10 0.82 3 0.24 3.37 (0.96–9.53)
Nonfatal stroke 32 2.61 29 2.33 1.11 (0.68–1.83)
Fatal and/or nonfatal stroke* 41 3.35 32 2.58 1.29 (0.82–2.04)

Deaths
Fatal CHD 50 4.09 54 4.35 0.93 (0.64–1.37)
Fatal stroke 10 0.82 3 0.24 3.37 (0.96–9.53)
Other deaths 41 3.35 39 3.14 1.06 (0.69–1.64)
All deaths 101 8.25 96 7.73 1.06 (0.80–1.41)

Patients with an endpoint† 192 15.69 197 15.85 0.98 (0.80–1.20)
Total number of endpoints† 224 225 1.00 (0.83–1.21)

All differences P � 0.20 except for the difference in stroke mortality. P � 0.09.
* Patients who had suffered both a nonfatal and a fatal endpoint were only counted once.
† Death, nonfatal myocardial infarction, nonfatal stroke.
Abbreviations: CHD, coronary heart disease; MI, myocardial infarction.
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V. DISCUSSION

A. Design Considerations

This study was not blinded for physicians or patients. The trial was planned for a duration
of 5 years or more. It was believed to be difficult to keep patients and doctors blinded to
the type of treatment during that long period, especially as additions of several drugs could
be expected. The reduction and heart rate produced by beta-blockade and the occurrence
of hypokalemia associated with thiazide diuretic treatment would rather easily break the
code. The management of patients would also mirror the clinical situation much better if
physicians were able to tailor the therapy to control blood pressure as well as possible.

To counterbalance the problems of the nonblinding, maximum efforts were under-
taken to avoid bias when assessing the major endpoints of the trial. An independent end-
point committee, which was not aware of the patients’ treatment, scrutinized all endpoints.
Withdrawals caused by side effects might, however, be biased given the prejudices of
participating physicians.

Another way of preventing bias was the use of a special closing-out form that was
signed for every patient, with or without endpoints, just after the close of the trial. A few,
previously unknown endpoints were in fact detected by this procedure.

The special 23 question assessment of side effects could well be biased. Beta-block-
ers were associated with more subjective side effects, whereas diuretics showed lower
levels of serum potassium and higher levels of serum urate than beta-blockers during
follow-up. Patients’ knowledge about subjective side effects of beta-blockers might have
influenced their tendencies to respond, but we have no way of assessing this.

A placebo group was not included because of the knowledge at start of the trial that
some mortality and morbidity endpoints were reduced by antihypertensive treatment, and
the knowledge that some large trials were underway. The Hypertension Detection and
Follow-Up Program (14) showed that effective step care treatment decreased mortality
compared with usual care. The Australian National Blood Pressure Trial (15) showed a
significant effect on diuretic-based treatment on total mortality. The overview of random-
ized drug trials in hypertension later showed clear benefits on stroke and also significant
benefits on CHD, even though these benefits were smaller than expected from epidemio-
logical studies (16).

The general consensus has been that moderately to severely increased blood pressure
levels have to be treated. However, we have recently demonstrated in a large random
population sample that patients with hypertension, even those who were brought down to
completely normal blood pressures, still had an increased risk for both stroke and CHD
during 20 years of follow-up (17). Interestingly, the risk among the hypertensives was
not increased during the first 6 to 8 years, corresponding to the duration of the previously
mentioned positive intervention trials. Thus, there is still a need for finding better treatment
modalities among hypertensive patients, and it might be that treatment has to be tailored
to the specific metabolic or other abnormalities that are related to the blood pressure in-
crease. One such group of abnormalities that has received different names is the so-called
insulin-resistance syndrome (18). In a population study, we found these disturbances in
6% of hypertensives and 3% among nonhypertensives (19). Interestingly, at age 50, people
with these metabolic disturbances also had bigger heart volumes, which indicate a multi-
faceted disease with definitely worse long-term prognosis. Most treatments used in hyper-
tensive patients until today have not affected these apparently basic, and probably geneti-
cally determined, abnormalities.
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B. Beta-Blockers Versus Diuretics

The findings of the present trial are consistent with the main results of the International
Prospective Primary Prevention Study in Hypertension (IPPPSH) and Medical Research
Council (MRC) trials (8, 9). The very positive results of beta-blockers used both in the
acute phase of MI and long-term follow-up could not be found in these three trials that
did not include patients with clinical CHD.

There are several possible explanations for this lack of effect among hypertensives.
1. Not even in the highest risk stratum in this study did we find any significant

difference between beta-blockers and diuretics with respect to CHD incidence or mortality.
In one of the very first trials of beta-blockade in MI in which stratification was used, we
found mortality only in the high-risk groups during 2 years of follow-up, and the effect
of beta-blockade was only seen in these groups (20). These high-risk groups had a consid-
erably higher mortality during follow-up than was seen even in the highest risk quartile
of the present hypertensive patients. Similarly, in a much larger trial of patients with acute
MI, it was found that the benefit of beta-blockade versus placebo was only seen among
the highest risk groups (21). Thus, the first reason for the lack of difference between beta-
blockers and diuretics in the present study might be that there were too few patients high
risk enough to enable demonstration of any difference between diuretics and beta-blockers
during follow-up.

2. Another explanation might be that beta-blockers exert their cardioprotective
effect only in an ischemic myocardium as, for example, when an MI has occurred. There
are similar conditions in other situations. Ventricular ectopic beats do not seem to have
the same poor prognostic importance in healthy people as they have in patients with isch-
emic heart disease.

3. Adverse side effects on metabolic variables such as potassium, uric acid, and
lipids might be other explanations for lack of effect. However, hypokalemia developed
significantly more frequently in the diuretic group, and sudden cardiac death or fatal
MI did not occur more frequently in the diuretic group than in the beta-blocker group.
Beta-blockers have sometimes been associated with adverse effects on lipid levels,
especially triglycerides. The latter were not routinely measured in the present trial. How-
ever, serum total cholesterol decreased significantly in the beta-blocker group compared
with the diuretic group, where it remained unchanged during the trial. In summary, it does
not seem that metabolic adverse effects were responsible for the lack of effects in the
trial.

4. Body weight did not increase in the diuretic groups but increased by 1.1 kg in
the beta-blocker group, which is a known effect of beta-blockade. An increase in body
weight would not have materially reduced the possible effects of beta-blockade on hard
endpoints during this limited period of the trial. The same effect on body weight has been
seen in beta-blocker groups in secondary prevention.

Subgroup analyses of the MRC and IPPPSH trials (8, 9) have suggested that smokers
benefit less from beta-blocker treatment than nonsmokers. We found no evidence of such
a difference in this trial. As in many earlier and later trials, this discrepancy indicates the
dangers in putting emphasis on post hoc subgroup analyses. These findings might well
be the result of chance. In the two other trials, however, nonselective beta-blockers were
used, and there is a slight possibility that the catecholamine-induced pressor response to
smoking may be greater in subjects receiving a nonselective rather than beta1-selective
beta-blocker (22).
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versitätsklinik, München); Hosie J (general practitioner, Glasgow); Hörnkvist P-E (Göte-
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I. PRIMARY PREVENTION OF SUDDEN DEATH

The goal of treating patients with hypertension is to prevent morbidity and mortality asso-
ciated with high blood pressure and to control blood pressure by the least intrusive means
possible (1). Sudden death is the major challenge as it is the most common cause of death
in patients with hypertension (2). Primary preventive trials have not yet produced data
indicating that any of the agents—diuretics, angiotensin-converting enzyme (ACE) inhibi-
tors, All-blockers, calcium antagonists, or alpha-blockers—can affect the risk of sudden
death (1–7). Evidence from randomized clinical trials with beta-blockers, however, indi-
cate an important role for these agents in the primary prevention of sudden death (2–4).
One of these studies was the Metoprolol Atherosclerosis in Hypertensives (MAPHY) study
comparing metoprolol and diuretics (8–12).

A. Study Design: The MAPHY Study

1. The Original Study: Beta-Blockade Versus Saluretics in Hypertension

Plans were drawn up in 1975 in Göteborg, Sweden, for a study comparing beta-blockade
with thiazide diuretic treatment in hypertensive patients. This study, entitled ‘‘Beta-Block-
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ers Versus Saluretics in Hypertension,’’ (13) is the parent trial for both the MAPHY study
(8–12) and the Heart Attack Primary Prevention in Hypertensives (HAPPHY) study (14).
For reasons of statistical power, it was decided to only include patients at increased risk
for coronary events: male patients with untreated diastolic blood pressure at or above 100
mm Hg (13).

Inclusion criteria were as follows:

• Male sex.
• Age 40 to 64 years at randomization.
• Untreated diastolic blood pressure 100 to 130 mm Hg.

Comment: Blood pressure recordings were taken after 5 minutes’ rest twice at
15-minute intervals. Blood pressure was measured blindly (Hawksley random-
zero sphygmomanometer or London School of Hygiene Blind Manometer) in
the right arm with the patient in a sitting position (mean of four readings on two
different occasions at least 2 weeks apart).

• Informed consent.

Exclusion criteria were as follows:

• Because this was a primary preventive study, a history of myocardial infarction,
angina pectoris, or stroke was an exclusion criterion.

• Malignant or secondary hypertension.
• Malignant disease, liver cirrhosis, alcoholism, or other serious disease.
• Relative or absolute contraindications to beta-blockers or thiazide diuretics.
• Patients with other nonhypertensive conditions requiring treatment with a beta-

blocker or a diuretic.

Recruitment was aimed at 20,000 patient-years with a statistical power of α � 0.05
and β � 0.90 for the detection of a hypothesized 30% difference in coronary events. When
the study was initiated, data existed to show that in hypertensive men with diastolic blood
pressure above 100 mm Hg, thiazide diuretics reduced the risk for stroke (15). For ethical
reasons, therefore, a placebo group could not be included. The original protocol from 1976
stipulated that patients should be randomly assigned to treatment with a thiazide diuretic
(hydrochlorothiazide or bendroflumethiazide) or one of the three beta-blockers, metopro-
lol, propranolol, or alprenolol. A fixed therapeutic schedule should be used to reach the
treatment goal of diastolic blood pressure less than 95 mm Hg in all patients randomized
(8, 13). Propranolol was used in only one center with a total of 88 patients (11, 16, 17).
None of the centers chose to use alprenolol. The first patient was randomized at the center
in Sahlgrenska Hospital, Göteborg, Sweden, March 15, 1976, a center that chose metopro-
lol as the beta-blocker. Thus, the study following the original protocol essentially com-
pared metoprolol and thiazide diuretics.

2. The HAPPHY Study: Pooling of Metoprolol, Propranolol,
and Atenolol Data

In 1978, more than 2 years after the first patient was randomly assigned according to the
original protocol, atenolol had become available in many countries, and the original proto-
col was modified to allow for centers that could randomly assign patients to either atenolol
or diuretics (Fig. 1) (11). The metoprolol, propranolol, and atenolol parts were run in
parallel and kept completely separate regarding randomization and follow-up, because the
original protocol stipulated that only one beta-blocker could be used within each center
(13, 16, 17). The reason for adding a new beta-blocker was to increase recruitment, and
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Fig. 1 Schematic design of the study Beta-Blockers Versus Saluretics in Hypertension. which
was the parent trial for both the MAPHY study (8–11) and the HAPPHY study (14). For reasons
of simplicity, the single propranolol center has not been illustrated. R � randomization. (From Ref.
11, by permission.)

the design was not planned for a comparison of different beta-blockers. After 1981, this
joint study was called HAPPHY. Results from 6569 men covering 20,000 patient-years
with the pooled data, known as the HAPPHY study, were initially analyzed and published
in 1987 (14). Because atenolol was introduced to the HAPPHY study 2 years after meto-
prolol, the mean follow-up time was considerably shorter in the atenolol part as compared
with the metoprolol part (Fig. 1).

3. The MAPHY Study

In October 1985, it was decided to close the HAPPHY study on December 31 because
the pooled data had accumulated 20,000 patient years. The pooled data did not show any
difference between patients randomized to beta-blockade or diuretics (14). An immediate
decision (October 1985) was taken to continue follow-up at metoprolol centers according
to the original study protocol from 1976. No information was available whatsoever for
anyone involved about endpoints in the different beta-blocker arms of HAPPHY when
the decision to continue follow-up at metoprolol centers was made in October 1985 (9).
Such information did not become available until 1989 (16, 17). The background for the
decision to continue follow-up at the metoprolol centers was as follows: in 1985, the
results of the Medical Research Council (MRC) study and the International Prospective
Primary Prevention Study in Hypertension (IPPPSH), performed in both men and women,
were published (18, 19). The results in the two sexes combined suggested that beta-blocker
therapy was not effective in terms of reducing coronary events. However, at that time,
and as summarized in the original mortality report from MAPHY (8), evidence was accu-
mulating to suggest that certain beta-blockers had various actions that indicated the poten-
tial for antiatherosclerotic and cardioprotective effects. In addition, the long-term postin-
farct studies with timolol, propranolol, and metoprolol had produced positive results (2).
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Furthermore, there was some evidence in data published in 1985 from MRC and IPPPSH
that in men, relative risk was lower with beta-blockade as compared with a mainly thiazide
diuretic-based schedule (20). However, 60% of those on beta-blockade in IPPPSH also
received a diuretic, making it hard to compare drug effects in a valid way. Accordingly,
it could be considered that the MRC and IPPPSH had failed to yield positive results for
a number of reasons, one of which was that women with a low absolute risk for coronary
events had been included and had diluted the results, and because the number of events
in the men was not large enough to allow for a powerful statistical analysis. With this in
mind and knowing the animal and postinfarct data, it was decided that follow-up should
continue at the metoprolol/thiazide diuretic centers. Four U.S. centers with 59 randomized
patients were unable to participate in this follow-up (8). The vital status of these patients
was checked, and as of February 28, 1987 (the closing date for MAPHY, see below), 58
were alive, and one was unavailable for follow-up (this patient was randomized to diuret-
ics). The aim of this follow-up was to obtain additional data regarding the possible cardio-
protective benefits of metoprolol. At the meeting of the MAPHY study steering committee
in March 1987, data were presented on the number of patients with combined use of beta-
blockade and thiazide diuretics in the two randomization groups. The data showed an
increasing use of beta-blockade in the diuretic group as the follow-up period lengthened
(20.4% taking beta-blockers in the diuretic group in the fourth quartile follow-up, more
than 6.15 years) (8). It was decided to close the study by February 28, 1987. At this point,
several hundred patients were reported as unavailable for follow-up.

B. Follow-Up and Administrative Routines

The MAPHY Study followed the original protocol of ‘‘Beta-Blockade Versus Saluretics
in Hypertension’’ as defined in 1976, although the aim of having data on 20,000 years
was not achieved. Every patient entered on the randomization list was included in the
follow-up, regardless of treatment status. The start of treatment was defined as the date
of randomization. For living patients, the end of the study was defined as the day of the
last follow-up interview. The latest follow-up date for any patient was February 28, 1987.

All information on whether patients were alive, dead, or unavailable for follow-up
was gathered by using specially designed questionnaires. A specially designed question-
naire was also sent to all investigators who reported that patients had died during the
follow-up, asking for detailed information on death certificates, hospital files, and necrop-
sies. A major operation was run during 5 months to trace patients initially reported as
unavailable for follow-up. At the close of the study, 3085 patients were reported to be
alive and 148 dead. One patient was unavailable for follow-up (randomized to diuretic).
Of the 3085 patients alive, 3039 were seen by the investigators, 27 were contacted person-
ally by telephone, three were reported alive by relatives, and 16 were reported alive by
an up-to-date population register (8).

In the 148 patients who died, death certificates were available for 115 patients;
hospital-based files, but no death certificate, were available for 17; signed letters from
investigators defining identity and the circumstances of death were available for nine, and
other information, such as police reports and non–hospital-based medical files, was avail-
able for seven patients. The autopsy rate was 51%.

C. Main Endpoints and Classification of Endpoints

The main endpoints were total mortality, sudden cardiac death, the pooled incidence of
fatal and nonfatal coronary events (sudden death and acute and silent myocardial in-
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farction, time to first event; for definition see below), and stroke. A classification of all
reported fatal and nonfatal symptomatic events was made by the Independent End-Point
Committee. Agreement between two independent members defined the final classification.
This classification, the Minnesota coding of electrocardiograms (ECGs) (see below) and
data quality, were audited by the Independent Data Audit Committee. All cases were
judged without any knowledge of actual treatment or of the treatment to which the patients
had originally been randomly assigned.

D. Classification of Cause-Specific Mortality

The cause of death was defined by using all available information, such as hospital records,
physicians’ reports, police reports, death certificates, and necropsy reports. If the death
occurred within 28 days of the onset of an event, that event was classified as the fatal
event; otherwise the event was classified as nonfatal, and a subsequent event, if fatal, was
coded as the cause of death (8). A decision regarding the cause of death was made by
the Independent End-Point Committee on each of the 148 deaths. Sudden cardiovascular
death was defined as death occurring within 24 hours of onset of symptoms without obvi-
ous extracardiovascular cause of death. Sudden cardiovascular deaths were further subdi-
vided into deaths occurring within 1 hour, and deaths occurring after more than 1 hour
but less than 24 hours after the onset of symptoms (10). Patients found dead with no
obvious extracardiovascular cause of death have been coded as sudden deaths, even if the
time between onset of symptoms and time of death is unknown. In all these patients,
however, circumstances indicated that death occurred suddenly.

E. Classification of Nonfatal Endpoints

1. Nonfatal Myocardial Infarctions

a. Acute Myocardial Infarction

For a diagnosis of an acute myocardial infarction to be confirmed, at least two of the
following three criteria were to be fulfilled: central chest pain of more than 15 minutes’
duration, transient elevation of enzymes indicating myocardial necrosis, or typical ECG
changes. If myocardial infarction was suspected but only one criterion was fulfilled, the
condition was reported as a possible myocardial infarction.

b. Silent Myocardial Infarction

A 12-lead resting ECG was recorded at randomization, repeated on a yearly basis, and
sent to the administrative center at the Sahlgrenska University Hospital, Göteborg Univer-
sity, for Minnesota coding. Altogether 16,987 ECGs were each coded by two independent
technicians: 8575 from patients randomly assigned to metoprolol and 8412 from patients
randomly assigned to diuretics (11). The occurrence of a new major Q/QS item (Minnesota
code 1:1 or 1:2) without other clinical signs of myocardial infarction was defined as a
definite silent myocardial infarction. Similarly, a new minor Q/QS item (code 1:3) was
defined as a possible silent myocardial infarction.

2. Nonfatal Stroke

For a diagnosis of nonfatal stroke to be recorded, unequivocal signs of focal or global
neurological deficit with sudden onset, with a duration longer than 24 hours and were
thought to be vascular in origin, were to be present.
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Table 1 Clinical Characteristics of Patients at Entry and at Last Follow-Up Visit (n � 3234)*

Entry Last follow-up

Patients randomized Patients randomized Patients randomized Patients randomized
Characteristics to metoprolol (n � 1609) to diuretics (n � 1625) to metoprolol (n � 1609) to diuretics (n � 1625)

Systolic blood pressure, mm Hg 166.9 � 17 166.8 � 17 142.4 � 17 142.7 � 16
Diastolic blood pressure, mm Hg 107.6 � 6 107.5 � 6 88.7 � 8 89.5 � 8†
Heart rate, beats/min 78.2 � 11 77.3 � 10 64.1 � 10 74.1 � 11‡
Age, years 52.6 � 7 52.6 � 6 57.7 � 7 57.6 � 7
Body weight, kg 83.2 � 12 82.7 � 12 84.7 � 12 82.6 � 12‡
Body mass index, kg/m2 27.3 � 3.5 27.1 � 3.5 27.6 � 3.7 26.9 � 3.5‡
Serum cholesterol, mmol/L 6.32 � 1.2 (244 � 46) 6.29 � 1.2 (243 � 46) 6.15 � 1.2 (237 � 46) 6.32 � 1.2 (244 � 46)§

(mg/dL)
Serum creatinine, mol/L 93.1 � 17 (1.05 � 0.19) 93.1 � 16 (1.05 � 0.18) 97.7 � 19 (1.10 � 0.21) 96.8 � 16 (1.09 � 0.18)

(mg/dL)
Serum potassium, mmol/L 4.28 � 0.4 4.27 � 0.4 4.28 � 0.4 3.97 � 0.4‡

(mEq/L)
Serum urate, mol/L (mg/dL) 349 � 76 (5.9 � 1.3) 347 � 80 (5.8 � 1.3) 364 � 75 (6.1 � 1.3) 384 � 82 (6.4 � 1.4)‡
Serum potassium �3.6 mmol/L 5.2 6.3 1.7 13.0‡

(mEq/L), %
Serum urate �450 mol/L 9.2 9.0 11.9 18.2‡

(�7.5 mg/dL), %
Glucosuria, % 1.5 0.4 2.3 1.6
Albuminuria, % 4.7 3.9 3.0 2.7
Smokers, % 34 33 23 25

* Values are mean � SD.
† P � .012, between-group comparison at last follow-up visit.
‡ P � .001 between-group comparison at last follow-up visit.
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F. Statistical Methods

All data were analyzed at the Computing Center of Göteborg University using the SAS
program. With the Gehan-Wilcoxon nonparametric test for survival analysis, the null hy-
pothesis was tested, that is, that there was no difference between the two treatments (inten-
tion-to-treat) in event rates (8–11).

For quantitative variables regarded as normally distributed, that is, blood pressure
and heart rate, parametric tests were used (Student’s t-test). Differences in proportions
were tested by Fisher’s exact test. P values below 0.05 (two-sided) were considered sig-
nificant for all variables.

G. Comments to Study Design

The MAPHY study was an international, multicenter, stratified, randomized, open, con-
trolled study of primary prevention in parallel groups preceded, for previously treated
patients, by a 4- to 8-week run-in period without treatment. The vast majority of patient-
years came from previously untreated patients, found partly by screening procedures. The
open study design has the advantage that it mirrors everyday clinical practice. The strat-
ification and randomization procedures, together with the results of baseline charac-
teristics, the blind recording of blood pressure, the blind evaluation of hard endpoints,
and the completeness of follow-up make it unlikely that there is any significant bias stem-
ming from the study design (Prospective, Randomized, Open, Blind End-point Evaluation
[PROBE] design). Critical comment has been made regarding the follow-up made after
the closing date of HAPPHY. However, data are very similar in MAPHY if instead ana-
lyzed with the same closing date as HAPPHY (December 31, 1985).

Before randomization, patients were stratified according to risk of coronary heart
disease into nine risk groups depending on age (40 to 49, 50 to 59, or older than 60 years),
first systolic blood pressure recorded (�190 or �190 mm Hg), cholesterol level (�7.0,
7.0 to 8.6, or �8.7 mmol/L [�270, 270 to 330, or �330 mg/dL]), and smoking habits
(never smoked, ex-smoker, 1 to 14 g/day, or � 15 g/day [one cigarette � 1 g]) (8, 13).
An ex-smoker was defined as a smoker who had stopped at least one month previously.

After stratification, patients were randomized to treatment with 200 mg/day of meto-
prolol or a thiazide diuretic (50 mg/day of hydrochlorothiazide or 5 mg/day of bendor-
flumethiazide). These dosages were doubled, or additional drugs (hydralazine, spironolac-
tone, or others, but not beta-blockers or thiazide diuretics) were given, if necessary, to
reach the treatment goal of diastolic blood pressure lower than 95 mm Hg in both random-
ization groups. To modernize the therapy, the maximum daily doses of the baseline drugs
were reduced to 200 mg/day of metoprolol or 50 mg/day of hydrochlorothiazide (5 mg/
day of bendroflumethiazide) in 1981.

According to protocol criteria stated in an addendum to the protocol from 1982, a
patient in the diuretic group could receive beta-blockade if the physician considered this
to be indicated for clinical reasons (that is, in some patients suffering a nonfatal myocardial
infarction during the study).

H. Summary of Clinical Characteristics at Randomization
and During Follow-Up

Before treatment started, risk factors for coronary events were very similar in the two
treatment groups (Table 1). There was a highly significant reduction in systolic and dia-
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Table 2 Blood Pressure and Heart Rate at Randomization and at the Last Follow-Up Visit in
the Two Treatment Groups in the MAPHY Study by Smoking Status at Randomization (8, 9)

Metoprolol mean Diuretic mean

SBP/DBP SBP/DBP
(mm Hg) HR (bpm) (mm Hg) HR (bpm)

Smokers
At randomization 168/108 80 169/108 79
At last visit 143/89 66 144/90 76

Nonsmokers
At randomization 166/107 77 166/107 77
At last visit 142/89 63 142/90 73

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; bpm, beats per
minute.

stolic blood pressure to similar levels in the two treatment groups. Heart rate was 10 beats/
min lower with metoprolol compared with diuretics. Comparable control of blood pressure
was achieved in subgroups of nonsmokers and smokers (Table 2) (8, 9). Reduction in
serum cholesterol in the metoprolol group (3%) was significant, with no change in the
diuretic group. At the last visit, serum cholesterol was significantly lower in the metoprolol
group than in the diuretic group (P � 0.001; Table 1) (8).

I. Summary of Mortality and Morbidity Results

The results showed that total mortality was lower in patients randomized to metoprolol
than in those randomized to thiazide diuretics (P � 0.028; Fig. 2) (8). The explanation
for the reduced risk for total mortality was a reduced risk for sudden cardiovascular deaths
(P � 0.017; Fig. 2) (10).

The morbidity results support the conclusions from the mortality data (11). Alto-
gether, 255 patients suffered a definite coronary event—sudden death or a fatal or definite
nonfatal acute or silent (unrecognized) myocardial infarction during the course of the trial.
The incidence of coronary events was significantly lower during follow-up in patients
randomized to metoprolol than in patients randomized to diuretics: 111 versus 144 cases,
respectively (P � 0.001, time to first event; Fig. 3). There was no difference in stroke
rates between the two treatment groups (Fig. 3), although stroke was fatal in more patients
in the diuretic group compared with the metoprolol group (9 versus 2 deaths, P � 0.043)
(8, 11).

Post hoc subgroup analyses showed that total mortality and coronary heart disease
mortality were significantly lower in smokers taking metoprolol than in smokers on diuret-
ics (P � 0.012 and P � 0.021, respectively; Fig. 4) (9). Furthermore, analyses also showed
that the incidence of all first definite coronary events (fatal plus nonfatal, time to first
event) was significantly lower in nonsmoking patients taking metoprolol than in nonsmok-
ing patients taking diuretics (P � 0.0008; Fig. 4) (11).

An analysis of cost effectiveness of hypertensive treatment based on the results from
the MAPHY study showed that metoprolol was more cost effective than thiazide diuretics
due to the more favorable effect on coronary events (12).
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Fig. 2 Cumulative numbers for all-cause mortality (upper panel ), and sudden cardiovascular
deaths (lower panel ) in the MAPHY study. The P values refer to the difference in the survival
experience between the two randomization groups during the entire study period. (From Ref. 8
[upper panel ] and Ref. 10 [lower panel ], by permission.)
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Fig. 3 Cumulative numbers for all first definite coronary events and stroke events in the two
randomization groups in the MAPHY study. The P value refers to difference in risk between the
two randomization groups during entire study period. (From Ref. 11, by permission.)

II. COMMENTS ON SUPPORTING EVIDENCE FOR A
CARDIOPROTECTIVE EFFECT OF BETA-BLOCKERS
IN HYPERTENSION

The high mortality from coronary heart disease in men with hypertension can be substan-
tially reduced only if the treatment can reduce the risk for sudden death (2, 21).
For statistical and biological reasons, any preventive effect on sudden death and myocar-
dial infarction is hard to demonstrate in women in the primary preventive trials performed
because of the low incidence of coronary events in middle-aged, white women (13, 20,
22–24). Therefore, in this summary, special attention will be focused on the effect in
men.

There are no data from primary preventive studies to indicate that hydrophilic beta-
blockers reduce the risk of sudden death (Table 3) (2, 4, 17, 25), nor are any positive
data available from long-term secondary preventive postinfarction studies with hydrophilic
beta-blockers on this important mode of death (2, 22, 26). A theoretical explanation for
the possible lack of impact of hydrophilic beta-blockers on ventricular fibrillation and
sudden death is discussed in a later section.

Pooled data from randomized primary preventive trials in men with hypertension
in which lipophilic beta-blockers have been used—MRC: propranolol (18, 25, 27, 28);
IPPPSH: oxprenolol (19); and MAPHY: metoprolol (8–11), representing 11,000 patients
and the experience from more than 51,000 patient years of follow-up, show a statistically
significant 20% lower total mortality, a 35% reduction in sudden death, and a 22% lower
incidence of definite coronary events (time to first event), as compared with a non–beta-
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Fig. 4 Cumulative numbers of coronary mortality in smokers (upper panel ) and of coronary
events (sudden death � fatal and nonfatal acute and silent myocardial infarctions) (lower panel )
in the MAPHY study. The P values refer to the difference in risk between the randomization groups
during the entire study period. (From Ref. 9 [upper panel ] and Ref. 11 [lower panel ], by permis-
sion.)
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Table 3 Total Mortality in the Atenolol Arm of the
HAPPHY Study (17) and in the MRC Older Adults
Study (25)

Number of deaths

Atenolol Diuretics

HAPPHY, atenolol arm 33 26
MRC older adults 167 134
Total 200 160

blocker, mainly a diuretic-based schedule (Table 4). Pooled data from MRC, IPPPSH,
and MAPHY show that baseline characteristics and the reduction in blood pressure
achieved are very similar in patients treated with beta-blockers and thiazide diuretics (8,
20). Therefore, the difference in relative risk is caused by mechanisms other than blood
pressure control.

In addition, secondary preventive studies with relatively lipophilic beta-blockers
including propranolol, timolol, and metoprolol have shown very convincingly a reduction
in sudden death as compared with placebo (29, 30). Around 30% of patients in these
studies have been hypertensive and the effect in the subgroup of hypertensives has been
impressive (31–33). Two large-scale survival studies using lipophilic beta-blockers in
patients with heart failure have also demonstrated a highly significant reduction in sudden
death (34, 35).

A. Comments on the Effects in Smokers and Nonsmokers

In smokers, no effect was observed on coronary events (fatal plus nonfatal) with beta-
blockade in MRC and IPPPSH using nonselective beta-blockers (propranolol and oxpreno-
lol, respectively) (18, 19). In the MAPHY study, using metoprolol, a cardioselective beta-
blocker, total and coronary mortality was significantly lower in smoking men on beta-
blockade than in those taking diuretics (Fig. 4) (9). The importance of the cardioselectivity
of metoprolol for the reduced relative risk in smokers has been discussed elsewhere (8,
9, 11). The favorable results in smokers in MAPHY are also supported by results from
animal experiments that have shown protection against smoke-induced endothelial injury
with metoprolol in guinea pigs (36). The risk for coronary events was significantly lower
in nonsmoking patients randomized to metoprolol than in nonsmoking patients randomized
to diuretics in the MAPHY study (Fig. 4) (11). Post hoc subgroup analysis from the MRC
study also showed that the risk for coronary events (fatal plus nonfatal) was significantly
lower in nonsmoking men taking propranolol than in nonsmoking men taking placebo
(18, 27, 29).

The IPPPSH also showed a significantly lower risk for coronary events (fatal plus
nonfatal) in nonsmoking males randomized to beta-blockade (oxprenolol) compared with
the men randomized to a non–beta-blocker, mainly a thiazide diuretic-based treatment
schedule (19). Thus, results in nonsmoking men are consistent in three randomized clinical
trials with relatively lipophilic beta-blockers (23).
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Table 4 Meta-Analysis Regarding Total Mortality, Sudden Death, and the Pooled Incidence of Nonfatal and Fatal Coronary Events from Men in MRC
(18, 27, 28), IPPPSH (19), and MAPHY (8, 9, 19, 11) Studies Using Relatively Lipophilic Beta-Blockers

Percentage reduction 95% Confidence
Beta-blockade Non-Beta-blockade* P value† with Beta-blockade interval

Number randomized 5499 5452
Patient years‡ 25941 25491
Total mortality 202 247 0.024 20% 1 to 32%
Sudden death§ 68 105 0.0042 36% 13 to 54%
CHD (nonfatal plus fatal) 262 330 0.003 22% 6 to 33%

* Mainly diuretic.
† The optimal test for comparison of two Poisson distributions.
‡ For total mortality.
§ Data from MRC are given for men and women combined, as data are not available for subgroups of men and women in the MRC study (from Ref. 28).
Abbreviation: CHD, coronary heart disease.
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III. IS THERE NO ‘‘CLASS EFFECT’’?

Is it possible that different beta-blockers could have different efficacy in preventing ven-
tricular fibrillation and sudden death because there is no class effect (2–4, 6)?

An important difference between lipophilic and hydrophilic beta-blockers is that
lipophilic beta-blockers pass the blood-brain barrier and produce the same drug concen-
tration in the brain as in the heart, which hydrophilic beta-blockers do not. The question
arises as to whether there is any important beta1-mechanism in the brain that effects
ventricular fibrillation threshold and the risk of sudden death? Data indicate that activity
in the frontocortico-brain-stem pathway, in combination with myocardial ischemia, trig-
gers a state of increased vulnerability of the heart to the initiation of ventricular fibrillation
and sudden death in susceptible subjects (37–41). One of nature’s illustrations of emo-
tional stress triggering sudden death is the Northridge earthquake (41). Animal data also
indicate that psychosocial stress in combination with myocardial ischemia triggers the
initiation of ventricular fibrillation and sudden death (37–39, 42). A reasonable strategy
for the prevention of sudden death would be to interrupt the linkage between the trigger
and the event (37, 38, 41). The proposed mode of action for the preventive effect of
lipophilic beta-blockers on ventricular fibrillation and sudden death is as follows (2, 38,
39):

1. Beta1-blockade in the brain maintaining electrical stability of the heart through
prevention of vagal withdrawal during stressful situations

2. Beta1-blockade in the heart through prevention of increased cardiovascular sym-
pathetic tone during stressful situations (anti-ischemic effect and prevention of
increases in heart rate, blood pressure, and contractility)

IV. CONCLUSION

In conclusion, the results from the MAPHY study showed improved survival and a de-
creased risk of sudden cardiovascular death with metoprolol compared with diuretics in
men with diastolic blood pressure above 100 mm Hg at randomization. Results from men
in the MRC and IPPPSH studies provide additional evidence that beta-blockers reduce
the risk of sudden death. The survival benefit may be attributed to beta1-blockade, and
positive data are only available from trials in which lipophilic beta-blockers have been
studied. Furthermore, experimental data indicate that beta-blockers that pass the blood-
brain barrier make an important contribution to a decrease in the risk of ventricular fibril-
lation and sudden death. Among the lipophilic drugs, the choice of a beta1-selective
blocker is suggested because such an agent may more effectively reduce the risk in those
who cannot quit smoking. The MAPHY study, an open study, was not designed to detect
differences in unwanted subjective symptoms between the two regimens. However, an-
other study, the Metoprolol in Elderly Hypertensive Patients (MEPH) study, a randomized
double-blind study in 600 patients, was specifically designed to tackle this question (43),
and results showed that metoprolol was very well tolerated (43, 44). Interestingly, an
efficacy tolerance index analyzed in the study showed a statistically significant difference
between the beta-blocker and the thiazide diuretic regimen in favor of metoprolol. In the
MAPHY study, a similar rate of noncardiovascular deaths was seen in the two randomiza-
tion groups (23 noncardiovascular deaths on metoprolol and 26 on diuretics), indicating
that the metoprolol regimen is safe (8). Cardioselectivity and tolerability may be further
enhanced by using a long-acting preparation like metoprolol CR/XL (45–49).
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The sixth report of the Joint National Committee (JNC VI) stated that the optimal
formulation of an antihypertensive agent should provide 24 hours efficacy with a once-
daily dose with at least 50% of the peak effect remaining at the end of 24 hours (1). Long-
acting formulations that provide 24 hours efficacy are preferred over short-acting drugs
for many reasons, one being protection against risk for sudden death, heart attack, and
stroke caused by the abrupt increase of blood pressure or other triggers in early morning
hours or after arising from overnight sleep (1, 49). The MAPHY study included high-risk
hypertensive patients: men with diastolic blood pressure higher than 100 mm Hg before
randomization. In this category of patients, combination treatment is needed in the major-
ity of cases. Metoprolol may be combined with any other antihypertensive drugs such as
diuretics, calcium antagonists, ACE inhibitors, AII-blockers, or alpha-blockers. In addition
to the choice of antihypertensive drug, primary prevention and risk reduction also require
the detection and appropriate management of other cardiovascular risk factors (1, 50).
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Department of Medicine, Malmö Hospital, Lund University, Malmö, Sweden.

Steering Committee: Gunnar Olsson, M.D., Ph.D., Department of Medicine, Dan-
deryd Hospital, Karolinska Institute, Stockholm, Sweden; Jaakko Tuomilehto, M.D.,
Ph.D., Department of Epidemiology, National Public Health Institute, Helsinki, Finland;
Ingrid Warnold, Ph.D. (nonvoting secretary), Medical Department, Hässle Cardiovascular
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nen, M.D., Arto Mönttinen, M.D., Matti Pohjola, M.D., Jaakko Tuomilehto, M.D., Ph.D.,
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ill, M.D., John R. Goves, M.D., Peter F. Grundy, M.D., Keith G. Harding, M.D., Robert
Harvard Davis, M.D., John H. McLauchlan, M.D., Chris J.L. Morgan, M.D., Alexander
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I. INTRODUCTION

It has long been recognized that hypertension is a major risk factor for stroke and coronary
heart disease in the elderly (1, 2). However, such an association does not necessarily imply
that morbidity and mortality are reduced when blood pressure is lowered by antihyperten-
sive drugs. In 1972, the European Working Party on High Blood Pressure in the Elderly
(EWPHE) initiated a double-blind multicenter trial to assess the effects of antihypertensive
drug therapy in patients who were at least 60 years old (3, 4). The trial was brought to
an end in 1984 when the Steering Committee reported that some preset trial endpoints
had been reached (5). The present chapter reviews the objectives, protocol, and results of
the main trial, as well as the results of various analyses on subsidiary research questions
based on the EWPHE data.

II. OBJECTIVES

The primary objective of the trial was to either detect a 40% reduction of cerebrovascular
mortality and morbidity at the 5% level of significance or exclude a 40% reduction of
cerebrovascular mortality and morbidity with a 90% power (3). Secondary objectives in-
cluded the collection of data about effects of antihypertensive therapy on biochemical
variables, left ventricular size, and general well-being in elderly patients.

159



160 Fagard et al.

III. METHODS

A. Protocol

The study was double-blind and randomized with one control group and one treatment
group in each of eight stratified groups of patients (3, 5). After a preliminary selection,
apparently suitable patients were placed on one capsule daily of a placebo for at least one
month, during which they were seen at least three times. If at the end of the single-blind

Table 1 Criteria for Randomization

Inclusion criteria
1. Age 60 years or older at randomization
2. Blood pressure in sitting position on placebo during the run-in period

• systolic: not less than 160 mm Hg and not more than 239 mm Hg
• diastolic: not less than 90 mm Hg and not more than 119 mm Hg
For selection of the subjects, the sitting blood pressure was measured three times on three
different visits; the last reading of each visit was recorded and these three readings were
averaged to yield the final figure

3. Willingness of patients to cooperate—informed consent, either oral or written, was
obtained—and high likelihood of regular follow-up

Exclusion criteria
1. Certain causes of blood pressure elevation

• specific causes of systolic blood pressure elevation, such as hyperthyroidism
• conditions correctable by surgery, such as coarctation of the aorta, Cushing’s and Conn’s

syndrome, renovascular hypertension, pheochromocytoma
2. Certain complications of hypertension

Presence of
• vascular retinopathy grade III (hemorrhages or exudates) or grade IV (papilloedema);
• congestive heart failure, not corrected without diuretics or antihypertensive drugs (low

salt diet and cardiac glycosides, however, were allowed)
• enlarging or dissecting aneurysm
• severe renal failure (serum creatinine of 2.5 mg/dl or more)

History of
• repeated severe nasal bleeding, not controlled by local measures
• certified cerebral or subarachnoid hemorrhages
• hypertensive encephalopathy

3. Certain other diseases
• acute hepatitis or active cirrhosis
• severe diseases not related to hypertension (e.g., carcinoma, insulin-dependent diabetes)
• a physical infirmity prohibiting a sitting position
• orthostatic hypotension, severe enough to prohibit antihypertensive drug therapy
• clinical gout: repeated attacks or a single attack caused by thiazides, or serum uric acid of

10 mg/dl or more on repeated examinations, despite uricosuric therapy
• conditions not related to hypertension that necessitate the continued administration of

diuretics, beta-blocking agents or Rauwolfia derivatives
4. Lack of collaboration

Patients found, by means of the pill count during the run-in period, not to have complied
with prescribed drug intake (a maximum deviation of 10% less or 5% more than prescribed
was acceptable)
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run-in period, the patient remained within the selection criteria (Table 1), the patient was
randomized after stratification for center, age, gender, and cardiovascular complications.
The latter included cerebrovascular accidents, cardiac events, and mild renal insufficiency.
The schedule of drug therapy in the double-blind part of the trial is summarized in Table
2. All patients began treatment with one capsule of a diuretic (a combination of 25 mg
of hydrochlorothiazide and 50 mg of triamterene) or matching placebo. The dose could
be increased after an interval of not less than 2 weeks to a maximum of two capsules per
day. When sitting blood pressure remained at 160/90 mm Hg or above after at least one
month, alpha-methyldopa (500-mg tablets) or matching placebo were added. This treat-
ment was started at a daily dose of 1/2 tablet in the evening and was increased when
necessary by 1/2 tablet at intervals of not less than 2 weeks, to a maximum of 4 tablets,
or 2000 mg per day. Thereafter the patients had to be seen at least every 3 months. The
fatal events and nonfatal cardiovascular and renal events that withdrew individual patients
from the trial are listed in Table 3, as well as the cardiovascular events that were considered
as nonterminating. Other reasons for withdrawing from the trial were completion of the
study period, being lost to follow-up, and interruption of all study treatment for more than 3
months. Patients who left the double-blind part of the study were followed up on whatever
treatment was necessary, but only the date and cause of death were recorded.

B. Sample Size Calculations

At the onset of the trial, it was calculated that either 600 men or 1400 women would have
to be followed up for 5 years to detect a 50% reduction in cerebrovascular events, a
positive answer being significant at the 5% level with the power of the trial being 90%
(3). As the gender mix became apparent, the numbers were recalculated so that 850 pa-
tients should be followed up for 8 years to detect a 40% reduction in cerebrovascular
events.

Table 2 Schedule of Drug Therapy

Time of drug intake

Morning Noon Evening

First-line treatment: diuretic*
1 capsule 1 — —
2 capsules 2 — —

Additional treatment: alpha-methyldopa†
1/2 tablet — — 1/2
1 tablet 1/2 — 1/2
11/2 tablet 1/2 — 1
2 tablets 1 — 1
21/2 tablets 1 1/2 1
3 tablets 1 1 1
31/2 tablet 1 1 11/2
4 tablets 1 1 2

* 1 capsule contains 25 mg of hydrochlorothiazide and 50 mg of triamterene.
† 1 tablet contains 500 mg of alpha-methyldopa.
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Table 3 Events Leading to Withdrawal of a Patient from the Double-Blind Part of the Trial

1. Terminating fatal events
All causes
Cardiovascular

cerebrovascular
cardiac
other cardiovascular

Renal
Noncardiovascular, nonrenal

2. Terminating nonfatal cardiovascular and renal events
Nonfatal, morbid cardiovascular terminating events

cerebral hemorrhage
papilloedema, retinal hemorrhage or exudates
severe congestive heart failure
dissecting aneurysm
hypertensive encephalopathy

Nonfatal, nonmorbid cardiovascular terminating events
severe increase in blood pressure (�250/130 mm Hg, or �40/�20 mm Hg increase on

�3 visits)
therapy required with diuretic, beta-blocker, calcium-antagonist
severe left ventricular hypertrophy or dilatation (�30% increase in ECG voltages and

�20% increase of cardiothoracic ratio on chest X-ray)
Renal

severe increase in serum creatinine (� 4.0 mg/dl, or �100% increase at two successive
measurements)

3. Nonterminating cardiovascular events
Cerebrovascular

cerebral thrombosis
cerebral embolism
transient ischemic attack

Cardiac
myocardial infarction
moderate congestive heart failure
arrhythmias
heart block

Other vascular events

C. Statistical Methods

Both analyses on randomized treatment in the double-blind part of the trial (per-protocol
or on-treatment analysis) and an overall intention-to-treat analysis were performed, the
latter being confined to mortality. The life table approach was used to compare the outcome
in the actively treated and placebo groups; tests of significance were performed with the
log-rank statistic.

IV. RESULTS OF THE MAIN TRIAL

An interim analysis provided highly significant results, and the main trial findings were
published in 1985 (5).
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Table 4 Blood Pressure Measured in the Sitting Position During the Double-Blind Part of the
Trial

Blood pressure (mm Hg)

Placebo Active P

Randomization
182 � 16
101 � 7

(424)
183 � 17
101 � 7

(416)
0.65
0.98

After 1 yr
172 � 23
95 � 12

(287)
151 � 17

88 � 9
(300) �0.001

3 yr
172 � 25
94 � 11

(171)
149 � 16

85 � 9
(187) �0.001

5 yr
171 � 25

95 � 9
(93)

150 � 20
85 � 9

(108) �0.001

7 yr
167 � 22

90 � 9
(27)

148 � 18
85 � 10

(39) �0.001

Number of patients is shown in brackets.

A. Patient Characteristics

The 840 patients were randomized to placebo (n � 424) or active treatment (n � 416).
The placebo and active treatment groups were similar in sex ratio (70.5% and 69.0%
were women, respectively), sitting blood pressure (182/101 and 183/101 mm Hg), and
percentage with cardiovascular complications (36% and 35%) on admission to the trial.
During the double-blind part of the trial, blood pressure was lower (P � 0.001) in the
actively treated patients than in those receiving placebo (Table 4); for example, after 3
years of follow-up, blood pressure averaged 172/94 mm Hg in the placebo group and
149/85 mm Hg in the active treatment group. At the end of the double-blind part of the
trial, the diuretic was taken by 96% of those on active treatment, and methyldopa by 35%;
these percentages were, respectively, 98% and 63% for the patients in the placebo group.

Table 5 Mortality in the Intention-to-Treat Analysis

Rate per 1,000
patient-years Difference

(number of deaths) (active minus placebo)

Causes of death Placebo Active % Rate (95% CL) P

All causes 76 (149) 69 (135) �9 (�28 to �15) 0.41
Cardiovascular 47 (93) 34 (67) �27 (�46 to �1) 0.04

cerebrovascular 16 (31) 11 (21) �32 (�61 to �19) 0.16
cardiac 24 (47) 15 (29) �38 (�61 to �1) 0.04
other 8 (15) 9 (17) NC NC

Renal NC (1) 2 (4) NC NC
Noncardiovascular 28 (54) 31 (61) �14 (�21 to �64) 0.48

nonrenal
Unknown NC (1) 2(3) NC NC

Abbreviation: CL, confidence level; NC, not calculated.
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Table 6 Events on Randomized Treatment

Rate per 1,000 Difference
patient-years (active minus placebo)

(number of events)

Placebo Active % rate (95% CL) P

1. Terminating fatal events
All causes 70 (89) 52 (73) �26 (�45 to �1) 0.08
Cardiovascular 48 (61) 30 (42) �38 (�58 to �8) 0.02

cerebrovascular 15 (19) 9 (12) �43 (�72 to �18) 0.15
cardiac 23 (29) 12 (17) �47 (�71 to �3) 0.05

myocardial infarction 13 (16) 5 (7) �60 (�84 to �4) 0.04
others 10 (13) 7 (10) �30 (�69 to �59) 0.44

pulmonary embolism 6 (7) 6 (8) NC NC
others 5 (6) 4 (5) NC NC

Renal 0 (0) 1 (1) NC NC
Noncardiovascular nonrenal 22 (28) 21 (30) �3 (�42 to �62) 0.96

2. Terminating nonfatal cardiovascular and renal events
Morbid cardiovascular

cerebral hemorrhage 2 (3) 3 (4) NC NC
papilloedema/retinal 4 (5) 0 (0) NC NC
severe heart failure 13 (17) 5 (7) �63 (�85 to �10) 0.01

Nonmorbid cardiovascular
severe BP increase 15 (19) 1 (2) �90 (�98 to �59) �0.001
therapy required 10 (8) 6 (10) NC NC
LV hypertrophy/dilatation 1 (1) 0 (0) NC NC

Severe creatinine increase 1 (1) 3 (4) NC NC
3. Nonterminating cardiovascular events

Cerebrovascular 20 (24) 9 (13) �52 (�76 to �7) 0.03
thrombosis 10 (12) 4 (5) �62 (�87 to �7) 0.05
embolism 2 (2) 2 (2) NC NC
TIA 12 (15) 6 (8) �53 (�80 to �11) 0.08

Cardiac 31 (37) 32 (42) �3 (�34 to �61) 0.98
myocardial infarction 9 (12) 14 (19) NC NC
moderate heart failure 5 (6) 9 (12) NC NC
arrhythmias 7 (8) 12 (16) NC NC
heart block 12 (15) 10 (14) �16 (�60 to �73) 0.57

Other vascular 4 (5) 4 (5) NC NC

Abbreviations: CL, confidence limits; NC, not calculated; TIA, transient ischemic attacks.

B. Mortality in the Intention-to-Treat Analysis

The duration of follow-up in the intention-to-treat analysis averaged 4.6 years in the pla-
cebo and 4.7 years in the active treatment group; the patient-years of observation were,
respectively, 1963 and 1950 years. The results on mortality are given in Table 5. In the
placebo group, the total death rate was 76 per 1,000 patient-years, including 47 deaths
per 1,000 patient-years from cardiovascular causes. The small reduction in mortality rate
from all causes was not significant (�9%; P � 0.41), but the reductions in all cardiovascu-
lar mortality (�27%; P � 0.04) and in cardiac mortality (�38%; P � 0.04) were both
significant.
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C. Fatal and Nonfatal Events in the Double-Blind Part of the Trial

The duration of follow-up in the double-blind part of the trial averaged 3.0 years in the
placebo group and 3.4 years in the actively treated group. The results of the on-treatment
analysis are summarized in Table 6. The total and cardiovascular death rates amounted
to 70 and 48 per 1,000 patient-years, respectively, in the placebo group. Whereas the
reduction in all-cause mortality did not reach statistical significance (�26%; P � 0.08),
the total cardiovascular mortality rate was significantly reduced (�38%; P � 0.02). The
incidence of terminating nonfatal morbid cardiovascular events was reduced from 20 to
8 per 1,000 patient years (�60%; P � 0.006), mainly related to the reduction of severe
congestive heart failure from 13 to 5 events per 1,000 patient years (�63%; P � 0.01);
few other events occurred in this category, which included cerebral hemorrhage and eye-
ground complications. Terminating events, that is, fatal and nonfatal morbid events com-
bined, were reduced in the active treatment group, both cardiac (�54%; P � 0.002) and
cerebrovascular (�46%; P � 0.06). Terminating nonfatal nonmorbid cardiovascular
events, that is, less hard data or premorbid events such as a rise in blood pressure, were
reduced by 70% (P � 0.001).

Nonterminating cardiovascular events, that is, events that did not necessitate with-
drawal from the trial, were reduced by 25% (P � 0.12) in the actively treated group. This
was due mainly to a reduction of cerebrovascular events (�52%; P � 0.03), whereas the
nonterminating cardiac event rate was unchanged.

The total cardiovascular event rate, including cardiovascular deaths, terminating
nonfatal morbid cardiovascular events, and nonterminating cardiovascular events was re-
duced by 36% (P � 0.0015) in the actively treated group.

It can be calculated that, in 1000 hypertensive subjects older than age 60, 1 year of
active treatment would prevent six fatal and 11 nonfatal cerebrovascular events, 11 fatal
cardiac events and eight cases of severe congestive heart failure (6).

V. SECONDARY ANALYSES

A. Efficacy of Antihypertensive Drug Treatment According to Age,
Gender, Blood Pressure, and Previous Cardiovascular Disease

The relation between outcome and randomization group, age, gender, cardiovascular com-
plications at entry, and baseline systolic and diastolic blood pressure was determined by
means of the Cox proportional hazard regression model (7).

1. Cardiovascular Mortality

In the intention-to-treat analysis cardiovascular mortality was higher in men than in
women, higher in patients with than in those without cardiovascular complications at entry,
increased with advancing age and with increasing systolic blood pressure at presentation;
it was not related to diastolic blood pressure. The effect of treatment was significant in
the Cox regression model even after age, gender, the presence of cardiovascular complica-
tions, and systolic and diastolic pressure at randomization were taken into account (P �
0.01). There were no statistically significant interactions (P � 0.8) between the effect of
treatment and, respectively, gender, systolic blood pressure, or the presence of cardiovas-
cular complications at entry. However, a negative age-treatment interaction was demon-
strated (P � 0.048), related to a decrease in treatment effect with advancing age, especially
in patients older than age 80.
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The per-protocol analysis yielded similar results on cardiovascular mortality as the
intention-to-treat analysis, but the treatment-age interaction was not significant (P � 0.20).

2. Cardiovascular Study Terminating Events

The incidence of study-terminating cardiovascular events, that is, fatal events and nonfatal
morbid study-terminating events (Table 3) was higher in men and in patients with previous
cardiovascular complications, increased with age and with increasing systolic blood pres-
sure at randomization, but was not related to diastolic blood pressure. The effect of treat-
ment on these events remained significant after adjustment for age, gender, presence of
cardiovascular complications, and blood pressure. No significant interactions were present
but interactions between treatment and age (P � 0.18) were not excluded with confidence.

B. Effect of Diuretic Treatment on Cardiovascular Events

A post hoc analysis examined the effect of the diuretic treatment on cardiovascular events,
both when given alone and in conjunction with methyldopa by calculating the relative
hazard rate for cardiovascular mortality and morbidity (8, 9).

In the patients treated with diuretics, the relative hazard rate for cardiovascular
mortality was 0.67 in the first step of the Cox model when treatment with diuretics alone
was compared with the total placebo group. This suggests that in patients receiving diur-
etic treatment only (57% of the active treatment group), cardiovascular mortality was
reduced by 33%. After cumulative introduction of other variables into the Cox model,
including age, gender, systolic blood pressure, and cardiovascular complications at ran-
domization, the relative hazard rate was still 0.66 (95% confidence level [CL]: 0.44–0.97;
P � 0.05). It should be realized, however, that those taking only a diuretic were a very
selected group. Compared with the total placebo group, the influence of combined treat-
ment with active methyldopa and diuretics was not significant (P � 0.14), but the esti-
mated hazard rate was 0.84 and the 95% CL (0.56–1.25) overlapped that for diuretics
alone (0.44–0.97).

The relative hazard rate associated with diuretic treatment, independent of other
variables, was 0.48 (95% CL: 0.30–0.76; P � 0.01) for study-terminating cardiovascular
events, that is, cardiovascular mortality and nonfatal morbid cardiovascular events. The
relative hazard rate was 0.62 (0.40–0.95; P � 0.05) for patients receiving both active
diuretic and methyldopa.

C. Influence of Antihypertensive Drug Treatment
on Electrocardiographic Left Ventricular Mass

Standard 12-lead electrocardiograms (ECG) were obtained at randomization and at each
yearly visit thereafter (10). The height of the R wave in aVL (RaVL) and in V5 (RV5)
and the depth of the S wave in V1 (SV1) was measured. At baseline RaVL averaged 7 �
4 (SD) mm, SV1 10 � 5 mm and RV5 15 � 7 mm. At randomization, RaVL was positively
correlated with age and body mass index (BMI) and was lower in men than in women
(P � 0.001). The sum of SV1 � RV5 was inversely related to age, and was higher in
men than in women. After controlling for these covariates, RaVL was positively related
to systolic (r � 0.10; P � 0.01) and diastolic blood pressure (r � 0.09; P � 0.05) and
SV1 � RV5 to systolic pressure only (r � 0.15; P � 0.001). On follow-up, the ECG
amplitudes showed divergent trends in the two treatment groups. After 1 year, they had
decreased in the patients on active treatment and increased in the patients on placebo:
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RaVL, �0.25 versus �0.46 mm (P � 0.01); SV1 � RV5, �1.6 versus �1.2 mm (P �
0.001). After 4 years these values were: RaVL, �0.3 versus �0.8 mm (P � 0.01); SV1 �
RV5, �1.2 versus �3.2 mm (P � 0.001). Significant relationships were found between
changes in ECG voltages and changes in blood pressure.

D. Risks and Benefits in the EWPHE Trial

Adverse effects were assessed in the double-blind period of the trial by calculating investi-
gator reports of diseases and prescription of concomitant therapy, the incidence of abnor-
mal biochemical results, and a self-administered symptom questionnaire completed by the
patients (6). Questions on the following symptoms were included: faintness, sleepiness,
hours of sleep, weakness in the limbs, a showed walking pace, headache, blurred vision,
depression, diarrhea, nocturia, dry mouth, nasal stuffiness, nausea, poor mental concentra-
tion, and vivid dreams.

No unexpected adverse treatment effects were observed. Both the active and placebo
treatment groups had similar rates for malignant neoplasms (lower than 20 per 1,000 person
years), fractures (12 per 1,000 person years) and diseases of the stomach and gall bladder
(less than 7 per 1,000 person years). Anemia, parkinsonism, disorders of the pancreas,
and liver disease had an incidence of lower than 5 per 1,000 person years. A significant
excess incidence rate was found in the active treatment group compared with placebo for:

1. Impaired renal function, that is, a serum creatinine greater than 2.0 mg/dl (P �
0.001)

2. Mild hypokalemia, that is, a serum potassium less than 3.5 mmol/L (P � 0.001)
3. Reports of gout (P � 0.05)
4. An elevated serum uric acid, that is, greater than 8.7 mg/dl in men or �7.7

mg/dl in women (P � 0.001).

More patients reported a dry mouth, blocked nose, and diarrhea in the active treat-
ment group compared with placebo (P � 0.05). Dry mouth and diarrhea were associated
with methyldopa rather than the diuretic. Finally, clinical reports of headache were sig-
nificantly fewer in the actively treated group (P � 0.01).

Elevated blood sugar and prescriptions for hypoglycemic drugs tended to be more
frequent in the actively treated group (6). The effect of diuretic treatment on glucose
tolerance was analyzed in more detail in a subset of the patients who had entered the
study by December 1983 (11). Five hundred and forty-two had a fasting blood sugar
recorded initially and one or more years later. Patients receiving oral hypoglycemic
drugs or insulin were excluded from the analyses. Blood sugar level was available at
entry and after 1 year in 507 patients, at entry and after 2 years in 371 patients, and at
entry and after 3 years in 270 patients. Blood glucose estimations were also made 1 and
2 hours after taking 50 g of glucose in 386 patients (71%). In the placebo group, small
increases of 4 and 0.6 mg/dl in fasting blood sugar were observed during the second and
third year in the trial. These rises followed a fall of 1.4 mg/dl in the first year. In con-
trast, for actively treated patients receiving a diuretic, the average fasting blood sugar
rose by about 3 mg/dl for every year in the trial. The differences between the two
groups in fasting blood sugar were statistically significant after 1 (P � 0.05), 2 (P �
0.05), and 3 (P � 0.01) years. The average blood sugar 60 minutes after the glucose load
fell 6 mg/dl during the first year in the placebo group but returned almost to baseline
after 3 years. In contrast, in the actively treated group, the average 60-minutes glucose
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increased after 2 years when it was, on average, 10 mg/dl above that of the placebo group
(P � 0.06). The average 120 minutes glucose increased by 2 to 3 mg/dl/yr in the placebo
group and about 4 mg/dl/yr in the actively treated group. These increases did not differ
significantly from one another. In the actively treated group the average fasting blood
sugar increased by 3 mg/dl/yr in both men and women and in both the age groups 60 to
69 and 70 to 79 years.

Another analysis assessed the influence of the antihypertensive regimen on serum
cholesterol (12). During a period of up to 3 years, the average fall in cholesterol was 5.9
mg/dl/yr in the placebo group and 5.0 mg/dl/yr in the actively treated group. Thus, the
changes in serum cholesterol were similar whether the patients received active or placebo
medication. In particular, there was no evidence for an increase in cholesterol or for a
smaller decrease during diuretic therapy.

E. Relation Between Mortality and Treated Blood Pressure

Mortality was related to the blood pressure during randomized treatment (per-protocol
analysis) (13). Treated blood pressure was defined as the blood pressure at nine months
of follow-up. In the two treatment groups, patients were subdivided into thirds by the
33rd and 66th centiles of their treated systolic and diastolic pressures. Mortality in the
thirds of treated pressure was compared after adjustment for age and gender.

The analyses were of 339 patients randomized to placebo and 352 patients random-
ized to active treatment and followed up for at least 9 months. The two groups were
similar at randomization in sex ratio, mean age, systolic and diastolic blood pressures,
and proportion of patients with cardiovascular complications. From the visit at nine months
until the end of the double-blind study, 65 patients in the placebo group and 56 in the
group taking active treatment died. In patients taking placebo, total, cardiovascular, and
noncardiovascular mortality tended to increase from the lower to the upper third of treated
systolic pressure. In patients taking active treatment, fewer died in the middle than in the
highest and lowest thirds (P � 0.05). A U-shaped relation was apparent between treated
systolic pressure and total mortality, and a similar trend was observed for cardiovascular
and for noncardiovascular mortality (Fig. 1).

When the thirds of diastolic pressure were considered, mortality from all causes was
lower (P � 0.05) in the middle than in the two other thirds in the placebo group. Cardiovas-
cular and noncardiovascular mortality showed a similar U-shaped tendency. In patients
taking active treatment, both total (P � 0.004) and noncardiovascular (P � 0.007) mortal-
ity were higher in the lowest than the highest third of blood pressure, and a similar trend
was seen for cardiovascular mortality (Fig. 2).

The increased mortality in the lowest thirds of diastolic pressure was not associated
with an increased proportion of patients with cardiovascular complications at randomiza-
tion or with an excessive fall in diastolic pressure. However, patients in the lowest thirds
of treated pressure showed greater decreases in body weight and hemoglobin concentration
than those in the middle and upper thirds of pressure. Presumably, the fall in pressure
was caused by other factors (associated with increased mortality) and, as this was also
observed in the placebo group, not to active antihypertensive treatment.

F. Prognostic Factors in Elderly Hypertensive Patients

In addition to age, gender, blood pressure, and cardiovascular complications at baseline,
the EWPHE investigators also assessed the prognostic significance of BMI (14), serum
cholesterol (15), uric acid (16), and ECG voltages (10).
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Fig. 1 Total, cardiovascular, and noncardiovascular mortalities adjusted for age and gender in
thirds of treated systolic pressure in patients randomized to placebo or active treatment. Figures are
numbers of deaths in each third. (From Ref. 13, used with permission.)

The initial mean BMI was 26.7 kg/m2 in women and 25.7 kg/m2 in men. During
the trial, total mortality and cardiovascular and noncardiovascular terminating events were
highest in the patients belonging to the leanest BMI quintile. The association between
BMI and cardiovascular endpoints was U-shaped, whereas noncardiovascular mortality
decreased with increasing BMI. The U-shaped relation was confirmed with Cox’s propor-
tional hazards model, controlling for age, gender, systolic blood pressure, hemoglobin,
serum cholesterol, blood glucose, and cardiovascular complications at entry. The BMI
level with the lowest risk was 28 to 29 kg/m2 for total mortality and cardiovascular termi-
nating events, 26 to 27 kg/m2 for cardiovascular mortality, and 31 to 32 kg/m2 for noncar-
diovascular mortality. Body mass index did not modify the favorable effects of drug treat-
ment. There was no evidence that obesity would protect elderly hypertensive men or
women from cardiovascular complications (14).
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Fig. 2 Total, cardiovascular, and noncardiovascular mortalities adjusted for age and gender in
thirds of treated diastolic pressure in patients randomized to placebo or active treatment. Figures
are numbers of deaths in each third. (From Ref. 13, used with permission.)

Serum cholesterol averaged 246 mg/dl at baseline. Cox’s proportional hazards
model showed that pretreatment serum total cholesterol levels were independently and
inversely correlated with the incidence of total mortality (P � 0.03), noncardiovascular
mortality (P � 0.02), and cancer mortality (P � 0.04) during treatment. All factors being
equal, an increase in total serum cholesterol of 89 mg/dl was associated with a one-year
prolongation of survival. After adjustment for gender, age, pretreatment cardiovascular
complications, and systolic pressure, the correlations between serum cholesterol and car-
diovascular and cardiac mortality were not significant (15).

Pretreatment serum uric acid levels averaged 5.4 mg/dl, were significantly higher
in men than women and had positive correlation with serum creatinine. After adjustment
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for serum creatinine, positive correlations of serum uric acid with body weight and fasting
blood glucose in women and with serum cholesterol in men were significant. Total, cardio-
vascular, and noncardiovascular mortality were unrelated to initial serum uric acid levels
(16).

Finally, in Cox’s regression model, the amplitude of RaVL was significantly related
to total mortality and to cardiovascular mortality in the data from the double-blind part
of the trial; the overall results were similar in the intention-to-treat analysis. However,these
correlations disappeared after adjustment for age. No significant correlation was found
between SV1 � RV5 and total mortality or cardiovascular mortality (10).

VI. DISCUSSION

In 1971, when the EWPHE trial was originally planned, trials undertaken by the Veterans
Administration (17, 18) and by Hamilton et al. (19) had provided evidence of efficacy of
antihypertensive treatment in moderate to severe hypertension, but most of the patients
included in these trials were younger than age 60. On the other hand, epidemiological
evidence showed that hypertension was common in the elderly, that it was an important
risk factor for cardiovascular disease in this age group, and that cardiovascular event rates
in the elderly were high (1,2). Therefore, the EWPHE designed a double-blind, placebo-
controlled randomized trial of antihypertensive treatment in patients ages 60 and above
(3). The overall intention-to-treat analysis, combining the double-blind part of the trial
and all subsequent follow-up, revealed a nonsignificant change in total mortality (�9%)
but a significant 27% reduction in cardiovascular mortality rate. The latter was the result of
a reduction in cardiac mortality (�38%) and a nonsignificant decrease in cerebrovascular
mortality (�32%). In the double-blind part of the trial, total mortality rate was not signifi-
cantly reduced (�26%), whereas cardiovascular mortality was reduced in the actively
treated group (�38%) owing to a reduction in cardiac death (�47%) and a nonsignificant
decrease in cerebrovascular mortality (�43%). Cardiovascular study-terminating events
were significantly reduced by active treatment by 45%, and cardiovascular terminating
plus nonterminating events by 36%. Active treatment reduced the incidence of severe
congestive heart failure but not of mild congestive heart failure. In the patients randomized
to active treatment, there were 29 fewer cardiovascular events and 18 fewer cardiovascular
deaths per 1000 patient years during the double-blind part of the trial (5). In addition, the
trial provided evidence of a favorable effect of antihypertensive treatment on left ventricu-
lar mass (10).

Cox proportional hazard analysis showed that cardiovascular mortality and the car-
diovascular study-terminating events were significantly and independently related to treat-
ment, age, gender, cardiovascular complications at randomization, and systolic but not
diastolic blood pressure. The relative benefits of treatment observed in the trial seemed
to be independent of gender, baseline blood pressure, and the presence or absence of
cardiovascular complications at entry. There was some evidence that the treatment effect
decreased with advancing age. Little or no benefit from treatment could be demonstrated
in patients older than age 80, the great majority of whom were women. However, only
155 patients older than age 80 were included in the trial. As the proportional reduc-
tions were similar in most of the subgroups, the absolute reduction in events was greatest
among those at highest risk, that is, men, and patients with cardiovascular complications
at entry. However, the benefit of treatment was not established in patients older than age
80 (7).



172 Fagard et al.

The first-line treatment in the EWPHE-trial was a diuretic. To avoid possibly harm-
ful decreases in serum and whole body potassium, the designers of the trial used hydro-
chlorothiazide, a thiazide diuretic, combined with triamterene, a potassium-sparing agent.
Nevertheless, metabolic disturbances were expected, such as glucose intolerance, decrease
in serum magnesium, and increases in serum uric acid, cholesterol, and triglycerides. Fur-
thermore, part of the beneficial effect of treatment on outcome in the EWPHE trial might
have been the result of the concurrent use of methyldopa for better blood pressure control.
Therefore, a post hoc analysis examined the effect of the diuretic treatment on cardiovascu-
lar events, both when given alone and in conjunction with methyldopa, which was added
in 35% of the patients. Using the Cox proportional hazard model, compared with placebo,
a 34% reduction in cardiovascular mortality in the per-protocol analysis was demonstrated
in the diuretic group; the 16% decrease in the group treated with diuretics and methyldopa
was not significant. Cardiovascular study-terminating events were reduced by 52% in those
on the diuretic only, and the effect of treatment was also significant in the combined group
(�38%) (8, 9). It must be recognized, however, that the decision to add methyldopa to
the diuretic was taken because the blood pressure was difficult to control with a diuretic
alone. Thus, the group given combined therapy may well have differed from the monother-
apy group in other ways that were not adjusted for in the Cox model. It is important,
therefore, to be cautious about the interpretation of the data. The trialists prudently con-
cluded that the reduction of cardiovascular events in the EWPHE-trial cannot be explained
solely by the addition of methyldopa.

With regard to metabolic disturbances, only small changes were observed under
treatment with a thiazide diuretic combined with a potassium-retaining agent; the differ-
ence in serum potassium between the active treatment group and the placebo group was,
however, significant and averaged about 0.2 mmol/L. Serum creatinine and uric acid re-
mained unchanged in the placebo group but increased in the active treatment group. The
between-group differences averaged 0.17 mg/dl for serum creatinine and 1.2 mg/dl for
uric acid (6, 9). Overall there was an increase in fasting blood sugar of 5 mg/dl in the
active treatment group, which occurred mainly in the first year. The hyperglycemic effect
of the diuretic appeared to be at least partly related to potassium loss, as, in both groups,
impairment of glucose tolerance was most significant in those in whom serum potassium
decreased (11). The serum cholesterol level was similar in both groups during the run-in
period and its changes over time did not differ between the two groups (12).

Fletcher et al. (6) made an overall assessment of adverse effects by calculating the
incidence of abnormal biochemical results, investigator reports of diseases, and prescrip-
tions of concomitant therapy and the results of the self-administered symptom question-
naire. The authors concluded that the adverse effects did not outweigh the benefits of
treatment in preventing stroke events, cardiac deaths, and heart failure.

The major strength of the EWPHE trial is that it was the first trial to show that
treatment of elderly patients with systolic-diastolic hypertension would benefit from anti-
hypertensive treatment. This finding was later confirmed by other trials in the elderly (20)
and was readily incorporated in guidelines for the management of hypertension. Further-
more, the patients in the EWPHE trial were drawn from a wide variety of sources—
community, general medical, and geriatric services in different European countries—so
that the findings should have wider application than data generated from a single country
or from a single source of patients. The investigators not only looked at hard endpoints,
but also at symptomatic well-being. Finally, the EWPHE database was used to get a better
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insight into the risk factors in elderly hypertensives and to help understand the so-called
J-curve phenomenon.

On the other hand, several weaknesses have to be considered. The number of ran-
domized patients was relatively small and the number of patients who stopped the trial
prematurely amounted to 36% of all randomized patients. Furthermore, the patients who
left the double-blind part of the trial were only followed up for mortality and not for
nonfatal events, which limited the intention-to-treat analysis to fatal events only. Neverthe-
less, as an American colleague would say, this was a ground-breaking, ‘‘pivotal’’ study.
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I. INTRODUCTION

It is generally accepted that high blood pressure is a major risk factor for cardiovascular
morbidity and mortality in middle-aged subjects (1–5). Does this also hold true for the
elderly? In some studies, the answer is yes (6–11); in other studies, there is an inverse
relation (12–15), yet others have been more indecisive and unable to show any relation
between blood pressure and risk (16–19). Furthermore, in some studies the systolic blood
pressure (SBP) is a better predictor than diastolic blood pressure (DBP) (7, 9, 11), whereas
in others the reverse has been found (10). To further complicate the situation, several
workers have demonstrated U- or J-shaped relations between blood pressure and risk (20–
27). The relation between blood pressure and cardiovascular risk seems to be more com-
plex in the elderly and could at least in part be the result of selection mechanisms during
earlier years (28, 29). Most of our knowledge on this issue has been provided by observa-
tional studies on mainly middle-aged people and by trials studying the effects of antihyper-
tensive therapy in the elderly. Thus, several studies demonstrated an increased risk of
cardiovascular disease in relation to high blood pressure in younger elderly (6–8, 26),
whereas the risk seems to decline with age in the older elderly (12, 14).
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In the early studies on severe malignant hypertension, the benefits of treatment were
obvious in middle-aged hypertensives. As milder forms of hypertension were treated, the
effects were no longer so clear, and a need was felt for properly designed placebo-con-
trolled studies. Some randomized, controlled trials carried out in young or middle-aged
hypertensives contained groups of patients aged 60 and older (30–37); subgroup analyses
of these elderly hypertensives showed an outcome in favor of active blood pressure-low-
ering treatment. Several randomized, controlled trials followed, which had recruited only
elderly hypertensives (38–43). The Swedish Trial in Old Patients with Hypertension
(STOP-Hypertension) (44) was one of them. The outcome of all was in favor of treatment
with antihypertensive drugs (38–44). Before STOP-Hypertension, however, no effect of
antihypertensive treatment had been shown in those aged 75 and older (40).

The overall aim of STOP-Hypertension was to investigate the effects and conse-
quences of antihypertensive treatment in elderly hypertensives on morbidity and mortality,
blood pressure, side effects, and laboratory variables.

II. MATERIAL AND METHODS

The STOP-Hypertension was a multicenter study carried out at 116 health centers (out
of 846) throughout Sweden, where hypertensive men and women aged 70 to 84 years
were randomly allocated double-blind administration of active hypertensive therapy or
placebo. Patients were included consecutively if they were willing to participate (and gave
informed consent) and had untreated or treated essential hypertension (Table 1). The entry
criteria were that on three separate occasions, the SBP was 180 mm Hg or above with a
DBP of at least 90 mm Hg, or that the DBP was above 105 mm Hg irrespective of the
systolic pressure during a 1-month placebo run-in phase in previously untreated patients.
The run-in phase was preceded by a 1 to 6 month washout period in previously treated
patients.

Recruitment took place between November 14, 1985 and October 31, 1990. The
number of patients recruited was 1627, of whom 812 (mean age 75.7, SD 3.7) were ran-
domly allocated to active treatment and 815 (mean age 75.6, SD 3.7) to placebo (Table 2).
The average follow-up time when primary endpoints were considered was 25 months.
The study was terminated on April 8, 1991 on the advice of the safety committee; investi-
gators were advised that all blinded medication should be discontinued. All surviving
patients were recalled and examined at the end of the study. No patient was lost to follow-
up.

Table 1 Inclusion Criteria

• Men and women ages 70–84
• Blood pressure on three separate occasions of SBP � 180 mm Hg and DBP � 90 mm Hg, or

DBP � 105 mm Hg after 1 month of placebo if untreated or 1–6 month washout if previously
treated

• Informed consent

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Table 2 Baseline Characteristics of Patients in STOP-Hypertension by Treatment Group

Placebo Active
(n � 815) (n � 812)

Mean (SD) age in yr 75.7 (3.7) 75.6 (3.7)
No. (%) aged

70–74 yr 351 (43%) 363 (45%)
75–79 yr 331 (41%) 313 (39%)
�80 yr 133 (16%) 136 (17%)

No. (%) female 509 (63%) 510 (63%)
Mean (SD) body mass index (kg/m2) 26.5 (3.8) 26.7 (3.9)
Mean (SD) blood pressure (mm Hg)

Supine systolic 195 (14) 195 (14)
Supine diastolic 102 (7) 102 (7)
Standing systolic 188 (17) 187 (17)
Standing diastolic 104 (9) 104 (9)

Mean (SD) heart rate (bpm)
Supine 76 (11) 77 (11)
Standing 82 (11) 82 (11)

No. (%) previously treated* 416 (51%) 438 (54%)
No. (%) smokers* 58 (7%) 69 (9%)
Previous stroke†‡ 36 (4.5%) 32 (4%)
Previous myocardial infarction†‡ 16 (2%) 17 (2.1%)
Diabetes mellitus‡ 58 (7.2%) 69 (8.6%)

* Less than 6 months before run-in period.
† More than 12 months before randomization.
‡ Based on placebo n � 808, active n � 807.
Abbreviations: SD, standard deviation; bpm, beats per minute.
Source: Ref. 44.

III. EXCLUSION CRITERIA

Reasons for exclusion were supine blood pressure above 230 mm Hg systolic and/or 120
mm Hg diastolic; isolated systolic hypertension (180 mm Hg or higher with diastolic
below 90 mm Hg); orthostatic hypotension (more than 30 mm Hg fall in SBP on standing);
contraindications to any of the drugs; myocardial infarction or a stroke during the previous
12 months; angina pectoris requiring treatment with drugs other than glyceryltrinitrate;
other severe or incapacitating illnesses; or unwillingness to take part (Table 3).

Table 3 Exclusion Criteria

• Supine blood pressure above 230 mm Hg systolic and/or 120 mm Hg diastolic
• Isolated systolic hypertension (180 mm Hg or higher with diastolic below 90 mm Hg)
• Orthostatic hypotension (more than 30 mm Hg fall in systolic blood pressure on standing)
• Contraindications to any of the drugs
• Myocardial infarction or a stroke during the previous 12 months
• Angina pectoris requiring treatment with drugs other than glyceryltrinitrate
• Other severe or incapacitating illnesses
• Unwillingness to take part
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Table 4

Treatment consisted of:
• Atenolol 50 mg (Tenormin)
• Hydrochlorothiazide (HCTZ) 25 mg plus amiloride (Am) 2.5 mg (Moduretic mite)
• Metoprolol CR 100 mg (Seloken ZOC)
• Pindolol 5 mg (Viskén) or the matching placebo

IV. BLOOD PRESSURE MEASUREMENTS

It was standard in Swedish clinical practice that blood pressure measurements were taken
with a mercury sphygmomanometer with the subject in a supine position. Blood pressure
was measured by the same observer (nurse or doctor) for each patient throughout the study
after five minutes of recumbent rest and after one minute of standing, by means of a
mercury sphygmomanometer. The standard cuff bladder measures 12 � 35 cm, but larger
(15 � 43 cm) or smaller (9 � 25 cm) cuffs were used in patients with arm circumferences
larger than 32 cm or less than 22 cm, respectively. Disappearance of the Korotkoff sounds
was recorded as the DBP. The average value of two recordings in the supine position,
measured to the nearest 2 mm Hg, was the main blood pressure variable upon which
inclusion, changes in dosage, and so on, were determined.

A. Drugs

Treatment consisted of atenolol 50 mg (Tenormin), hydrochlorothiazide (HCTZ) 25 mg,
plus amiloride (Am) 2.5 mg (Moduretic mite), metoprolol CR 100 mg (Seloken ZOC),
or pindolol 5 mg (Viskén), or the matching placebo (Table 4). All drugs were given once
daily. If the supine blood pressure was 160 mm Hg systolic or 95 mm Hg diastolic or
above after at least two months of treatment or at any later point during the study, the
diuretic was added to any of the β-blockers or vice versa. Each center was free to choose
any of the four basic regimens, which then had to be maintained throughout the study.
The patients were randomized to active treatment or placebo but not to the four different
treatment regimens. Placebo tablets were identical in shape, taste, and color to the active
medication. If supine blood pressure exceeded 230/120 mm Hg (and/or) on two subse-
quent visits the patient was changed to open antihypertensive treatment. After a nonfatal
endpoint, a patient could continue on double-blind treatment.

V. LABORATORY VARIABLES

At randomization and at months 2, 6, 12, 24, 36, 48, and 60, blood was drawn at the
health centers with the patient in a nonfasting state, and the samples were analyzed at the
departments of clinical chemistry at the local hospitals to which the health centers normally
refer. The following analyses were carried out with the method used in the daily routine:
serum sodium (S-Na�), serum potassium (S-K�), serum urate (S-urate), serum creatinine
(S-creatinine), blood glucose (B-glucose), blood hemoglobin (B-Hb), and total serum cho-
lesterol (S-cholesterol) (Table 5).
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Table 5

Laboratory Variables
• Serum sodium
• Serum potassium
• Serum urate
• Serum creatinine
• Blood glucose
• Blood hemoglobin
• Total serum cholesterol

VI. ADVERSE EFFECTS

At the visits 2 and 12 months after randomization, the patients were asked about adverse
effects in the following structured way:

Have you experienced any of these symptoms since your last visit to the health
center?

1. Have you felt more tired than usual?
2. Have you felt depressed?
3. Have you had sleep disturbances?
4. Have you felt dizzy when up walking?
5. Have you felt dizzy when standing up?
6. Has your mouth felt dry?
7. Have you been short of breath or wheezy?
8. Have your ankles been swollen at night?
9. Have you experienced chest pain when carrying out physical exercise?

10. Have you felt muscle discomfort or cramp?
11. Have your hands and/or feet felt cold frequently?
12. Have you noticed a slow heart rate?
13. Have you noticed an irregular heart beat?
14. Have you had acute, severe pain in your big toe or in any other joint?

The symptoms (if any) were graded by the patients as mild or severe.

VII. ENDPOINTS

Endpoints were evaluated by an independent endpoint committee, unaware of treatment
given or blood pressure. Their evaluation was based on medical records, death certificates,
and necropsy reports, as appropriate. Primary endpoints were fatal and nonfatal stroke,
fatal and nonfatal myocardial infarction, and other cardiovascular death (Table 6). Stroke
was defined as a persisting (longer than 24 hours) neurological deficit with sudden onset

Table 6

Primary Endpoints
• Stroke
• Myocardial infarction
• Other cardiovascular death
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(excluding nonvascular causes). Myocardial infarction was defined by the presence of at
least two of the following three criteria: (a) chest pain (retrosternal), lasting longer than
15 minutes and with onset within the preceding 48 hours, or pulmonary edema in the
absence of known valvular disease, or syncope without hypovolemia/intoxication; (b)
changes on electrocardiography (diminished R-wave amplitude or pathological Q-waves;
(c) temporary rises in serum aspartate aminotransferase activity (two or more results above
the reference value) with a maximum 24 hours after the onset of symptoms, or changes
in serum alanine aminotransferase activity, lactate dehydrogenase isoenzyme pattern, or
creatine kinase activity. The diagnosis of stroke or myocardial infarction could also be
made at necropsy. Other cardiovascular death included sudden death (unexpected death
within one hour of onset of symptoms and without obvious cause), fatal congestive heart
failure, and fatal cardiovascular events not covered by the above definitions (such as rup-
tured aortic aneurysm). Endpoints considered were stroke (fatal and nonfatal) and cardiac
events (fatal and nonfatal myocardial infarction, sudden death, and congestive heart fail-
ure), defined as above.

VIII. STATISTICS

All analyses were based on the intention-to-treat principle. No on-treatment analysis has
been performed. For continuous variables, 95% confidence intervals (95% Cl) were deter-
mined by use of the t-distribution, that is, the variables were assumed to be normally
distributed. Confidence intervals for proportions were calculated by usual normal distribu-
tion approximations. All tests were two sided.

IX. RESULTS AND COMMENTS

Two months after randomization into STOP-Hypertension, all patients were still undergo-
ing single drug therapy, and active treatment and placebo had lowered supine blood pres-
sure by 13 to 25/9 to 11 mm Hg and 7 to 8/4 to 5 mm Hg, respectively. When comparing
the ‘‘net’’ effects of single drug therapy, all four regimens gave approximately the same
effect on diastolic blood pressure (5.3 to 6.4 mm Hg) but HCTZ � Am was more effective
in lowering systolic blood pressure (17.6 mm Hg). Pindolol tended to be more effective
in lowering supine systolic blood pressure (11.4 mm Hg) than metoprolol CR or atenolol
(6.3 and 7.2 mm Hg, respectively) (Table 7).

After 12 months of treatment, 65% of the actively treated patients received supple-
mentary drugs. A majority of those starting with a β-blocker received supplementary treat-
ment (68% to 78%), compared with those who started with the diuretic (40%). Those
receiving placebo had supplementary placebo treatment in approximately 80%. After addi-
tion of supplementary treatment, there were no significant differences in blood pressure
lowering between the groups, which was evident already at the 6-month visit (data not
given). When adding supplementary treatment, there was a further reduction in the blood
pressure by 13.6/4.9 mm Hg in the metoprolol group in which 78.1% received supplemen-
tary treatment; 15.4/4.2 mm Hg (68.3% supplement) in the atenolol group; 12.8/4.0 mm
Hg (72.5% supplement) in the pindolol group; and 0.6/1.3 mm Hg (40.2% supplement)
in the HCTZ � Am group.

At the last follow-up before study termination in STOP-Hypertension, the supine
blood pressure was 186/96 (SD 22/10) mm Hg in the placebo group and 167/87 (SD 21/
9) mm Hg in the actively treated group (difference of 19.5/8.1 mm Hg). At the end of
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Table 7 Efficacy of Drug Treatment on Blood Pressure (mm Hg) and Heart Rate (beats/min) 0–2 Months. Difference Between Active and Placebo
Treatment � (active [2 months] � placebo [2 months]) � (active [0]-placebo [0]); 95% CI

Metoprolol CR Atenolol Pindolol HCTZ � Am

Supine
SBP �6.3 (�10.7, �1.8) �7.2 (�11.8, �2.6) �11.4 (�16.8, �5.9) �17.6 (�21.7, �13.6)
DBP �5.3 (�7.4, �3.2) �6.4 (�8.7, �4.1) �5.9 (�8.8, �3.1) �5.8 (�7.7, �3.9)
Heart rate �9.4 (�12.3, �6.5) �14.4 (�17.4, �11.4) �7.3 (�10.8, �3.7) �0.5 (�3.0, �2.0)
Standing
SBP �6.4 (�11.7, �1.1) �7.1 (�12.9, �1.4) �9.3 (�15.7, �2.9) 17.7 (�22.4, �13.1)
DBP �4.9 (�7.4, �2.3) �7.5 (�10.3, �4.7) �7.5 (�10.9, �4.2) �7.7 (�9.8, �5.5)
Heart rate �9.8 (�12.9, �6.8) �17.8 (�20.8, �14.7) �9.7 (�13.8, �5.6) �1.2 (�1.6, 4.0)

Abbreviations: HCTZ � Am, hydrochlorothiazide plus amiloride; SBP, systolic blood pressure; DBP, diastolic blood pressure.
Source: From Ref. 54.
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Fig. 1 Percentages of patients who have escaped a primary end point (A), fatal or nonfatal stroke
(B), or death (C) during four years of treatment. Survival functions estimated by maximum likeli-
hood method assuming constant hazard functions within 6-month periods; P-values apply to total
study period. (From Ref. 44, used with permission.)
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the study, 77% of the placebo group and 84% of the actively treated group were still
taking the study medication and two-thirds of the actively treated patients received com-
bined treatment.

The complete blood pressure goal in STOP-Hypertension (less than 160 mm Hg
systolic and less than 95 mm Hg diastolic), at the 2-month visit, was attained by only 9%
to 15% of the patients given β-blockers and 30% of those receiving HCTZ � Am. At the
12-month visit, the corresponding figures had risen from 22% to 39% and 35%, respectively.

A. Comments

Our findings clearly showed that administration of active hypertensive therapy reduced
supine blood pressure substantially in comparison with placebo in hypertensive patients
aged 70 to 84. Before discussing the differences in antihypertensive efficacy of the four
drugs used in STOP-Hypertension, it was necessary to establish that the composition of
the study groups did not differ. Before the start of the study, each health center was free
to choose its basic and supplementary treatment. The 95% CIs at randomization over-
lapped for all four treatment regimens and their corresponding placebos. In fact, even the
attained blood pressure levels after 2 months were equal for the four placebo groups. At
the 2-month visit (when all patients were still on monotherapy), all four drugs were equally
effective in lowering diastolic blood pressure. There were, however, considerable differ-
ences in their efficacy in lowering systolic blood pressure: as monotherapy, HCTZ � Am
was more effective than the β-blockers (40% vs 68% to 78%). This finding is in accordance
with the results of the Medical Research Council (MRC) trial in the elderly (42), where
HCTZ � Am was found to lower systolic blood pressure better than atenolol, whereas
there was no difference in the drugs’ efficacy on diastolic pressure. In all patients in STOP-
Hypertension, more than two-thirds of the patients were given supplementary treatment,
most of them already after the 2-month visit. After addition of supplementary treatment,
there was no significant difference in the lowering of blood pressure between the treatment
regimens, and the attained blood pressure reduction was in line with what could be ex-
pected (39, 45, 46) (see Fig. 1).

The complete blood pressure goal of STOP-Hypertension (less than 160 and less
than 95 mm Hg) was only attained in a minority of the patients at the 2-month visit. At
the 12-month visit—after addition of supplementary treatment—only 22% to 35% of the
patients had attained the goal. Even so, the outcome of the STOP study was satisfactory,
with a considerable reduction in the incidence of cardiovascular disease in the patients
receiving active treatment, as shown below.

X. ACTIVE ANTIHYPERTENSIVE TREATMENT AND MORBIDITY
AND MORTALITY

Compared with placebo, active treatment significantly reduced the number of primary
endpoints (94 vs 58; P � 0.0031), fatal and nonfatal stroke (53 vs 29; P � 0.0081), and
total mortality (63 vs 36; P � 0.0079) (Table 8) (see Fig. 1).

The beneficial effects of active antihypertensive treatment were discernible at all
ages studied. From life table analysis, it was evident that patients receiving active treatment
had significantly fewer primary endpoints, lower morbidity and mortality from stroke, and
lower total mortality than those on placebo; these effects were apparent early in the study
and became more pronounced with time. Women seemed to have a better effect from the
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Table 8 Primary Endpoints and Mortality by Treatment Group

All Placebo Active

No. per 1000 No. per 1000 Relative risk
No. patient-yr No. patient-yr (95% CI)

Primary endpoint*
All MI 28 16.5 25 14.4 0.87 (0.49, 1.56)
Fatal MI 6 3.5 6 3.5 0.98 (0.26, 3.66)
All stroke 53 31.3 29 16.8 0.53 (0.33, 0.86)
Fatal stroke 12 7.1 3 1.7 0.24 (0.04, 0.91)
Other CV death† 13 7.7 4 2.3 0.30 (0.07, 0.97)
Total 94 55.5 58 33.5 0.60 (0.43, 0.85)

Mortality‡
Fatal MI 8 4.5 6 3.4 0.75 (0.21, 2.47)
Fatal stroke 15 8.4 4 2.3 0.27 (0.06, 0.86)
Sudden death 12 6.8 4 2.3 0.33 (0.08, 1.10)
Other CV death 6 3.4 3 1.7 0.50 (0.08, 2.34)
Total deaths§ 63 35.4 36 20.2 0.57 (0.37, 0.87)

* Only the first endpoint to happen.
† Including sudden death.
‡ Irrespective of preceding nonfatal primary endpoint.
§ All causes.
Abbreviations: MI, myocardial infarction; CV, cardiovascular; 95% CI, 95% confidence interval.
Source: From Ref. 44.

treatment than men, even though this difference was not statistically significant (Table 9).
There was no difference in the attained blood pressure level between the two genders
(data not given). During the study, 172 secondary endpoints occurred, 132 in the placebo
group and 40 in the actively treated group (P � 0.001). These endpoints were congestive
heart failure (39 vs 19), hypertension (above 230/120 mm Hg; 75 vs 10), transient ischemic
attacks (9 vs 3), and angina pectoris (9 vs 8).

A. Comments

These results are at least as positive as those of previous intervention trials in young
and middle-aged hypertensive patients. As well as supporting previous positive results of
antihypertensive therapy in young elderly populations (38, 39), our study clearly shows

Table 9 Endpoint Rates (number per 1000 person years) According to Sex; Relative Risk;
95% Confidence Interval

Males Females
RR Males/RR Females

Active Placebo RR Active Placebo RR (95% CI)

All mortality 23.2 49.0 0.47 18.5 27.2 0.68 0.69 (0.30; 1.59)
All stroke 25.8 31.6 0.81 11.7 31.1 0.38 2.17 (0.86; 5.42)
All MI 24.2 23.7 1.02 9.0 12.2 0.73 1.39 (0.47; 4.13)

Abbreviations: RR, relative risk; 95% CI, 95% confidence interval; MI, myocardial infarction.
Source: From Ref. 47.
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that antihypertensive treatment can be beneficial in old elderly hypertensive patients. In
many previous intervention trials against various cardiovascular risk factors, there have
been positive effects of treatment on particular endpoints, such as stroke morbidity or
mortality, without significant effects on total mortality. Because a reduction in total mortal-
ity is as desirable a goal as an effect on individual endpoints, the highly significant reduc-
tion in total mortality obtained with active hypertensive treatment is important. Perhaps
equally important is the substantial decline in stroke morbidity. Also of interest is the
clear effect of active treatment on the incidence of stroke in women in the present study
(11.7 vs 31.1 per 1000 person-years). In men, this effect was less impressive (25.8 vs
31.6). In the European Working Party, on High Blood Pressure in the Elderly (EWPHE)
trial, the treatment effect on all cardiovascular mortality (stroke was not separated in this
analysis) tended to be better in men than in women (39, 40). The same tendency was seen
for stroke in the Systolic Hypertension in the Elderly Program (SHEP) study (41). In the
MRC trial in the elderly, there was no difference between the sexes (42).

XI. BLOOD PRESSURE AND CARDIOVASCULAR EVENTS

It can be asked, which blood pressure variable is the most efficient predictor of stroke
and cardiac event, and which linear combination of all possible combinations is the best
predictor? We found DBP to be a much stronger predictor of cardiovascular disease than
SBP, mean arterial pressure, pulse pressure, and postural change of blood pressure (47).
We have also analyzed the predictive value of SBP alone, without the influence of DBP,
and found SBP to be a very weak and nonsignificant predictor of cardiovascular dis-
ease (47).

In the whole study group (n � 1627), the risk of stroke increased by 3% per mm
Hg (P � 0.0247) and the risk of a cardiac event increased by 2% per mm Hg (P �
0.0376) with increasing DBP for a given systolic pressure. For increasing SBP there was
a nonsignificant decrease in stroke by 0.5% per mm Hg, and a nonsignificant increase in
cardiac events by 0.2% per mm Hg for a given diastolic pressure.

A. Comments

In the present study, cardiovascular endpoints were related to the in-study DBP and not
to the systolic one. This was not so in the EWPHE study, in which the opposite was found.
It should be remembered, however, that the EWPHE trial recruited patients mostly from
(university) clinics, 35% of whom had had a cardiovascular complication at entry (39,
40), whereas STOP-Hypertension was carried out in Swedish primary health care in pa-
tients with fewer complications at entry (Table 2). Patients in the STOP trial were also
four years older and had higher blood pressure at randomization than those in the EWPHE
trial.

XII. ACTIVE ANTIHYPERTENSIVE TREATMENT
AND LABORATORY VARIABLES

The changes in laboratory values over time were limited (data not shown here). As ex-
pected, at the 12-month visit both serum creatinine and serum urate were slightly increased
in all four groups (47). In Table 10, the relative changes in risk associated with an increase
of one U (mmol/L, g/L, or µmol/L) in the laboratory variables is given; all the laboratory
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Table 10 The Relative Change in Risk (%) with a 1-U Increase in the Laboratory Variable
(95% CI)

Variable Stroke Cardiac events

S-cholesterol (mmol/L) 3.7% (�17.8%, 30.7%) �8.3% (�25.3%, 12.5%)
S-creatinine (µmol/L) 0.1% (�0.9%, 1.1%) 0.3% (�0.5%, 1.1%)
B-glucose (mmol/L) �5.1% (�16.4%, 7.8%) 2.8% (�5.5%, 12.0%)
B-hemoglobin (g/L) 0.8% (�1.0%, 2.7%) 0.6% (�3.5%, 4.8%)
S-potassium (mmol/L) �4.2% (�47.3%, 74.0%) 21.8% (�24.9%, 97.4%)
S-sodium (mmol/L) 7.7% (�0.9%, 17.0%) �1.1% (�7.5%, 5.8%)
S-urate (µmol/L) 0.1% (�0.2%, 0.4%) 0.1% (�0.1%, 0.3%)

Abbreviations: S, serum; B, blood.
Source: From Ref. 47.

variables were nonsignificant as risk factors, whereas smoking and age came out highly sig-
nificant, especially for cardiac events (data not given here; for further data, see Ref. 47).

A. Comments

The present analyses clearly show that the changes in laboratory values were limited and
in line with what could be expected from other studies in which diuretics have been used
(38, 39, 41). Even though a majority of our actively treated patients were given a diuretic,
there were no negative effects on the blood glucose values. This could be explained by
the use of a potassium-sparing agent (48).

When the results of other studies in the elderly are considered, the list of contradic-
tory results can be made long, illustrating the need for large observational studies like
that of the Multiple Risk Factor Intervention Trial (MRFIT) study (n � 356,222), which
gave data on middle-aged men with high precision (49). In the EWPHE study (39) com-
prising 822 elderly patients, 160 of whom died, there was a 14% (95% CI: 1%, 25%)
decrease in total mortality for each 1-mmol/L increase in S-cholesterol. There was also
an inverse trend for cardiovascular mortality (P � 0.08), based on 106 deaths. In the MRC
trial (42), the relative risk for 1-mmol/L increase in cholesterol was 0.94 (95% CI: 0.84,
1.06) and for coronary disease, 1.27 (95% CI: 1.14, 1.41). In our own study, there was
a nonsignificant decrease of �8.3% (95% CI: �25.3%, 12.5%) in cardiac events with an
increase of 1-mmol/L in S-cholesterol. In contrast, another study from the Bronx of 708
old patients (mean age 82 years) with a 41-month follow-up and 213 coronary events,
had a β-coefficient of 0.017 (p � 0.005) in a logistic regression model (50), which equals
a 1.7% increase of risk per 1 mmol/L increase in S-cholesterol. In the Framingham heart
study, a 1% increase in cholesterol led to a 2% increase in incidence of coronary heart
disease, and this was so also for subjects aged 60 to 70 years. To reach significance in
elderly subjects it was, however, necessary to increase the follow-up period from two to
ten years (51). In the oldest age group of the Framingham study, the numbers were very
limited and the results far from consistent; for example, there was a clear tendency toward
decreasing coronary heart disease in elderly women in the highest cholesterol quintiles (52).

XIII. ACTIVE ANTIHYPERTENSIVE TREATMENT AND SIDE EFFECTS

No unexpected, serious, or previously unknown side effects were evident during the study.
Fifty-eight patients on active treatment and 47 on placebo discontinued randomized treat-
ment because of subjective side effects not classified as any specific clinical event (differ-
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ence not significant). Congestive heart failure was less common in the actively treated
group than placebo (19 vs 39 cases). The only significant differences found in the preva-
lence of symptoms at the 2-month visit (active treatment compared with placebo in mo-
notherapy) were more dryness in the mouth (atenolol), fewer swollen ankles (metoprolol
CR, HCTZ � Am), more muscle discomfort/cramp (pindolol), more reduced heart rate
(atenolol), and less irregular heartbeat (HCTZ � Am). At the 12-month visit (65% with
supplementary treatment), the findings were similar with a few exceptions (Table 11):
there were no longer any differences in swollen ankles (metoprolol CR, HCTZ � Am),
but there were more patients with cold hands and feet (atenolol).

A. Comments

Our data show that the satisfactory effect on cardiovascular morbidity and mortality was
not impaired by a low tolerability of the drugs. In the EWPHE study, however, more
clinical side effects were reported, especially among the 35% of patients who were given

Table 11 Difference* in Prevalence (%) of Symptoms (Mild and Severe Combined) Between
Active and Placebo Groups after 12 Months of Drug Therapy (95% CI)

Metoprolol CR Atenolol Pindolol HCTZ � Am

Tired 3.3% 3.8% �4.3% �6.6%
(�5.4, 12.0) (�5.6, 13.2) (�15.5, 6.9) (�14.5, 1.2)

Depressed �3.7% 3.9% �4.3% 4.7%
(�11.0, 3.6) (�3.3, 11.1) (�12.8, 4.2) (�1.7, 11.1)

Disturbed sleep 2.9% 6.1% 4.3% 2.3%
(�6.2, 12.0) (�2.4, 14.7) (�5.9, 14.5) (�5.6, 10.2)

Dizziness �2.5% 2.8% 4.3% �2.3%
(�9.7, 4.7) (�4.6, 10.1) (�4.9, 13.5) (�9.0, 4.5)

Dizzy on rising 4.1% �1.8% �1.7% �1.5%
(�2.7, 10.9) (�8.8, 5.2) (�9.6, 6.1) (�7.0, 4.0)

Dry mouth 4.2% 12.2% �2.6% 0.7%
(�4.9, 13.4) (2.6, 21.8) (�13.7, 8.5) (�7.6, 9.1)

Short of breath 1.8% 5.6% 7.8% �2.2%
(�4.5, 8.2) (�1.0, 12.3) (�0.2, 15.7) (�7.4, 2.9)

Swollen ankles �2.8% �2.9% �3.4% �2.3%
(�9.5, 3.8) (�9.5, 3.7) (�12.8, 5.9) (�7.7, 3.1)

Chest pain 1.8% �1.2% �2.6% 4.3%
(�3.1, 6.7) (�7.4, 5.0) (�10.3, 5.1) (�0.5, 9.0)

Muscular discomfort/cramp 2.1% 7.7% 22.4% �2.1%
(�5.7, 9.8) (�0.9, 16.4) (12.2, 32.6) (�9.3, 5.1)

Cold hands/feet 6.7% 13.5% 0.9% 0.3%
(�2.5, 15.9) (3.8, 23.1) (�9.3, 11.0) (�7.4, 8.0)

Slow heart rate 0.2% 4.0% 0.9% 2.4%
(�3.3, 3.7) (0.0, 7.9) (�0.8, 2.5) (�0.4, 5.2)

Irregular heart rate �3.4% �1.2% �2.6% �10.0%
(�9.0, 2.2) (�6.5, 4.1) (�8.0, 2.9) (�15.4, �4.6)

Pain in big toe �1.0% �1.2% 1.7% �1.0%
(�5.2, 3.2) (�5.0, 2.6) (�4.4, 7.8) (�4.1, 2.1)

Note: A negative figure indicates the symptom is more prevalent in the placebo group.
* Difference � active [12 months] � placebo [12 months].
Source: From Ref. 54.



190 Lindholm et al.

supplementary treatment with methyldopa (44). It is interesting that so few patients in
STOP-Hypertension complained of tiredness or disturbed sleep, even though the majority
of the actively treated patients received β-blockers (Table 11). Significantly more patients
in the group receiving pindolol, however, complained of muscle discomfort or cramp.
This finding has been previously described and some suggestions for its mechanism have
been made (53). In the Hypertension in Elderly Patients in Primary Care (HEP) study,
there were no differences in symptoms between patients given active treatment and those
given no treatment at all (38).

Finally, let us turn to some limitations of STOP-Hypertension. First, we have in-
cluded relatively healthy hypertensives, as those with other, more serious cardiovascular
diseases have been excluded according to the study protocol. This has been necessary
because of the use of placebo in the trial. It is reasonable to believe that those with organ
damage would have benefited at least as much as those without complications. Second,
the studies have only been carried out during a limited period. The STOP-Hypertension
study was ended for ethical reasons after a mean follow-up of only 25 months. It is difficult
to say, but reasonable to believe, that the outcome would have been even better if the
study had been allowed to continue for another three years as originally planned. Third,
only diuretics and β-blockers were used. Therefore, STOP-Hypertension gives no informa-
tion about the efficacy of the other two major groups of modern antihypertensives (angio-
tensin-converting enzyme-inhibitors and calcium antagonists), which may be more suit-
able for an individual patient because of his or her other diseases; in this age group,
patients often have more than two or three diagnoses. The efficacy of these drugs has
been tested in STOP-Hypertension-2. Fourth, the results are only valid for patients who
fulfill the blood pressure criteria used. In STOP-Hypertension, patients had to have a SBP
value at three separate visits (mean of two recordings at each visit) between 180 and 230
mm Hg with a diastolic pressure of at least 90 mm Hg, or a diastolic pressure between
105 and 120 mm Hg, irrespective of the systolic pressure. Furthermore, during this period,
the patients received placebo treatment. This means that the treatment effect in STOP-
Hypertension was shown in patients with relatively high blood pressure levels. Mean blood
pressure at randomization was 195/102 (SD 14/7) mm Hg. Most patients who visit Swed-
ish health centers for high blood pressure have lower blood pressure levels, and it is
likely that treatment is less beneficial. Fifth, patients with other, serious noncardiovascular
diseases (such as cancer) have not been included in the studies. Great care should be taken
when treatment is considered in these patients.

XIV. CONCLUSION

Antihypertensive drug treatment in hypertensive men and women ages 70 to 84 confers
highly significant and clinically relevant reductions in cardiovascular (especially stroke)
morbidity and mortality, as well as in total mortality.

The β-blockers metoprolol CR, atenolol, and pindolol, and the diuretic combination
of hydrochlorothiazide and amiloride were equally effective as single drugs in lowering
DBP. There were differences in their efficacy in lowering SBP: the diuretic was more
effective than the β-blockers in doing so. After addition of supplementary treatment, there
were no significant differences between the groups in blood pressure lowering efficacy.
The changes in laboratory values and in the prevalence of symptoms were minor for all
active treatment regimens compared with placebo. Thus, the satisfactory effect on cardio-
vascular morbidity and mortality was not impaired by a low tolerability to the drugs.
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54. Ekbom T, Dahlöf B, Hansson L, Lindholm LH, Scherstén B, Wester P-O. Antihypertensive
efficacy and side effects of three β-blockers and a diuretic in elderly hypertensives: a report
from the STOP-Hypertension study. J Hypertens 1992; 10:1525–1530.



This Page Intentionally Left Blank



10

Systolic Hypertension in the Elderly
Program (SHEP): The First
Demonstration That Lowering Systolic
Hypertension Reduced Total Stroke
and All Coronary Heart Disease
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The diastolic blood pressure has not been reported to be more important than the systolic
in the cardiovascular complications of hypertension. No special circumstances in which
the diastolic pressure is of greater importance have yet been demonstrated. Long-term
aortic regurgitation with a wide pulse pressure might offer an opportunity for investigation,
and in the therapeutic studies, groups of patients with the same diastolic pressure and
differing systolic levels could be compared.

‘‘If diastolic blood pressure cannot be shown to be important, why measure it at
all? I discontinued the practice of repeatedly taking the diastolic blood pressure some 10–
12 years ago—that is, once I have ruled out aortic valvular disease, and established that
the relationship between the patient’s systolic and diastolic pressure is of the usual pattern.
Nevertheless, I rarely report the systolic level without being asked, What was the under-
neath one?’’ (1).

1 Fred Hutchinson Cancer Research Center, Seattle, Washington; 2 Wake Forest University Medical Center, Win-
ston-Salem, North Carolina; 3 Mayo Clinic, Rochester, Minnesota; 4 National Institutes of Health, Bethesda,
Maryland; 5 University of Texas, School of Public Health, Houston, Texas; 6 SRI International, Menlo Park,
California.

195



196 Probstfield et al.

I. INTRODUCTION

Diastolic blood pressure (DBP), as opposed to systolic blood pressure (SBP) or the combi-
nation, became the focus of cardiovascular risk assessment relatively early in the 20th
century and of antihypertensive treatment trials in the 1970s (2). Clinical trials focusing
on diastolic hypertension (reviewed elsewhere in this volume) showed that associated
deaths from all causes and strokes could be reduced by vigorous treatment.

A renewed interest in SBP, its elevation, and associated risks was generated first
by an analysis of the Build and Blood Pressure study in 1959 (3, 4). That and other studies
demonstrated unequivocally that an elevation of the SBP was associated with an increase
in morbidity and mortality, especially among older people (4–9). Some analyses were
done with adjustments made for other risk factors (10–14). As Fisher points out, in every
study where the effect of elevations of both SBP and DBP have been compared, elevations
of SBP have consistently shown greater associated risk for stroke coronary heart disease
(CHD), and mortality from all causes. Further, the data showed that an elevation of SBP
in the presence of normal DBP (that is, isolated systolic hypertension [ISH]) was associ-
ated with an increased risk of stroke, cardiovascular disease, and mortality from any cause.
Systolic Hypertension in the Elderly Program (SHEP) was the first clinical trial of antihy-
pertensive therapy to focus on SBP and specifically ISH.

Both the SBP and DBP increase with age in men and women until the early 50s.
Between the ages of 54 and 59 years, DBP plateaus and thereafter falls modestly for the
remainder of life. The prevalence of elevated DBP (that is, 90 mm Hg or more), therefore,
increases until the mid-50s. Elevated SBP (for example, 140 mm Hg or more) is infrequent
before the age of 50, begins to rise in prevalence about age 55, and continues to increase
well beyond the age of 80 (15). Further, the National Health and Nutrition Examination
Survey (NHANES)-III data demonstrate that for Americans between the ages of 55 and
74, women have a slightly higher prevalence of elevated SBP than men and African-
Americans have a higher prevalence than caucasians. African-American females as a race-
sex group have the highest prevalence at 11.3% (15).

The SHEP pilot study (SHEP-PS) screening data demonstrated that the prevalence
of ISH increased dramatically from 6% for people ages 60 to 69 years to 18% for those
older than 80 years (16). Isolated systolic hypertension prevalence data, along with projec-
tions in the population growth, strongly suggested that there could be 8 million incidences
of ISH in the United States alone by the year 2025.

Data from prospective epidemiological studies and insurance actuarial studies
strongly suggest that ISH has an associated twofold increased risk for deaths from all
cardiovascular disease, a threefold increase in risk of stroke, a twofold increase in risk of
coronary heart disease (5), and a 1.7-fold increase in risk of mortality from all causes (1).
These increases in risk associated with the presence of ISH are present for both middle-
aged and older individuals and for both men and women. Similar findings of increased
risk have been confirmed in other studies (11, 14).

A. History of SHEP

In 1973, the leadership and policy boards of the U.S. Public Health Service Hospitals and
Veterans Administration Cooperative Studies trials in hypertension that had overlapping
membership identified hypertension in the elderly as a high priority for clinical trial inves-
tigation (17–20). Early sample-size calculations demonstrated that a trial of approxi-
mately 4500 participants would be needed using fatal and nonfatal stroke as a primary
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endpoint. In 1978, an investigator-initiated application was submitted to the National
Heart, Lung, and Blood Institute (NHLBI), National Institute on Aging (NIA), and the
National Institute of Mental Health (NIMH). The proposed trial was to address the ques-
tion of whether lowering SBP, specifically ISH, in men and women aged 60 years and
older, using currently available pharmacological drugs, would significantly reduce the
risks of mortality from all causes, nonfatal myocardial infarction, and nonfatal stroke. In
addition, the trial was to investigate issues related to dementia and depression. An NHLBI
workshop on hypertension in the elderly in January 1979 addressed issues related to the
appropriate goal for SBP reduction, the optimum pharmacological regimen in the elderly,
the possible impact of antihypertensive treatment on behavioral and cognitive functions,
and the problem of adherence to drug regimens in the elderly. The conference concluded
that a trial should be undertaken on the efficacy of drug treatment for older persons with
ISH. A revised application was submitted in February 1979. Approval was recommended
by the NHLBI Advisory Council after a special ad hoc panel reviewed specific protocol
issues. The ad hoc review panel recommended that only those with DBP below 90 mm
Hg should be included in the trial. Other concerns reviewed by that panel included the
choice of study medications, their starting and maximum doses, and the potential associ-
ated adverse effects. The panel recommended that these issues be explored in a pilot
study by the applicant investigative group. A final recommendation was that the insti-
tutes’ contract mechanism be used in the full-scale study if the pilot study were successful
(21).

The SHEP pilot study was approved by the NHLBI, NIA, and NIMH in February
1980. Investigators from five institutions comprised the steering committee (Kaiser Perma-
nente Center for Health Research, Portland, Oregon, Washington University, St. Louis,
Missouri, University of Pittsburgh, Pennsylvania, Rush Presbyterian-St. Luke’s Medical
Center, Chicago, Illinois; University of Alabama, Birmingham). The coordinating center
was located at the University of California, San Francisco. Program staff from NHLBI
participated in the planning process (21).

Objectives for SHEP-PS (22) included the following: (a) to assess the feasibility of
recruiting and retaining 500 elderly participants with ISH in a long-term, double-blind,
placebo-controlled trial and to estimate and compare the yield of participants for enroll-
ment from various community groups with the use of various recruitment techniques;
(b) to estimate the adherence-to-visit schedule and prescribed double-blind medication
treatment regimens; (c) to estimate the efficacy of prescribed antihypertensive medications
for the reduction of high SBP; (d) to estimate unwanted effects of such medication in older
people; (e) to evaluate feasibility and effectiveness of periodic behavioral assessments of
the participants; and (f) to develop and test methods for determination of stroke and other
disease end points (22).

Recruitment of 551 participants was accomplished in about one year (16). This rep-
resented about 2% of those screened (27,299 total) who were untreated and otherwise
unselected age-eligible persons. In targeted selected populations, the yields were higher.
More than one-third of those screened were taking antihypertensive medications. About
one-fifth of those taking antihypertensive medication were willing to discontinue their
medications and were found to have ISH and were ultimately randomized.

The SHEP-PS participants kept more than 90% of their scheduled visits, and those
remaining on medication took more than 90% of their assigned study drug (23). About
18.5% of the participants terminated their study medications (mostly at their own request).
Alteration but continuation of the study drug regimen occurred in 7.1% of the active
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treatment group and 4.0% of the placebo group. Three months into the treatment regimen,
75% of those assigned to a chlorthalidone-based stepped care regimen and 34% of those
assigned to placebo had achieved a 20 mm Hg reduction in their SBP (or were below 160
mm Hg) from baseline. The average reduction was 17 mm Hg in SBP (actively treated
group) and 3 mm Hg in DBP. These reductions were maintained at 12, 24, and 36 months
of follow-up. Although more than 50% of the cohort reported some type of symptoms,
only 10% considered these troublesome and only 2% intolerable. There were changes in
the mean serum potassium (lower) and uric acid (higher), but no other laboratory variables
changed in the chlorthalidone-based regimen-treated group compared with the placebo-
treated group. Few ectopic beats or arrhythmias were reported in either intervention group.
Behavioral assessment, including evaluation of cognitive, emotional, and physical func-
tions, was well tolerated and without logistical issues. Feasible endpoint procedures were
developed for stroke and other outcome measures (22).

After successful completion of SHEP-PS recruitment and with the encouraging re-
sults from the intervention (24), NHLBI and NIA obtained approval from their respective
advisory councils and a request for proposals (RFP) was solicited for both the clinical
centers and the coordinating center for the full-scale study. Development of the detailed
protocol was begun in 1984 (21, 25). Recruitment needed to be extended nine months
(see details below). Follow-up went to the designed trial end with the monitoring boundary

Fig. 1 Stochastic curtailment boundaries used in Systolic Hypertension of the Elderly Program
(SHEP) for final coded strokes and total mortality. The last two sets of points represent the data
presented at the July 1990 and December 1990 DSMB meetings. Inner boundaries represent condi-
tional power (CP) of 80% under H0.
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for the primary outcome variable crossed only at the last regularly scheduled meeting of
the Data and Safety Monitoring Board (DSMB) (Fig. 1).

II. WHY THE TRIAL WAS DONE AND THE FORMAL HYPOTHESES

A. Why

By the early 1980s, the data on disease prevalence, the mortality and morbidity associated
with the condition of ISH, and expanding population at risk suggested that there was both
a health condition and treatment problem of public health proportions that was developing
and would continue to expand well into the 21st century. Pharmacologic studies had dem-
onstrated an effective regimen to lower blood pressure (26). Broad interest within the
scientific community had been demonstrated for investigator participation in the inquiry
related to the proposed questions. Further, the successful pilot study demonstrated that
an appropriate population could be identified and successfully recruited. The identified
intervention regimen was successful in lowering the blood pressure and was well tolerated
and associated with a low order of magnitude of adverse effects. Related questions regard-
ing behavioral issues were possible to assess, the primary and secondary outcome mea-
sures related to the conduct of the main trial had been defined, and ascertainment was
deemed feasible (21, 25).

B. Objectives and Questions Designed to be Answered
in the Context of Time

1. Primary Hypothesis

The primary hypothesis to be tested in SHEP was whether long-term administration of
antihypertensive therapy to older persons with ISH (SBP of 160 mm Hg or more and
DBP less than 90 mm Hg) would reduce the combined incidence of fatal and nonfatal
stroke during a 5-year follow-up period (21, 25). Incidence of total stroke (fatal and nonfa-
tal) was selected as the primary endpoint because it is the major cardiovascular complica-
tion most strongly associated with level of SBP, and it is the event most conclusively
affected by drug treatment of hypertension (21, 25).

2. Secondary Objectives

The SHEP investigators also aimed to assess the effect of long-term antihypertensive
therapy on cardiovascular complications, including coronary events and morbidity and
mortality in older people with ISH; the effect of long-term antihypertensive therapy on
other selected morbidity (dementia, clinical depression, deterioration of cognitive func-
tion) and mortality from any cause; the possible adverse effects of long-term use of antihy-
pertensive drug treatment in participants; the effect of therapy on quality-of-life indices
such as hospital and nursing home admissions, days of restricted activity, level of func-
tional impairment, and incidence of fracture of the hip, wrist, or vertebra; and the natural
history of ISH in the placebo group (21, 25).

a. All CHD

Reduction in the risk of CHD, specifically nonfatal myocardial infarction (MI) and fatal
CHD, had not been previously demonstrated in trials of antihypertensive treatment (27).
Further, the potential benefit suggested from meta-analyses of long-term observational
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studies (28) was nearly double that calculated in meta-analyses from the observed effects
in antihypertensive trials (27).

b. Total Mortality

Although the sample size in SHEP was of insufficient quantity to test whether death from
all causes could be reduced by the proposed interventions, this outcome was interesting
because of its general importance and for purposes of monitoring unexpected adverse
effects (21, 25).

3. Other Analyses Not Specifically Prespecified

a. Type 2 Diabetic Participants

Diuretic and beta-blocker treatment for any indication in diabetics had been considered
to be relatively contraindicated (11). Type 2 diabetic patients not requiring insulin were
allowed to be randomized into the trial. Therefore, this trial would afford an opportunity
to observe the effect of low-dose, diuretic-based antihypertensive treatment on major car-
diovascular disease event rates in non–insulin-dependent participants compared with non-
diabetic participants.

b. Prevention of Congestive Heart Failure

Heart failure is a major health problem internationally and results in approximately one
million hospitalizations in the United States annually (11). Isolated systolic hypertension
is specifically identified as a common antecedent to heart failure. The SHEP final results
demonstrated a profound reduction in the incidence of congestive heart failure (CHF) in
the actively treated group. Further analyses have focused on the impact of treatment for
those with and without history of or electrocardiographic (ECG) evidence of prior MI
(30).

c. Predictors of Stroke and Coronary Heart Disease

Baseline data were used to assess associated risk for stroke (31) and CHD (32, 33) in this
cohort of older individuals. Variables assessed were demographic characteristics; blood
pressure; history of smoking, diabetes, alcohol use and cardiovascular disease; lipid and
lipoprotein variables; hematocrit; ECG abnormalities; estrogen use (women); and selected
elements of the physical examination.

4. Subgroup Hypotheses

In addition to the primary and secondary hypotheses, two a priori subgroup null hypotheses
were formulated and plans were made for analysis and reporting (21, 25, 34).

‘‘The change in the incidence of total stroke due to treatment of ISH is the same
in those not on antihypertensive medication at the time of initial screening as in those on
such medication,’’ and ‘‘The change in the incidence of sudden cardiac death or of cardiac
death plus nonfatal myocardial infarction is the same in those with resting ECG abnormali-
ties at baseline as in those with normal ECGs.’’

Although other a priori subgroup hypotheses regarding presence or absence of prior
cardiovascular diseases and demographic and personal characteristics were considered,
plausible expected differences in relative effects of treatment gave an estimated power of
less than 50% (two-sided alpha � 0.05) (21). Therefore, these questions with calculated
limited power were not included as formal subgroup hypotheses.
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III. PROTOCOL SUMMARY

A. Multicenter Trial and Clinical Center Locations

In 1983, an RFP was issued by the NHLBI to identify clinical centers and a coordinating
center. After following the standard competitive process, 17 clinical centers and a clinical
coordinating center were identified. Despite best efforts, one of the clinical centers was
unable to successfully identify and enroll participants and the center was dropped about six
months into the recruitment period. Participating clinical centers included: Albert Einstein
University (New York), Emory University (Atlanta), Kaiser Permanente Center for Health
Research (Portland), Northwestern University (Chicago), Miami Heart Institute (Miami),
Medical Research Institute (San Francisco), Robert Wood Johnson Medical School (New
Brunswick), Universities of Alabama (Birmingham), California (Davis), Pacific Health
Research Institute, Hawaii (Honolulu), Kentucky (Louisville), Minnesota (Minneapolis),
Pittsburgh, Tennessee (Memphis), Washington University (St. Louis), Yale (New Haven)
(21, 25).

B. Population

This was primarily an urban, multiethnic group of men and women from all socioeconomic
groups, all of whom were 60 years of age or older (34).

1. Entry Criteria

The SHEP entry criteria were designed to allow inclusion of age-eligible persons meeting
the blood pressure criteria and likely to be able to participate in the study, while excluding
individuals with serious comorbid or other factors likely to cause problems with participa-
tion or confound the eventual results (21, 25).

a. Inclusion Criteria

Study inclusion criteria were: (a) age 60 years or older; (b) mean SBP 160 to 219 mm
Hg and BDP less than 90 mm Hg (average of baseline visits 1 and 2); (c) willingness to
comply with study protocol, including scheduled visits, assigned medications, and clinical
laboratory; and (d) behavioral evaluations; and (e) no anticipated change in residence of
more than 50 miles.

b. Exclusion Criteria

Study exclusion criteria were (21, 25): (a) evidence of atrial fibrillation or flutter, second-
or third-degree atrioventricular (AV) block, multifocal ventricular premature beats
(VPBs), VPBs in pairs or runs or VPBs more frequent than 10% of beats, or heart rate
of less than 50 beats/min; (b) permanent pacemaker; (c) history of stroke with residual
paresis or other neurological disability; (d) suspected or established significant renal dys-
function; (e) alcohol abuse (based on clinical judgment); (f) history of coronary bypass
surgery or myocardial infarction within the past 6 months; (g) current treatment with
insulin, anticoagulants, or drugs having antihypertensive activity; (h) uncontrolled conges-
tive heart failure; (i) malignant neoplasm or other life-threatening disease; (j) contraindica-
tions to chlorthalidone; (k) peripheral arterial disease and evidence of ischemic tissue
injury or loss; (l) dementia (based on clinical judgment); (m) residence in a nursing home;
(n) history of transient ischemic attack (TIA) and carotid bruit in the appropriate location;
(o) two TIAs in the same distribution; (p) malignant hypertension, past or present; and
(q) treatment for known diastolic hypertension.
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C. Intervention Groups, Intervention Regimen: Medications
and Stepped Approach

Screenees were randomized to either active medication or placebo (Fig. 2) (21, 25). Active
treatment was started the day after randomization with the low-dose diuretic, chlorthali-
done (12.5 mg/day, increased as needed to 25 mg/day, maximum), to which the beta-
blocker atenolol (25 mg/day increased as needed to 50 mg/day, maximum) was added,
if goal SBP was not achieved. Alternatively, reserpine (0.05 or 0.10 mg/day) was used
if atenolol was contraindicated. A comparable regimen using a stepped approach of pla-
cebo tablets was provided to half the participants. Chlorthalidone was selected for initial
therapy because it had proven safe and effective in SHEP-PS (22) and in the older partici-
pants in the Hypertension Detection and Follow-up Program (HDFP) (22). The second
agent selected for use was the once-a-day beta-blocker, atenolol. The SHEP investigators
wanted an agent for which there was considerable clinical experience. Although some
favored angiotensin-converting enzyme inhibitors or calcium channel blockers for the sec-
ond agent, neither had been widely used at the time nor approved by the FDA for the
treatment of hypertension.

D. Follow-Up

After randomization, participants returned in 4 weeks and then again 4 weeks later (21,
25). If participants were at or below SBP goal at 8 weeks, they were to return at regularly

Fig. 2 The Systolic Hypertension of the Elderly Program (SHEP) clinic visit and treatment sched-
ule. IC, initial contact; BL1 and BL2, baseline visits 1 and 2, respectively. Drug dosages are on a
per-day basis. (From Ref. 21, with permission.)
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scheduled quarterly visits. If goal SBP had not been reached at the end of 8 weeks, study
medication (active or placebo) was increased to the maximum step or dosage. All partici-
pants were to have quarterly visits after date of randomization for measurement of blood
pressure, heart rate, and body weight. For persons with persistently or severely elevated
blood pressure levels, the protocol provided for the participant’s own physician to select
the antihypertensive drug treatment, and prescribe potassium supplements (provided by
the study) for those with hypokalemia (serum potassium � 3.5 mmol/L). An interval
history was also obtained, including screening for stroke and other study outcomes, as
well as concomitant medication use and adverse events. A pill count and adherence self-
report were done at any visit with a medication change and at 6-month intervals. Trial
duration was a minimum of 4 years for every participant and averaged 4.5 years.

E. Study Organization

In addition to the 16 clinical centers, the Clinical Coordinating Center was located at the
University of Texas School of Public Health in Houston (Fig. 3) (21). The Drug Distribu-
tion Center (United States Public Health Service) was located at Perry Point, Maryland.
The ECG Reading Center was located at the University of Minnesota, the Central Reading
Laboratory for CT Scans at Cheverly, Maryland and Houston, Texas, and the Central
Clinical Laboratory determinations were done at the Smith-Kline-Beecham Laboratories
in Teterboro, New Jersey. The project office was located at the Clinical Trials Branch of
the Division of Epidemiology and Clinical Applications of NHLBI in Bethesda, Maryland.
Study committees included a steering committee made up of the principal investigators
from all of the study clinical centers, the coordinating center and the project office. The
steering committee membership is listed in the Appendix. A small executive committee
was charged with the day-to-day operations of the trial. An independent data and safety
monitoring board (DSMB) (membership listed in the Appendix) reviewed the study data
for both efficacy and safety at 6-month intervals. The DSMB used stochastic curtailment
to monitor the estimate of benefit or harm demonstrated by the data. This was used to
calculate the probability that a conclusion based on interim study results would remain
unchanged at the trial’s end, even if there were no benefits from antihypertensive treatment
for the remainder of the trial (Fig. 1) (35).

F. Visit Plan

1. Study Outcomes

All study outcomes listed below, except where noted, were confirmed by a coding panel
of three physicians from the Endpoint and Toxicity subcommittee blind to randomization
allocation (21, 25). For neurological events, the coding panel included two neurologists.
For myocardial infarction, left ventricular failure, and all causes of death the panel in-
cluded at least one cardiologist. Possible adverse clinical and biochemical effects of SHEP
treatments were evaluated by: (a) using a standardized questionnaire that asked partici-
pants about side effects at annual visits, at visits after administration of study drugs was
started or stepped up, and at visits at which complaints were thought to be caused by
SHEP medication; and (b) examining serum chemistry data from annual laboratory evalua-
tions. The behavioral assessment included a questionnaire to detect depression and demen-
tia, administered at baseline and semiannually. Based on specific questionnaire scores,
participants were referred for expert diagnostic evaluation in accordance with American
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Fig. 3 Flow chart of management of Systolic Hypertension of the Elderly Program (SHEP). (From
Ref. 21, with permission.)
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Psychiatric Association criteria. A diagnosis of dementia had to be confirmed by the End-
point and Toxicity subcommittee coding panel, including two neurologists. Depression
was diagnosed by a psychiatrist or psychologist at each clinical center on clinical grounds
and not reviewed centrally. Definitions of the primary and secondary outcome variables
follow.

2. Primary Outcome Variable

The primary outcome variable was nonfatal and fatal stroke (total stroke) as determined
by a specifically defined algorithm (21). Stroke was defined as rapid onset of a new neuro-
logical deficit attributed to obstruction or rupture in the arterial system. The defined deficit
had to persist for at least 24 hours unless death supervened and had to include specific
localizing findings confirmed at the time of neurological examination or brain scan, with
no evidence of an underlying nonvascular cause. Determination of fatal stroke was based
on either autopsy findings or death certificate plus data obtained at preterminal hospitaliza-
tion with definite diagnosis of stroke (21).

3. Secondary Outcome Variables

a. Mortality from Any Cause

All deaths were documented by death certificate or hospital death summary (21).

b. Cause-Specific Mortality

Deaths attributable to disease categories were grouped as follows: neoplastic disease; renal
disease; diabetes mellitus; gastrointestinal disease; respiratory disease; infectious disease;
accidents, suicides, and homicides; and other noncardiovascular diseases (21).

c. Sudden Cardiac Death

Death occurred within 1 hour of the first evidence of acute cardiovascular symptoms or
signs and unrelated to other known disease (21).

d. Rapid Cardiac Death

Death occurred within 24 hours of the first evidence of acute cardiovascular symptoms
or signs and unrelated to other known disease (21).

e. Angina Pectoris

A positive Rose Questionnaire was obtained at annual visit (21).

f. Nonfatal Myocardial Infarction

There is definite ECG evidence of an acute myocardial infarction, or probable ECG evi-
dence plus transient abnormal enzymes, or prolonged cardiac pain plus transient abnormal
enzymes (21).

g. Fatal Myocardial Infarction

Defined as myocardial infarctions, as described above, that resulted in death, the death
having occurred after 24 hours from the first evidence of acute cardiovascular symptoms
or signs (21)

h. Left Ventricular Failure

This was defined as dyspnea or fatigue associated with a third heart sound or increased
jugular venous pressure and basilar rates or increased markings on chest X-ray (21).
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i. Transient Ischemic Attack

This was characterized by rapid onset of a focal neurological deficit lasting less than 24
hours, assessed to be caused by ischemia without evidence for an underlying nonvascular
cause (21).

j. Coronary Artery Therapeutic Procedures

Coronary artery bypass graft or coronary angioplasty documented by submitted hospital
records (21).

k. Multi-Infarct Dementia

Characterized as having a SHORT-CARE score of 4 or greater on two consecutive visits
and neurological evaluation including CT scan and Haschinski score (36).

l. Clinical Depression

Depression suspected by a score of 26 or greater on the SHORT-CARE and 16 or greater
on the CES-depression scale, and confirmed by a clinical examination by a psychiatrist
or neurologist (37).

m. Activities of Daily Living and Social Networking

Expanded scales of physical function from basic self-care to the ability to lift heavy objects
(38), and social networking specifically assessing the strength of self-support (39) were
evaluated.

n. Deterioration of Cognition

Baseline and follow-up examinations of cognitive skills were assessed in all participants
using the Cognitive Impairment Scale of the SHORT-CARE. This standardized test evalu-
ates basic orientation to person, place, and time as well as general knowledge and short-
term memory. A subsample of the cohort was more extensively evaluated using the follow-
ing standard battery of tests: trail-making test (40, 41), digit symbol simulation test (42,
43), addition test (44), Boston naming test (45), delayed recognition span test (44), and
the letter sets test (46, 47).

o. Falls and Fractures

A history of two falls in a 3-month period, and fractures of the hip, spine, and forearm
were recorded on afflicted participants (21).

p. Multiple Indexes of Quality of Life

General issues of quality of life were assessed by the frequency of hospitalizations for any
cause, and admission to intermediate or skilled nursing home was recorded for afflicted
participants (21). In a subset of the participants, three standard quality-of-life questions
were asked regarding perceptions of his or her quality of life (48–50).

q. Adverse Effects

Agents used for intervention in this study have been previously associated with such symp-
toms as postural hypotension, depression, asthma or bronchospasm, Raynaud’s phenome-
non, and serious lethargy. Other symptoms that occurred and were temporarily related to
the institution of the study medications or to step-up in the dosage of one of the medica-
tions were recorded (21).



SHEP Trial 207

r. Renal Dysfunction

This was defined as a serum creatinine concentration greater than 265.2 µmol/L (21).

G. Description of the Blood Pressure Measurement Method

All blood pressures were taken and recorded according to a standardized method. Staff
members had to be certified every 6 months on the standardized blood pressures tech-
niques. A standardized Hawksley random-zero manometer was used for all study blood
pressure determinations. The SBP was defined as the reading of the first Korotokoff sound
and DBP as the reading at the last Korotokoff sound (21).

H. Participant Enrollment Goals and Screening

Before SHEP-PS, there had been little experience with recruitment of older persons to
clinical trials (51). The SHEP-PS attempted to identify several recruitment strategies that
were thought to facilitate the contact and screening of large numbers of older individuals.
Review of the literature provided little additional information but gave no suggestion that
older individuals would be more difficult to recruit than any other segment of the popula-
tion.

1. Goals

The initial recruitment goal was to enroll 4800 men and women with ISH between March
1985 and February of 1987 (21, 25, 53). Each of the clinical centers had an original goal
of 300 participants (except for one with a goal of 200). An overall recruitment plan was
organized by the recruitment and adherence subcommittee in collaboration with the pro-
gram office. The plan focused on strategies used in SHEP-PS and in a review of current
recruitment literature. As recruitment and enrollment proceeded, some clinical centers
encountered difficulties in enrolling their assigned numbers of participants. After review
of the project enrollment and power considerations, screening was extended through Sep-
tember 30, 1987. Randomization was completed on January 15, 1988 (52).

Major responsibility was given to a recruitment coordinator at each of the clinical
centers. That individual worked closely with the principal investigator and other staff to
develop specific local recruitment plans. Staffing configuration varied widely at the clinics,
depending on local considerations and strategies used (54).

Local recruitment plans were built around six major recruitment strategies (52). A
national public relations campaign was augmented by specific local approaches. Local
media activities included newspaper, radio, and television exposure. These media efforts
were frequently coordinated with presentations by the local clinical staff to professional
or lay groups. Before SHEP, mass mail campaigns had shown mixed results. The mass
mailing activities of SHEP have been described in detail (54). Sophisticated approaches
were developed for the handling of large numbers of personalized letters mailed to a wide
variety of mailing list sources. Timeliness of mailings and management of the responses
to distributed letters became highly developed skills. Some clinical centers were also able
to efficiently use volunteers to aid the recruitment effort at substantial cost savings (55).
Mass screening activities at a variety of locations (such as malls, hospital outpatient facili-
ties, and health fairs) and individual chart reviews of populations considered to have high
prevalence of ISH were also useful strategies (54).
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2. Screening

Although blood pressure determinations from three prerandomization visits were used to
determine eligibility in SHEP-PS, it was recognized that blood pressures from two screen-
ing visits were as efficient at screening and identifying those with ISH for the full-scale
study (56). For persons not receiving antihypertensive drugs who had a first SBP reading
greater than 150 mm Hg, two more readings were taken. When the mean of the last two
readings was between 160 and 219 mm Hg for SBP and less than 100 mm Hg for DBP,
the person was eligible for the first baseline visit (56).

Individuals receiving antihypertensive medication at initial contact who had SBPs
between 130 and 219 mm Hg and DBPs less than 85 mm Hg and who were free of major
illness were eligible for a drug withdrawal procedure. They were asked to obtain agreement
to participate in the study from their primary care physician and to sign an informed
consent form for current medication withdrawal. They were then monitored at multiple
drug evaluation visits during a 2- to 8-week period to determine blood pressure eligibility
without their usual medication (21).

The baseline phase consisted of two visits. Eligibility was determined based on
study inclusion and exclusion criteria. When the average of four seated blood pressure
measurements, two at each of two visits, was between 160 and 219 mm Hg for SBP and
less than 90 mm Hg for DBP, the participant was eligible for the trial. Persons were
excluded on the basis of history or signs of specified major cardiovascular diseases. Other
major diseases, such as cancer, alcoholic liver disease, established renal dysfunction, with
competing risk for the SHEP primary endpoint or the presence of medical management
problems, were also exclusions. Screenees also underwent a physical examination and a
12-lead ECG was done, with a 2-minute rhythm strip (21, 25).

Those remaining eligible at the second baseline visit underwent behavioral assess-
ment (including cognition, mood, and activities of daily living), signed an additional in-
formed consent form for participation in the trial, and had blood drawn (21).

I. Randomization and Stratification

At the completion of the second baseline visit, after verification of eligibility, screenees
were randomly allocated by the coordinating center to one of two treatment groups. Ran-
domization was stratified by clinical center and by antihypertensive medication status at
baseline. Restricted randomization using blocks of variable sizes was used to ensure that
the sample sizes of the two groups remained relatively equal throughout recruitment (21).

J. Variables Evaluated at Follow-Up Visits

The SHEP participants were followed up monthly until SBP reached the goal or until the
maximum level of stepped-care treatment was reached. All participants had quarterly visits
from the date of randomization, at which time they underwent measurement of blood
pressure (average of two readings), heart rate, body weight, general medical history, and a
detailed review of medication use (prescribed and over-the-counter). At semiannual visits,
standardized questionnaires were administered to screen for depression and dementia. An-
nual visits also included (a) a detailed medical history; (b) a complete physical examina-
tion; (c) selected laboratory tests; and (d) behavioral assessment. An ECG was also done
at the second, fourth, and final annual visit. Other visits were scheduled when indicated,
such as SBP above the goal, SBP or DBP above the escape criteria (see below), low serum
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potassium concentration (� 3.2 mmol/L), or as requested by the clinician or participant.
Blood pressure readings, observed at the clinical center, above a priori escape criteria,
despite maximal stepped-care therapy, were an indication for prescribing known active
drug therapy. Escape criteria included SBP greater than 240 mm Hg at a single visit, DBP
greater than 115 mm Hg at a single visit, sustained SBP greater than 220 mm Hg, or
sustained DBP greater than 90 mm Hg (21, 25).

When adverse conditions occurred that were considered drug related, the dosage of
the study medication could be reduced or therapy could be discontinued. Whenever the
dosage was reduced or therapy was discontinued, consideration was given to resuming
study drug therapy when it appeared safe, when the participant’s blood pressure was above
goal, and when the participant agreed (21, 25).

K. Sample Size

A sample size of 4800 participants was estimated for SHEP (53). This number was based
on the following assumptions:

1. The primary endpoint would be fatal plus nonfatal stroke.
2. The average follow-up was to be five years.
3. Based on the SHEP pilot study experience, 5-year total stroke rate in the placebo

group would be 7.75%.
4. The proportion of participants assigned to active medication who stop their

study medication will be 7% in year one and 3.5% in years two through five.
5. The proportion of participants assigned to placebo who are given antihyperten-

sive medication will be 9% in year one and 4.5%, 5.0%, 5.5%, and 6.0% in
each of the next four years, respectively.

6. The expected reduction in total stroke incidence for the active group compared
with the placebo group after accounting for the crossover rates decreases from
40% to 32%.

7. Based on U.S. vital statistics data, the competing risk of nonstroke death will
be 15.4% for the five years.

8. A two-tailed significance level (alpha) of 0.05 and a power of 0.90 would be
used. These assumptions and estimations yielded a sample size of 4800 hyper-
tensives, aged 60 and older (21, 25, 57).

L. Statistical Methods

The primary hypothesis was assessed with the log rank test using time to first stroke.
Cumulative event rates were calculated using life table methods. Relative risks and per-
centage differences were calculated by proportional hazard regression analyses using the
entire duration of follow-up. All analyses were by treatment assignment at randomization.
Subgroup hypotheses were tested by the proportional hazards model using the appropriate
interaction term (21, 25, 34, 57).

IV. RESULTS

A. Population Screening

Altogether 447,921 individuals aged 60 years and older were identified and contacted at
16 clinical centers; 11.6% met initial criteria, and 2.7% completed baseline visit one. Of
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Table 1 Screening and Recruitment Data (age � 60 years;
SBP � 160 mm Hg; DBP � 90 mm Hg)

Numbers Percent

Screened, all sources 447,921 100
Screened, BP eligible 52,139 11.6

No medications 19,842 4.4
1st clinic visit (CV-1) 11,919 22.9

Eligible for CV-2 7,644 64.1
2nd clinic visit (CV-2) 6,929 90.6

Eligible 4,827 69.7
Randomized 4,736 98.1

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure.

those individuals, 64% were eligible for baseline visit two; of those, 70% were eligible
for randomization; of those, 88% were randomized. Only 1% of those screened were
ultimately randomized into SHEP, whereas 2% of those screened were eligible in SHEP-
PS. The difference in enrollment proportion between the pilot and full-scale study remains
unexplained but was the major reason for delayed recruitment of the sample size in the
full-scale trial. Staff experience in clinical trials, especially for the recruitment coordinator,
was identified as a key ingredient to the success of individual clinical centers (54).

The mass mailing effort at the 14 centers that used this strategy involved sending
more than 3.4 million letters. These produced 4.3% responses to the clinical centers. Al-
though mass screening was a very low yield procedure for study enrollment, the most
effective locations for mass screening were where meals for older individuals were offered.
Senior citizen centers, social security offices, and libraries also provided comparatively
good yields for study enrollment (54).

B. Baseline Comparability of Treatment Groups

The baseline characteristics of the population have been completely described (58). Stra-
tified randomization by antihypertensive drug treatment status at initial contact and by
center produced two SHEP groups (active treatment and placebo) comparable at baseline
(Table 2). Mean age of the participants was 72 years; 57% were women, and 14% were
African-American. Included among the Caucasians were 204 Asians (5% of Caucasians),
84 Hispanics (2% of Caucasians), and 41 classified as ‘‘other’’ (1% of Caucasians). Of
all participants, 1.4% reported a history of stroke and 5% reported a history of myocardial
infarction. On physical examination, 7% had carotid bruits. About 61% had an ECG abnor-
mality. As a group, the cohort was overweight with a body mass index averaging 27.5 kg/
m (34). Fewer than 1% had cognitive impairment, and about 11% manifested symptoms of
depression based on standardized questionnaire criteria. Only 5% reported limitation in
activities of daily living. Mean SBP was 170.3 mm Hg; mean DBP was 76.6 mm Hg
(34).

C. Outcomes Intervention Groups

1. Visit and Medication Adherence by Treatment Group

Of the 2365 participants randomized to active treatment, 98.6% continued attendance at
clinic visits throughout, 90% were on active treatment at four years and ascertainment of
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Table 2 Baseline Characteristics of Randomized SHEP Participants by Treatment Group*

Characteristic Active Placebo Total

No. randomized 2365 2371 4736
Age, y-average† 71.6 (6.7) 71.5 (6.7) 71.6 (6.7)

60–69 41.1 41.8 41.5
70–79 44.9 44.7 44.8
�80 14.0 13.4 13.7

Race-sex %‡
African-American men 4.9 4.3 4.6
African-American women 8.9 9.7 9.3
Caucasian men 38.8 38.4 38.6
Caucasian women 47.4 47.7 47.5

Education, y† 11.7 (3.5) 11.7 (3.4) 11.7 (3.5)
Blood pressure, mm Hg†

Systolic 170.5 (9.5) 170.1 (9.2) 170.3 (9.4)
Diastolic 76.7 (9.6) 76.4 (9.8) 76.6 (9.7)

Antihypertensive medication at initial contact, % 33.0 33.5 33.3
Smoking, %

Current smokers 12.6 12.9 12.7
Past smokers 36.6 37.6 37.1
Never smokers 50.8 49.6 50.2

Alcohol use, %
Never 21.5 21.7 21.6
Formerly 9.6 10.4 10.0
Occasionally 55.2 53.9 54.5
Daily or near daily 13.7 14.0 13.8

History of myocardial infarction, % 4.9 4.9 4.9
History of stroke, % 1.5 1.3 1.4
History of diabetes, % 10.0 10.2 10.1
Carotid bruits, % 6.4 7.9 7.1
Pulse rate, beats/min†§ 70.3 (10.5) 71.3 (10.5) 70.8 (10.5)
Body-mass index, kg/m2† 27.5 (4.9) 27.5 (5.1) 27.5 (5.0)
Serum cholesterol, mmol/L

Total 6.1 (1.2) 6.1 (1.1) 6.1 (1.1)
High-density lipoprotein 1.4 (0.3) 1.4 (0.4) 1.4 (0.4)

Depressive symptoms, %� 11.1 11.0 11.1
Evidence of cognitive impairment, %¶ 0.3 0.5 0.4
No limitation of activities of daily living, %§ 95.4 93.8 94.6
Baseline electrocardiographic abnormalities, %# 61.3 60.7 61.0

* SHEP indicates the Systolic Hypertension in the Elderly Program.
† Values are mean (SD).
‡ Included among the Caucasians were 204 Asians (5% of Caucasians), 84 Hispanics (2% of Caucasians), and
41 classified as ‘‘other’’ (1% of Caucasians).
§ P � .05 for the active treatment group compared with the placebo group.
� Depressive symptom scale score of 7 or greater.
¶ Cognitive impairment scale score of 4 or greater.
# One or more of the following Minnesota codes: 1.1 to 1.2 (Q/QS), 3.1 to 3.4 (high R waves), 4.1 to 4.4 (ST
depression), 5.1 to 5.4 (T wave changes), 6.1 to 6.8 (AV conduction defects), 7.1 to 7.8 (ventricular conduction
defects), 8.1 to 8.6 (arrhythmias), and 9.1 to 9.3 and 9.5 (miscellaneous items).
Source: From Ref. 34, with permission.
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primary outcome was possible in all but five participants at trial completion. For those
2371 participants randomized to placebo, 98% continued clinic attendance throughout,
58.8% remained untreated at four years, and stroke status was not determined in only five
participants at completion of the trial (34).

2. Blood Pressure Response of the Intervention Groups

Treatment effect on blood pressures for the two groups is described in Table 3. A differen-
tial of �14 mm Hg in SBP was observed at one year of follow-up for those on active
treatment, was at �11.5 mm Hg at four years (which occurred for all surviving partici-
pants), and was still at �11.1 mm Hg for those who achieved five years of follow-up.
The differential in DBP was �3.9 mm Hg at one year for those on active treatment and
�3.4 at five years (34).

3. Fatal and Nonfatal Stroke

With a mean follow-up on all participants of 4.5 years, incident fatal and nonfatal stroke
was diagnosed in 103 participants in the active treatment group and 159 participants in
the placebo group (Table 4). The separation of the two treatment groups is plotted in a
Kaplan-Meier plot (Fig. 4) and shows clear separation as early as about six months after
the initiation of treatment. By life table analyses, 5-year cumulative stroke rates were 5.2
per 100 participants for the active treatment group and 8.2 per 100 participants for the
placebo group. The cumulative rates for the total period of follow-up (70 months) were
5.5 per 100 participants for the active treatment group and 9.2 per 100 participants for
the placebo group. Based on proportional hazards regression analysis, relative risk was
0.64 (95% confidence interval [CI], 0.50–0.82; 2p � 0.0003). This reduction in risk was
observed regardless of the active treatment regimen (61). The absolute reduction in 5-
year risk of stroke incidence rates was 30 events per 1000 participants. There were few
stroke deaths—10 in the active treatment group and 14 in the placebo group (34).

Table 3 Mean Systolic and Diastolic Blood Pressures by Treatment
Group and Year of Follow-Up

Blood Pressure, Difference
Year Active mm Hg* placebo (active–placebo)

Systolic Blood Pressure
Baseline 170.5 (9.5) 170.1 (9.2) �0.4
1 142.5 (15.7) 156.5 (17.3) �14.0
2 141.8 (17.1) 154.4 (18.7) �12.6
3 142.4 (17.2) 155.0 (20.0) �12.6
4 143.1 (18.0) 154.6 (19.8) �11.5
5 144.0 (19.3) 155.1 (20.9) �11.1

Diastolic blood pressure
Baseline 76.7 (9.6) 76.4 (9.8) �0.3
1 69.5 (9.9) 73.4 (12.1) �3.9
2 68.2 (10.9) 72.3 (12.0) �4.1
3 68.0 (10.6) 72.1 (12.3) �4.1
4 67.2 (11.6) 71.2 (12.6) �4.0
5 67.7 (10.2) 71.1 (12.8) �3.4

* Values are mean (SD).
Source: From Ref. 34, with permission.
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Table 4 Total (Nonfatal Plus Fatal) Stroke Rates by Treatment
Group and Year of Follow-Up*

No. Cumulative stroke
Starting No. of unavailable for rate (SE), per 100

Year no. events† follow-up participants

Active Treatment Group
1 2365 28 0 1.2 (0.2)
2 2316 22 0 2.1 (0.3)
3 2264 21 0 3.0 (0.4)
4 2153 18 0 4.0 (0.4)
5 1438 13 5 5.2 (0.5)
6‡ 613 1 0 5.5 (0.6)

Placebo Group
1 2371 34 0 1.4 (0.2)
2 2308 42 0 3.2 (0.4)
3 2229 22 2 4.2 (0.4)
4 2131 34 2 6.0 (0.5)
5 1393 24 1 8.2 (0.7)
6 584 3 0 9.2 (0.9)

* For the active treatment group compared with the placebo group, χ2(1 df) �

12.90, P � .0003; relative risk, 0.64 (95% confidence interval, 0.50 to 0.82).
† There were 103 total events (96 nonfatal and 10 fatal) in the active treatment
group and 159 (149 nonfatal and 14 fatal) in the placebo group. Three participants
in the active treatment group and four participants in the placebo group had both
a nonfatal and a fatal stroke. Only the first event (nonfatal) was counted in the
total number of events and in calculation of the cumulative stroke rate.
‡ The last stroke occurred during the 67th month of follow-up.
Source: From Ref. 34, with permission.

Fig. 4 Cumulative fatal plus nonfatal stroke rate per 100 participants in the active treatment (solid
line) and placebo (broken line) groups during the Systolic Hypertension in the Elderly Program.
(From Ref. 34, with permission.)
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4. Impact of Age, Race, and Sex

Stroke incidence was lower in those randomized to active treatment than in those random-
ized to placebo for all baseline age groups: 60 to 69 years, 34 versus 47 events; 70 to 79
years, 48 versus 74 events; and 80 years and older, 21 versus 38 events. A favorable effect
of active treatment was also noted for three of the four major race-sex groups: Caucasian
men, 39 versus 64 events; Caucasian women, 48 versus 66 events; and African-American
women, 7 versus 21 events. The apparent lack of any trend for the small number of Afri-
can-American men was based on few events (nine vs eight events) (2).

5. Impact of Baseline Blood Pressure on Primary Outcome Response

With proportional hazards regression using SBP as a continuous variable, trend in stroke
incidence for the active treatment compared with the placebo group prevailed irrespective
of baseline SBP (34).

6. First Ischemic Cerebrovascular Event

Total first cerebrovascular ischemic events were reduced by 33% (158 vs 231, 95%
CI 0.55–0.83).

7. Coronary Heart Disease

The incidence of confirmed fatal and nonfatal coronary events was reduced by 27% in
the active treatment group (104 vs 141; 95% CI, 0.57–0.94) (Table 5). Silent myocardial
infarction occurred in 66 participants (31 active treatment vs 35 placebo) (data not shown).
These events added to the fatal and nonfatal coronary heart disease events gives 135 versus
176 total clinical coronary events (RR � 0.77, 95% CI, 0.62–0.96). All coronary heart
disease events (including coronary artery bypass surgery and angioplasty)—nonfatal plus
fatal—numbered 140 for the active treatment group and 184 for the placebo. By propor-
tional hazards regression analysis, there were 25% fewer total coronary events in the
active treatment group, with the 5-year absolute benefit estimated at 16 events per 1000
participants (34).

Using time-dependent life table regression with adjustment for several variables,
the relative risks for CHD events for those using chlorthalidone plus either atenolol (1.04;
95% CI 0.58–1.87) or reserpine (0.93; 95% CI 0.29–2.96) versus those using chlorthali-
done alone were similar. The strong suggestion from these analyses is that the beneficial
effects seen in SHEP on the CHD outcome measure were the result of the lowering of
blood pressure rather than a specific benefit attributable to a specific agent (59).

8. Mortality from All Causes and Cause-Specific Mortality

The number of deaths during the 70 months of follow-up was lower in the active treatment
group than in the placebo group for mortality from all causes (213 vs 242 deaths), total
cardiovascular causes (90 vs 112 deaths), and total coronary causes (59 vs 73 deaths)
(range of relative risks, 0.80–0.87) (Table 5). The difference observed in total deaths from
CHD was largely the result of the difference in the number of fatal myocardial infarctions.
As in the analysis for stroke and CHD, the relative risk for death was similar regardless
of the active treatment intervention regimen (55). The number of deaths from neoplastic
disease, second only to cardiovascular disease as a main cause of mortality for SHEP
participants, was similar (77 vs 77) for the active treatment and placebo groups. Nearly
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Table 5 Morbidity and Mortality by Cause and Treatment Group

Active
treatment Placebo Relative risk

group group (95% confidence
No. of events (n � 2365) (n � 2371) interval)*

Stroke 96 149 0.63 (0.49–0.82)
Transient ischemic attack 62 82 0.75 (0.54–1.04)
Myocardial infarction† 50 74 0.67 (0.47–0.96)
Coronary artery bypass graft 30 47 0.63 (0.40–1.00)
Angioplasty 19 22 0.86 (0.47–1.59)
Left ventricular failure 48 102 0.46 (0.33–0.65)
Renal dysfunction 7 11 —
Fatal Events
Total deaths 213 242 0.87 (0.73–1.05)

Total cardiovascular 90 112 0.83 (0.60–1.05)
Stroke 10 14 0.71 (0.31–1.59)
Total coronary heart disease 59 73 0.80 (0.57–1.13)

Sudden death (� 1 h) 23 23 1.00 (0.56–1.78)
Rapid death (1–24 h) 21 24 0.87 (0.48–1.56)
Myocardial infarction 15 26 0.57 (0.30–1.08)

Other cardiovascular 21 25 0.87 (0.49–1.55)
Left ventricular failure 9 8 —
Other 12 17 0.71 (0.35–1.46)

Total noncardiovascular 109 103 1.05 (0.80–1.38)
Neoplastic disease 77 77 0.96 (0.70–1.31)
Renal disease 2 2 —
Diabetes mellitus 0 1 —
Gastrointestinal disease 2 3 —
Respiratory disease 5 4 —
Infectious disease 11 8 —
Accident, suicide, homicide 5 5 —
Other noncardiovascular 7 3 —

Indeterminate cause‡ 14 27 —
Combined Endpoints
Nonfatal myocardial infarction or coronary 104 141 0.73 (0.57–0.94)

heart disease death
Fatal or nonfatal stroke, nonfatal myocar- 199 289 0.67 (0.56–0.80)

dial infarction, or coronary heart
disease death

Coronary heart disease§ 140 184 0.75 (0.60–0.94)
Cardiovascular disease� 289 414 0.68 (0.58–0.79)

* Relative risk assessments were done for all types of events except those with fewer than 20 events and indeter-
minate cause of death.
† Nonfatal myocardial infarction does not include silent myocardial infarction.
‡ Results of death certificate coding for indeterminate causes according to the ninth revision of the International
Classification of Diseases, Adapted, were as follows: stroke, two in the active treatment group and three in the
placebo group; myocardial infarction, one in the placebo group; left ventricular failure, one in the placebo group;
other cardiovascular disease, seven in the active treatment group and 10 in the placebo group; neoplasm, one
in the active treatment group; respiratory disease, one in the placebo group; renal disease, one in the active
treatment group; infectious disease, three in the placebo group; other noncardiovascular disease, one in the active
treatment group and five in the placebo group; and unknown or no death certificate, one in the active treatment
group and four in the placebo group.
§ Coronary heart disease includes definite nonfatal or fatal myocardial infarction, sudden cardiac death, rapid
cardiac death, coronary artery bypass graft, and angioplasty.
� Cardiovascular disease includes definite nonfatal or fatal myocardial infarction, sudden cardiac death, rapid
cardiac death, coronary artery bypass graft, angioplasty, nonfatal or fatal stroke, transient ischemic attack, aneu-
rysm, and endarterectomy.
Source: From Ref. 34, with permission.
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twice as many (14 vs 27) deaths from indeterminate cause occurred in the placebo group,
a finding that remains unexplained (34).

9. Quality of Life

Findings from the extensive quality-of-life evaluation in SHEP have been described in
detail (60). The SHEP cohort overall exhibited a decline over time in activities of daily
living, particularly the more strenuous ones, and some decline in certain leisure activities.
Although there was a slightly positive effect on several measures favoring treatment, the
overwhelming finding was that mood, cognitive function, basic self-care, and moderate
leisure activity were remarkably stable for both the active and placebo groups throughout
the entire study (60).

During the trial, 14% of participants in the active treatment group and 15% in the
placebo group met study questionnaire referral criteria for expert evaluation of possible
depression. For more than 75% of these people referral was completed; the main reason
for failure to achieve referral was participant refusal. Of participants in the two groups,
104 (4.4%) randomized to the active treatment group and 112 (4.7%) randomized to pla-
cebo had a confirmed diagnosis of depression (34).

Hospitalizations for any reason were recorded for 1027 active treatment group par-
ticipants (1976 admissions) and 1086 placebo group participants (2204 admissions).
Skilled or intermediate care nursing home admissions were recorded for 52 participants
(58 admissions) in the active treatment group and 58 placebo group participants (65 admis-
sions) (34).

10. Dementia

About 4% of persons in the active treatment and placebo groups met questionnaire referral
criteria for expert evaluation of possible dementia. For more than 90% of these individuals,
referral to a psychiatrist or neurologist was completed; the main reason for failure to
achieve referral was participant refusal. Thirty-seven participants (1.6%) receiving active
treatment and 44 (1.9%) receiving placebo had a diagnosis of dementia made and con-
firmed by the coding panel (34).

11. A Priori Subgroup Hypotheses

a. Antihypertensive Drug Status at Initial Contact

One of the two SHEP subgroup hypotheses was related to the effects of active treatment
on participants receiving and not receiving antihypertensive medication at initial contact.
Randomization was stratified by whether participants were receiving antihypertensive
medication at initial contact. For the subgroup not receiving antihypertensive medication
at initial contact, relative risk of stroke for active treatment compared with placebo was
0.69 (95% CI, 0.51–0.95). For participants receiving antihypertensive treatment at initial
contact, relative risk for stroke was 0.57 (95% CI, 0.38–0.85) (34).

b. Impact of Baseline ECG Abnormalities and Risk of Sudden or Rapid Death
or Nonfatal Myocardial Infarction and Coronary Death

The second SHEP a priori subgroup hypothesis dealt with the relationship between the
incidence of nonfatal myocardial infarction and coronary death, and the incidence of sud-
den and rapid death to treatment assignment and the presence or absence of ECG abnor-
malities at baseline. For the subgroup of participants free of baseline ECG abnormalities,
the relative risk of nonfatal myocardial infarction plus coronary death for active treatment
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compared with placebo was 0.83 (95% CI, 0.53–1.29). There were few events for the
endpoint of sudden and rapid death: 15 in the active treatment group and 10 in the placebo
group. For participants with baseline ECG abnormalities, the relative risk of nonfatal myo-
cardial infarction plus coronary death was 0.69 (95% CI, 0.50–0.94). For the endpoint of
sudden and rapid death, there were 29 events in the active treatment group and 36 in the
placebo group. The data support that benefit for these coronary endpoints is associated
with active treatment for those with or without ECG abnormalities at baseline (34).

12. Stroke Type and Severity

Types of strokes and their severity have been described in detail (61). Table 6 shows that
strokes of all subtypes were reduced by the SHEP therapeutic regimen except the ischemic
atherosclerotic subtype and those that could not be identified (at minimum) as of either
ischemic or hemorrhagic etiology. Further, if a person is being treated with antihyperten-
sive therapy but has a stroke, the size and resulting disability (as measured by days of
reduced activity or by the number of days in bed) appears to be reduced (data not shown)
(61).

13. Incidence of Congestive Heart Failure

New episodes of congestive heart failure occurred in 55 participants in the active treatment
group and 105 participants in the placebo group (RR � 0.51; 95% CI 0.37–0.71) (34)
(Table 7). The estimate of treatment benefit suggests that the number of persons who
would need to be treated to prevent one episode of heart failure is 48. Older participants,
men, and those with higher SBP at baseline or a history of ECG evidence of myocardial
infarction at baseline had a yet higher risk of developing congestive heart failure. Among

Table 6 Incidence of First Stroke by Type and Subtype and Treatment Group

Differences between active
treatment and placebo

participants

95%Number of participants
Confidence

Active Placebo Risk ratio interval

Total SHEP participants 2365 2371
All first strokes 103 159 0.63 0.49 to 0.81

Ischemic strokes 85 132 0.63 0.48 to 0.82
Lacunar 23 43 0.53 0.32 to 0.88
Embolic 9 16 0.56 0.25 to 1.27
Atherosclerotic 13 13 0.99 0.46 to 2.15
Other/unknown 40 60 0.64 0.43 to 0.96

Hemorrhagic strokes 9 19 0.46 0.21 to 1.02
Subarachnoid 1 4 0.25 0.03 to 2.26
Intraparenchymal 8 15 0.52 0.22 to 1.22

Unknown type strokes 9 8 1.05 0.40 to 2.73

Note: Risk ratios indicate likelihood of a first stroke occurring in an active treatment participant, using the
placebo participant as a reference (equal to 1.00). Values are adjusted for age, race, sex, years of education,
baseline body mass index, systolic and diastolic blood pressure, history of diabetes, smoking, and the prerandom-
ization use of antihypertensive agents.
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Table 7 Uncorrected Relative Risk of Developing Heart Failure and Corrected Relative Risks for Baseline Variables in SHEP Participants with and
Without History of ECG Evidence of Myocardial Infarction at Baseline

Uncorrected Corrected

No history or
History or ECG ECG evidence
evidence of MI of MI

(n � 492) (n � 4185)
Active drug

Placebo, therapy, Relative risk Relative risk Relative risk
no. (%) no. (%) (95% confidence (95% confidence (95% confidence

HF Events (n � 2371) (n � 2365) interval) P Value interval) interval)

Nonfatal HF 102 (4.3) 48 (2.0) 0.46 (0.33–0.65) �.001 0.15 (0.05–0.47) 0.56 (0.38–0.82)
Nonfatal hospitalized HF 75 (3.2) 38 (1.6) 0.50 (0.34–0.74) �.001 0.21 (0.07–0.70) 0.60 (0.39–0.94)
Fatal and nonfatal HF 105 (4.4) 55 (2.3) 0.51 (0.37–0.71) �.001 0.19 (0.06–0.53) 0.61 (0.42–0.88)
Fatal and hospitalized nonfatal HF 79 (3.3) 45 (1.9) 0.57 (0.34–0.81) .002 0.24 (0.08–0.72) 0.67 (0.44–1.02)
Cardiac mortality and nonfatal hospitalized HF 162 (6.8) 113 (4.8) 0.69 (0.54–0.87) .002 0.41 (0.20–0.82) 0.68 (0.51–0.91)
Cardiovascular mortality and nonfatal hospitalized HF 174 (7.3) 123 (5.2) 0.70 (0.55–0.88) .002 0.38 (0.19–0.76) 0.70 (0.53–0.91)

Note: Cardiac mortality includes sudden death, rapid death, myocardial infarction, HF, and other cardiovascular disease mortality.
Cardiovascular mortality includes cardiac mortality and fatal stroke.
Relative risk controlled for treatment assignment group, age, sex, race, body mass index, current smoking, history of diabetes, cholesterol, education (� high school vs not),
presence of carotid bruits, systolic blood pressure, diastolic blood pressure � 1 drink/wk of alcohol, and uric acid.
Abbreviations: MI, myocardial infarction; ECG, electrocardiogram; HF, heart failure.
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Fig. 5 Occurrence of fatal and hospitalized nonfatal heart failure in the active therapy and placebo
groups of the Systolic Hypertension in the Elderly Program among participants who had a history
or electrocardiographic evidence of myocardial infarction (MI) at baseline and among those who
did not have a history, or electrocardiographic evidence, of MI at baseline. Line A indicates placebo
group (patients with a history of MI at baseline); line B, active therapy group (patients with a history
of MI at baseline); line C, placebo group (patients with no history of MI at baseline); line 4, active
therapy group (patients with no history of MI at baseline). (From Ref. 30, with permission.)

those with a history of, or ECG evidence of, a prior myocardial infarction, the relative
risk � 0.19 (95% Cl, 0.06–0.53) was even more substantial (30) (Fig. 5).

V. IMPLICATIONS OF SHEP

An extensive discussion of the implications of SHEP results has been previously published
(61). A brief summary follows.

A. Treatment of Isolated Systolic Hypertension

Older people with ISH as defined by the SHEP trial should be identified and treated. The
high prevalence of CVD, particularly, stroke and CHD, in older individuals suggests that,
using the data from SHEP in 1999 (NHLBI Fact Book) annual prevention of 67,500
strokes, 59,700 CHD, and 120,000 major cardiovascular events would occur. Because of
the crossover (33% of those assigned to placebo) to active medication that occurred, the
estimates of treatment benefit from the SHEP data are likely an underestimate of the true
benefit. Further, the generalizability of the SHEP findings of risk reduction is underscored
by consistency of the data across three age strata, four race-sex strata, three baseline blood
pressure strata, three baseline serum cholesterol strata, in patients both on and off antihy-
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pertensive medication at initial contact and in those with and without baseline ECG abnor-
malities.

B. Is There a High-Risk Subgroup Among the Elderly with ISH
for Whom This Treatment Should Be Target?

The data strongly suggested that there was not a high-risk subgroup and that the findings
were applicable to those who fit the inclusion-exclusion criteria used for identification of
the SHEP cohort.

C. Are the SHEP Findings Extrapolatable to Other Strata
of the Population with ISH?

The presence of comorbid conditions such as previous myocardial infarction, previous
stroke, presence of diabetes mellitus, or ECG abnormalities does not appear to preclude
the potential benefits of treatment, although some of these conditions will make treatment
more difficult. Application of the treatment used in SHEP to those with stage 1 ISH (�140
but �160 mm Hg) seems reasonable because of the associated risk of that condition, but
proof of benefit for this group is lacking. Similarly, those who are younger have not had
a direct test of the question, but an inference of benefit seems reasonable.

D. Was a J-Shaped Curve for Coronary Mortality Observed
in the SHEP Trial?

Evidence for a J-shaped curve for coronary mortality suggesting higher mortality for those
at the lowest DBP levels was lacking in SHEP. In fact a reduction of 27% in coronary
mortality occurred in the SHEP active treatment group despite a reduction from a mean
baseline DBP blood pressure of 77 to 68 mm Hg. Also there was no J-shaped curve related
to the SBP. Similar findings were evident for risk of stroke and mortality from all causes.

E. How Far Should SBP Be Lowered?

Systolic blood pressure is an even more powerful predictor than DBP of cardiovascular
events, stroke, CHD, and mortality from all causes. Benefits of lowering the SBP to at
least 140 mm Hg are clear from the SHEP data. Further, the strong suggestion is that
even though an increased DBP may be lowered below 90 mm Hg as a result of treatment,
the persistence of an elevated SBP warrants further treatment. Although benefit can be
suggested to occur from attained SBPs lower than 140 mm Hg, this remains unproven.

F. Is ISH Unique from a Pharmacotherapeutic Perspective?

There is nothing to suggest from either the pathophysiology of ISH or the response to
various drug treatments obtained from previous pharmacological trials that the treatment
of ISH is unique. Although the results of SHEP were obtained with low-dose chlorthali-
done as the step 1 and principal agent, the results of this trial should not be interpreted
as limiting the choice of agents for the treatment of ISH.

G. Is the SHEP Regimen the Preferred Approach to Treating ISH?

The striking 36% risk reduction in stroke and the 27% overall risk reduction in CHD
incidence in SHEP, the absence of any overall adverse effect on mortality, and only minor
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effects on biochemical variables or clinical signs and symptoms, and the demonstrated
benefit of therapy in people with baseline ECG abnormalities all challenge the validity
of previous concerns expressed regarding the risk/benefit of diuretic treatment. Further,
the reduction of events type 2 diabetic participants and the magnitude of the reduction of
events in those with CHF further support the intervention used in SHEP. Whatever the
reasons for the prior uncertainty about the mix of benefit and risk, the positive experience
in SHEP underscores the efficacy of low-dose diuretics as antihypertensive therapy.

H. Are the Results Attributable to a Protective Effect of Atenolol?

Analyses strongly suggest that the benefits for reduced risk of stroke and CHD are related
to the reduction of blood pressure and are not attributable to any agent (38). Specifically,
the effects observed in risk reduction were not enhanced by the use of either atenolol or
reserpine.

I. What About the Newer Classes of Antihypertensive Agents?

The SHEP study was not designed to answer questions about the newer antihypertensive
agents. At the time of its publication, there was no direct evidence for the efficacy of
other agents in the treatment of either ISH or increases in SBP. See further comment
below.

J. Do the SHEP Results Have Any Implications for Preferred Drug
Treatment Regimens for DBP Hypertension?

Although SHEP gave no direct evidence about this issue, other trials, particularly Syst-
Eur (63) and STOP-Hypertension-2 (64) have been subsequently published. Their findings
provided important evidence regarding the choice of agents in those with diastolic hyper-
tension or in those with mixed SBP and DBP increases. Documentation that the low-dose
diuretic regimen used in SHEP is inexpensive is without question.

VI. CONCLUSIONS

The SHEP was landmark trial (65). Its implications and influence continue to permeate
the medical and public health communities. It was the first trial to establish that the treat-
ment of ISH, specifically in people older than age 60, reduced the incidence of total stroke
and the traditional endpoint of all CHD (nonfatal MI and CHD death) (34). These reduc-
tions were clearly present for both men and women, for all ages included in the trial, and
for all blood pressure levels included in the trial, regardless of whether one had been
previously treated for hypertension or had abnormalities in a baseline ECG. The trial
design and population recruited were extensively described (21, 25, 52, 57, 66–71) before
the final results were published.

Nearly 50 papers have now been published from the SHEP database. The following
is a brief summary of the published SHEP papers not discussed elsewhere in this manu-
script. They are described as four clusters: the effect of the trial intervention, description
of baseline variables, natural history studies using either part or all of the SHEP cohort,
and studies describing various aspects of clinical trial methodology.

Subsequent reports to the final results paper have described the effect of the trial
intervention on: trial outcomes in type 2 diabetic patients (29), trial outcomes as they
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relate to achieved DBP (adjusted for baseline risk factors) (72), trial outcomes in partici-
pants with mild renal dysfunction (73), trial outcomes in those with demonstrated periph-
eral atherosclerosis, stroke subtypes, and disability (61) an array of outcomes related to
congestive heart failure (27), echocardiographically determined left ventricular mass (74),
Holter-derived left ventricular ectopic activity (75, 76) progression of carotid stenosis
determined by ultrasonography (77), a broad panel of quality-of-life measures (60), vari-
ous biochemical variables (lipids, glucose, creatinine, uric acid, and potassium) (78), and
levels of serum bone-related biochemical variables in elderly African-Americans (79).

Prevalence of baseline variables for the SHEP cohort were described including:
prevalence of postural hypotension (80), reduced ankle-arm blood pressure index (81, 82),
increased levels of Lp(a) and its relationship to lower extremity arterial disease (83), ca-
rotid stenosis (84, 85), and positive Osler’s maneuver among screenees (86). Reports were
also published regarding Doppler-echocardiographically determined cardiac structure and
function (87), systemic vascular hemodynamics (88), and baseline levels of serum bone-
related biochemical variables in elderly African-Americans (89).

Reports dealing with the natural history of disease processes in the SHEP cohort
include: prognostic significance of asymptomatic (baseline) carotid bruits on stroke (90),
prognostic significance of various baseline variables (including traditional CHD risk fac-
tors) on development of stroke (28), CHD (32, 33) and lower extremity arterial disease
(low AAI) (91), the relationship of decreased ankle-arm blood pressure index and morbid-
ity and mortality (92), the increased frequency of all cardiovascular events for those with
demonstrated carotid stenosis or lower extremity arterial disease (93), the relationship of
increased pulse pressure and the occurrence of stroke and mortality of all causes (94),
clinical depression as associated with an increased risk of stroke, CHD, and death from
all causes (95), and demographically based frequency of use of cardiovascular interven-
tions (96).

Generic clinical trials methods have been described in the following areas: compara-
bility of blood pressure measurements (ambulatory and random zero) (97), importance of
and logistical approaches to mass mailing (33), importance of experienced clinical trials
staff in trials conduct (33), contribution of lay volunteers to trial conduct (55), assessment
of trial participant satisfaction (98), assessment of treatment effect using a single integra-
tive outcome measure (99), shaping of screening rules using inclusion criteria (34), and
clinical trials monitoring (28).

The major criticism of the trial has been that it gave no guidance for the use of the
newer antihypertensive agents. Results of trials looking at the effects of newer agents
have subsequently been reported and are described elsewhere in this volume.

Accomplishments attributable to a single trial are frequently difficult to assign, but
the major ones related to SHEP outcomes appear to be that the treatment of ISH for the
reduction of total stroke and a variety of other CVD endpoints was firmly established.
The SHEP study was also the first demonstration that treatment of hypertension could
result in a reduction in CHD. The SHEP findings clearly changed the guidelines for the
treatment of hypertension as demonstrated by the changes that occurred in the Joint Na-
tional Committee (JNC) III–VI (100–103). Many of the current recommendations, not
only for the treatment of ISH but for the more generic approach to the treatment of hyper-
tension with the low-dose diuretic stepped-care approach, are at least in part tied to the
observations first made in SHEP.

Questions left with incomplete answers are always present when trials are finished.
The optimal control of blood pressure is still incompletely understood. The controversy
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that arose from the analysis of the HDFP data regarding whether there was an increase
in CHD mortality with DBP reduced to lower levels (below 85) remains unresolved. No
such controversy was raised regarding the reduction of elevated SBP. The SHEP partici-
pants had a mean DBP level of 77 mm Hg at randomization. Those in the active treatment
group had a mean DBP level of 68 mm Hg at trial’s end. Yet the first reduction in the
traditional CHD endpoint was observed in the total SHEP cohort. Although evidence sup-
porting a J-shaped curve in the SHEP cohort was lacking at the analysis for the final
results paper, subsequent analyses have suggested that caution about the aggressiveness
of treatment be taken in those individuals who are older than age 80 and for whom DBP
goes below 60 mm Hg during active intervention. Many remained unconvinced regarding
the presence or absence of a J-shaped curve for CHD outcomes and the degree of DBP
lowering by the available data. Subsequently, the Hypertension Optimal Treatment (HOT)
trial was performed to directly test the question (104). Results from that trial have not
convincingly answered the question of optimal lowering of DBP.

It has been nearly a decade since the SHEP trial first reported its results. The multiple
subsequent papers expanding on the original report giving further details on the benefits
of treating ISH and describing various aspects of clinical trials methodology have been
described above. The conclusions and implications have been reinforced and expanded
by other antihypertensive trials.

VII. TAKE-HOME MESSAGE FOR THE PRIMARY CARE PROVIDER

The primary care provider should actively identify those individuals with ISH. The SHEP
study data clearly demonstrate that ISH should be treated in older patients, and probably
middle-aged individuals as well. The target blood pressure is at least lower that 150 mm
Hg and perhaps as low as 140 mm Hg. Diabetes mellitus, other comorbid conditions and
the presence of ECG abnormalities are not contraindications to therapy. Significant num-
bers of strokes, CHD, and all major cardiovascular events, including CHF, will be pre-
vented. For those who are treated and still have strokes, the post-stroke residua appear to
be less severe than for those not treated. All data from this study strongly support the SHEP
treatment approach as safe, well tolerated, not associated with any increase in mortality,
depression, dementia, or reduction in quality of life, and a low order of clinical- or labora-
tory-defined adverse events. The principal therapeutic agent used in this trial of stepped-
care approach to ISH was low-dose chlorthalidone, although the suggestion is that blood
pressure lowering rather than the choice of therapeutic agent is the crucial issue associated
with risk reduction. In summary, the treatment of ISH is effective, simple, safe, and inex-
pensive.

APPENDIX

Several of the SHEP researchers and key advisors are no longer living. Shirley Arch
(1919–1987), Nemat O. Borhani (1926–1996), Fred I. Gilbert (1920–1995), Lot B. Page
(1923–1990), Rose Stamler (1922–1998), and Philip Weiler (1940–1991).

The research on which this publication is based was supported by HHS contracts;
NO-HC-48052-48058 and NO-HC-48060-48069 from the National Heart, Lung, and
Blood Institute and the National Institute on Aging.

The Systolic Hypertension in the Elderly Program Data and Safety Monitoring
Board members who monitored the SHEP and advised the National Heart, Lung, and



224 Probstfield et al.

Blood Institute and National Institute on Aging regarding its progress include the follow-
ing: James Hunt, MD, Chairman, University of Tennessee, Memphis; C.E. Davis, PhD,
University of North Carolina, Chapel Hill; Raymond W. Gifford, MD, Cleveland (Ohio)
Clinic Foundation; Millicent W. Higgins, MD, National Heart, Lung, and Blood Institute;
Adrian M. Ostfeld, MD, Yale University School of Medicine, New Haven, CT; John W.
Rowe, MD, Mt. Sinai Medical Center, New York, NY; K Warner Schaie, MD, Pennsylva-
nia State University, State College PA; Herman A. Tyroler, MD, University of North
Carolina, Chapel Hill, Jack P. Whisnant, MD Mayo Clinic, Rochester, MN; Joseph A.
Wilber, MD, Atlanta, GA.

The SHEP Steering Committee members and the principal investigators in the trial
include the following:
Chairman: Kenneth G. Berge, MD (Mayo Clinic, Rochester MN)
Clinical Centers: Bronx: M. Donald Blaufox, MD; Atlanta: W. Dallas Hall, MD; Port-
land, OR: Thomas M. Vogt, MD, MPH; San Francisco: William McFate Smith, MD,
MPH; Miami: Fred Walburn, PhD; Chicago: David Berkson, MD; Honolulu: Helen Pe-
trovitch, MD; Piscataway: John B. Kostis, MD; Birmingham: Richard M. Allman, MD;
Davis: Nemat O. Borhani, MD, MPH; Lexington: Gordon P. Guthrie, Jr, MD; Minneapolis:
Richard H. Grimm, MD, PhD; Pittsburgh: Lewis H. Kuller, MD, DrPH; Memphis: Wil-
liam B. Applegate, MD, MPH; New Haven: Henry R. Black, MD.
Coordinating Center (University of Texas School of Public Health), Houston: C. Mor-
ton Hawkins, ScD; Barry R. Davis, MD, PhD.
National Heart, Lung, and Blood Institute, Bethesda: Jeffrey L. Probstfield, MD
National Institute on Aging, Bethesda: Evan Hadley, MD

The 16 clinical centers of the cooperative group, eight coordination and service
centers, their institutions, coinvestigators and senior staff were as follows: Bronx: Albert
Einstein College of Medicine; William H. Frishman, MD; Gail Miller, RN; Maureen Mag-
nani, RN; Sylvia Smoller, PhD; Zirel Sweezy; Atlanta: Emory University; Sandy Biggio,
RN, BSN; Margaret Chiappini, RN, BSN; Cori Hamilton; Margaret Huber, RN, BSN;
Gail McCray; Deanne J. Unger, RNC, BSN; Gary L. Wollam, MD; Portland, OR: Kaiser
Permanente; Merwyn R. Greenlick, PhD; Stephanie Hertert; Patty Karlen, RN; Marlene
McKenzie, RN, MN; Marcia Nielsen, RN, MN; Kathy Reavis, RN; San Francisco: Medi-
cal Research Institute; Leonard Syme, PhD, Philip Frost, MD, Geri Bailey, RN, Ann Slaby,
Jacqueline Smith, RN; Miami: Miami Heart Institute; Maria Canosa-Terris, MD; Garcia
Garrison, RN; Melissa Jones; Jeff Raines, PhD; Naldi Ritch; Avril Sampson, MD; Elisa
Serantes, MD; Susan Surette; Chicago: Northwestern University; Flora Gosch, MD; Jo-
seph Harrington; Patricia Hershinow, RN; Josephine Jones; Angeline Merlo; Jeremiah
Stamler, MD; Honolulu: Pacific Health Research Institute; Sandra Akina, RN; J. David
Curb, MD, MPH; Fred I. Gilbert, MD; Mary Hoffmeier, RN; Lei Honda-Sigall, RN; Pisca-
taway: Robert Wood Johnson Medical School; Nora Cosgrove, RN; Susan Krieger, RN;
Clifton R. Lacy, MD; Birmingham: Ralph E. Allen, PA-C; Donna M. Berden, MD; Lisa
Carlisle; Vanessa P. Cottingham; Laura Farley, RN; Julia Hall; Glenn H. Hughes, PhD;
Phillip Johnson; Linda Jones, CRNP; Laverne Parr; Pat Pierce; Harold W. Schnaper, MD;
Davis: University of California; Patty Borhani; Alfredo Burlando, MD; Frances LaBaw,
RN; Marshall Lee, MD; Sheila Lame; Susan Pace, RN; Lexington: University of Ken-
tucky; Jenny Brown; Jimmie Brumagen, RN; Ellen Christian, PA-C; Lynn Hanna, PA-
C; Arlene Johnson, PhD; Jane Kotchen, MD; Theodore Kotchen, MD; William Markes-
bery, MD; Rita Schrodt, RN; John C. Wright, MD; Minneapolis: University of Minnesota;
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Julie Levin; Mary Perron, RN; Alice Stafford; Pittsburgh: University of Pittsburgh; Shirley
Arch (deceased); Gale Rutan, MD; Betsy Gahagan, RN; Jerry Noviello, PhD; Memphis:
University of Tennessee; Laretha Goodwin, RN, MBA; Stephen T. Miller, MD; Amelia
Rose, RN; Alice Wallace, RN; St. Louis: Washington University; Great H. Camel, MD;
Sharon Carmody; Jerome Cohen, MD; Judith Jensen, RN; Elizabeth Perry; New Haven:
Yale University; Diane Christianson, RN; Janice A. Davey, MSN; Charles K. Francis,
MD; Linda Loesche; Houston: University of Texas; William S. Fields, MD; Darwin R.
Labarthe, MD, PhD; Lemuel A. Moye, MD, PhD; Sara Pressel, MS; Richard B. Shekelle,
PhD; Teterboro, NJ: Central Chemical Laboratory MetPath Laboratories; S. Raymond
Gambino, MD; Arlene Gilligan; Joseph E. O’Brien, MD; Nicholas Scalfratto; Elana Som-
mers; Minneapolis: Electrocardiographic Laboratory Center, University of Minnesota;
Richard Crow, MD; Margaret Bodellan; Ronald Prineas, MBBS, PhD; Baltimore: Com-
puted Tomogram Reading, University of Maryland; L. Anne Hayman, MD; C. V. G.
Krishna Rao, MD; Perry Point, MD: Drug Distribution Center, US Public Health Service;
Richard Moss; Washington, DC: Health Care Financing Administration; William Meras-
hoff; Bethesda: National Heart, Lung, and Blood Institute; Eleanor Schron, MSN, RN;
Jeffrey A. Cutler, MD, MPH; Curt Furberg, MD, PhD; Edward Lakatos, PhD; Janet Wittes,
PhD; C. Eugene Harris; Linda Gardner; Thomas P. Blaszkowski, PhD; Clarissa Wittenb-
erg, MSW; Bethesda: National Institute on Aging, David Curb, MD, MPH; Jack Guralnik,
MD, PhD; Lot Page, MD (deceased); Teresa Radebaugh, ScD; Stanley Slater, MD; Rich-
ard Suzman, PhD.
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I. BACKGROUND

During the last 2 decades, interest in treating diseases of older people has increased. The
risk of cardiovascular diseases, especially stroke, rises steeply with advancing age, but
most of the earlier randomized, controlled trials of antihypertensive therapy excluded pa-
tients older than ages 60 to 65 at entry. The reasons for doing so were never well articu-
lated. However, it was probably believed that both the medical and economic benefits
were limited, coupled with concern that adverse effects might be more prominent in the
elderly.

Several factors changed medical attitudes. The publication of a number of random-
ized, controlled trials of antihypertensive therapy in patients younger than age 65 demon-
strated a reduction in stroke approaching 50%, whereas the adverse effects of the treat-
ments used in these trials were modest. Increasing life expectancy and recognition of the
medical and economic burden of nonfatal stroke began to focus attention on the possibility
of prevention.

The successful Medical Research Council (MRC) trial of treatment in mild hyperten-
sion in patients ages 35 to 64 set the stage for a similar study in older patients (1). The
trial in the elderly used a number of assets from the earlier trial, especially the national
network of collaborating general (family) practices. The working party that supervised
the trial had a substantial common membership, and the trial was again coordinated by
the MRC Epidemiology and Medical Care Unit at Northwick Park Hospital, Harrow (2).
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The design of the elderly trial was heavily influenced by the earlier mild hyperten-
sion trial. Men and women ages 65 to 74 years were recruited by screening the age and
sex registers of the collaborating family practices. The same two classes of drugs—a beta-
adrenergic blocker and a diuretic—were used, although the chemical entities were differ-
ent and the relative doses were lower. The use of 10 mg of bendrofluazide daily in the
MRC mild hypertension trial had caused appreciable reduction of the serum potassium
level, and evidence suggested that the dose-response curve to diuretics was relatively flat.
For this reason, a combination of amiloride and hydrochlorothiazide (Moduret-25) was
used for the diuretic arm. In the earlier trial, practolol was (fortunately) rejected in favor
of propranolol because of limited experience of practolol’s use. In the elderly trial, atenolol
was chosen because a beta-1 selective drug was thought to cause fewer side effects, and
there was already substantial experience of its use.

II. PATIENTS AND METHODS

Calculations suggested that the trial would require 5000 men and women ages 65 to 74
to be followed up for 5 years to detect a 30% reduction in the rate of fatal and nonfatal
stroke between the active and placebo groups at a 2% level of significance with a power
of 90%. As in the mild hypertension trial, the numbers were calculated on the basis of
the active group as a whole rather than the individual therapeutic regimens. In retrospect,
as both trials suggested that there might be differences in outcome between the two active
treatments unrelated to their effect on blood pressure, it is a pity that the trial was not
increased in size to give sufficient power for the comparison between active drugs. Cost,
however, was an important consideration.

A. Patient Selection

Recruitment took place over 5 years starting in March 1982 (Table 1).
The population was identified from the age-sex registers of 226 group practices

participating in the MRC General Practice Research Framework throughout England,
Scotland, and Wales: 184,653 invitations for screening were sent and 125,861 people
(68%) attended. Three sitting blood pressure measurements were recorded by a specially

Table 1 Screening and Recruitment

Invited for screening
184,653
Attended for screening
125,861
Systolic BP 160–209 mm Hg
Diastolic BP � 115 mm Hg
20,389
Remained within trial limits after three run-in visits
8,832
After physician BP check referred for entry examination
4,961
Entered trial
4,396

Abbreviation: BP, blood pressure.
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trained trial nurse using a Hawksley random zero sphygmomanometer, on which the zero
offset can only be read after the blood pressure has been recorded. The mean of the second
and third systolic readings was calculated. The person entered the run-in stage of the trial
if the systolic pressure lay between 160 and 209 mm Hg and the diastolic pressure was
less than 115 mm Hg. 20,389 individuals (10% of those attending screening) fulfilled
these criteria. If the systolic pressure was less than 160 mm Hg the person was reassured
and if the diastolic was greater than 115 mm Hg the person was referred to his or her
general practitioner for consideration of treatment.

Looking back 17 years after the trial was designed, these pressure criteria appear
high. However, there was concern that the lability of systolic pressure in the elderly related
to the decreased elasticity of the aorta might mean that a narrower band of entry pressure
would leave a high proportion of the patients below the trial limits by the end of the run-
in period.

B. Run-In Period and Criteria for Entry into Main Trial

1. Screening

A relatively complex blood pressure rescreening procedure was used before entry to the
trial proper. Patients attended for three run-in visits 1, 4, and 8 weeks after screening. At
each visit, the sitting blood pressure was measured three times by the nurse, using the
same method as for the screening visit, and the mean of the second and third readings
was calculated as before. If the overall mean of the three mean run-in blood pressures
still lay within the trial limit, the subjects (n � 8832) attended to have their blood pressures
measured by a doctor.

2. Trial Entry

If the doctor confirmed that the pressures remained within the trial limits, an appointment
was made for a trial entry physical examination and a further reading of blood pressure.
In retrospect, it would probably have been better to rely entirely on the nurse’s readings
because the ‘‘white coat effect’’ of the medical examination gave an entry pressure that
was higher than the usual level in these individuals. Subjects with a mean systolic pressure
of 210 mm Hg or more, recorded over two visits, were ineligible for the trial and further
management was left to their general practitioners, 4961 of those screened, who remained
within the trial limits, were referred for the entry examination.

At this examination, the patient completed a questionnaire concerning cardiovascu-
lar and other symptoms, smoking, and previous treatment for hypertension, gout, asthma,
or diabetes. Urine was tested for glucose and protein; blood was taken for measuring total
serum cholesterol, urea, creatinine, electrolyte, and glucose concentrations, and a 12-lead
electrocardiogram was recorded.

Several exclusion criteria were required largely because of known adverse effects
of one or another of the main active treatment regimens (Table 2).

After the inclusion and exclusion criteria had been applied, 4396 patients (3.5% of
those screened) gave informed consent and entered the trial. Some commentators have
expressed concern that this degree of selection may have impaired the feasibility of extrap-
olating the results to the general population. Undoubtedly, one effect of multiple exclusion
criteria is to select a population that is, in other respects, of above-average health and less
likely to suffer morbid events. This is a problem common to almost all large randomized
controlled trials.
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Table 2 Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

• Men and women aged 67–74 years, selected • Known or suspected secondary hypertension
from age/sex registers in family practice • Already taking antihypertensive drug(s)

• Systolic BP—160–209 mm Hg • Heart failure
• Diastolic BP � 115 mm Hg • Myocardial infarction or stroke within the
• Maintained through three run-in visits taken preceding 3 months

by a specially trained nurse and a check by • Current treatment for angina pectoris
a physician • Impaired renal function

• Diabetes mellitus
• Serum potassium of �3.4 mmol/L or

�5.0 mmol/L
• Asthma
• Cancer
• Other serious intercurrent disease

Abbreviation: BP, blood pressure.

C. Treatment Regimens and Dose Titration

A small dose-ranging study was carried out with two strengths of the diuretic regimen,
5 mg of amiloride and 50 mg of hydrochlorothiazide or 2.5 mg of amiloride and 25 mg
of hydrochlorothiazide, combined in a single commercial tablet once daily (Moduretic or
Moduret-25). The effects of the two doses were indistinguishable and all patients on active
diuretic therapy were transferred to the lower dose in 1985.

Patients were randomized to one of four treatment regimens as described in Table 3.
Each patient was assigned a target systolic blood pressure (150 or 160 mm Hg),

depending on the mean systolic pressure after the run-in period (mean � 180 mm Hg,
target � 150 mm Hg; mean � 180 mm Hg, target � 160 mm Hg). There was no goal
diastolic pressure. Drug regimens for those on active treatment were modified by the
coordinating center if blood pressure had not responded after 12 weeks or if target pressure
had not been achieved after 6 months. The change needed most often was an increase in

Table 3 Trial Treatment Regimens

Initial treatment 1. Amiloride 2.5 mg with hydrochlorothiazide
25 mg in a single tablet

2. Matching placebo
3. Atenolol 50 mg daily
4. Matching placebo

At 12 weeks, if no initial response or above Step 1 Increase atenolol to 100 mg daily
target systolic BP (150 mm Hg or 1600 mm Step 2 Amiloride 2.5 mg with
Hg) at 6 months hydrochlorothiazide 25 mg in a single

tablet, plus atenolol 50 mg daily
Step 3 Add nifedipine (standard formulation)

up to 20 mg daily (10 mg bd)
Step 4 Rarely, if these measures were

insufficient other drugs could be added

Abbreviation: BP, blood pressure; bd, twice a day.
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atenolol to 100 mg daily, in 225 patients. When further reduction in blood pressure was
necessary, the other active trial drug was used to supplement the drug allocated by random-
ization. After this, the calcium channel blocker, nifedipine, was used in doses of up to
20 mg daily. Other supplementary drugs were also allowed.

D. Trial Design

The trial was randomized, placebo controlled, and single blind. Randomization was in
stratified blocks of eight within each sex and clinic. Patients did not know which treatment
group they were in, but the doctors and nurses did. The single-blind design may have
had some effect on withdrawals because of side effects, but the Hawksley random zero
sphygmomanometer was used to minimize bias in taking pressure readings.

E. Long-Term Follow-Up

Patients who entered the trial were followed up fortnightly for 4 weeks, then monthly up
to 3 months, and every 3 months until the end of the trial. At each visit, blood pressure
was measured twice in the sitting position by a specially trained nurse. If the mean blood
pressure at any visit during the main trial reached or exceeded 115 mm Hg diastolic or
210 mm Hg systolic, the patient was recalled 2 weeks later. If either of these pressures
were sustained on active trial treatment, the general practitioner managed further treatment
outside the trial protocol. Patients whose blood pressure equaled or exceeded the upper
limits on any three nonconsecutive occasions were similarly managed.

F. End Points

1. Terminating Events

Each terminating event was evaluated by an assessor who was blind to the treatment
regimen. All available documentation was reviewed, including copies of general prac-
titioners’ notes, hospital inpatient or outpatient notes, electrocardiographic recordings,
necropsy findings, and death certificates. Strokes and coronary events were classified using
World Health Organization criteria. Data on terminating events were analyzed every 5000
patient years and were reviewed by an independent monitoring and ethics committee.
Table 4 lists the trial-terminating events.

2. Death from Any Cause

All the patients in the trial were ‘‘flagged’’ at the NHS central register to ensure notifica-
tion of death if they died in the United Kingdom, which was likely to be the case in this

Table 4 Trial Terminating Events

• Death from any cause
• Stroke (fatal or nonfatal)
• Coronary event (fatal or nonfatal MI; sudden,

presumed cardiac, death;
dissection of aorta).

Abbreviation: MI, myocardial infarction.
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age group. Patients who died after defaulting from treatment continued to be reported in
this way (and reporting of deaths continued after the formal trial ended).

3. Stroke

A fatal or a nonfatal stroke was a trial-terminating event.

4. Coronary Event

This included both fatal and nonfatal myocardial infarction, sudden death presumed to
have a coronary cause, deaths resulting from hypertension, or to rupture or dissection of
an aortic aneurysm.

If a patient had a nonfatal event followed by a fatal event in the same category,
only the fatal event was included in the analyses (19 strokes and 22 coronary events). If
a person had two events in different categories (13 patients)—for example, a nonfatal
stroke then a coronary event (fatal or nonfatal)—both were included.

G. Statistical Management

The initial analysis was on an intention-to-treat basis according to the primary randomiza-
tion. Both placebo groups were combined for analytical purposes and, for the main analy-
sis, so were the two active regimens.

The relation of several baseline characteristics and treatment with primary event
outcomes were further investigated by logistic regression.

H. Cognitive Assessment

There was some concern that reduction of blood pressure, or drug side effects, might have
an adverse effect on cognitive function and, conversely, there was a possibility that reduc-
tion of blood pressure might lessen the risk of vascular dementia. For this reason a substan-
tial, representative fraction of the patients (n � 2584) in the trial was invited to take
part in a longitudinal assessment of cognitive function. The patients completed the Paired
Association Learning Test (PALT) and the Trial-Making Test (TMT) five times over the
duration of the trial. The PALT measures the ability to learn a pair of matched words and
recall one when prompted by the other. It tests associative memory. The TMT measures
the speed with which the subject can join up with a pencil a sequence of letters and
numbers scattered over a piece of paper.

The trial nurses questioned patients every 3 months and asked them to list all the
medication they were taking, and these data were used to assess whether other commonly
used medications such as nonsteroidal anti-inflammatory drugs (NSAIDs) or medicines
taken for indigestion might influence the rate of change of cognitive function. In the trial,
1545 of the patients were surveyed for dementia, and a substudy was made of the cases
ascertained to investigate factors that might influence progression into dementia.

III. RESULTS

The original objective was to accumulate 25,000 patient years of observation by recruiting
5000 patients and following up with them for 5 years. As only 4396 patients were recruited,
the trial was allowed to continue to an average follow-up time of 5.8 years, thus achieving
25,355 patient years of observation.

The treatment groups were well matched by the randomization with the mean age
ranging from 70.2 to 70.4 years and the body mass index from 26.1 to 26.8 kg/m2. The
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men had very similar blood pressures in each of the groups—183/91–92 mm Hg. The
average systolic blood pressures of the women were slightly higher but well matched
across the groups, ranging from 186/90–91 mm Hg. Among the men, 21% to 24% were
smokers, but among the women the figures were lower at 13% to 15%.

A. Course of Blood Pressure

The doctors’ entry records of systolic and diastolic blood pressure measurements were
higher by 10/3 mm Hg than the nurses’ run-in values. After entry, the systolic and diastolic
pressures fell immediately in all groups, probably partly because of the loss of the ‘‘white
coat effect’’ (Fig. 1). The largest fall in systolic pressure was in the diuretic group in the
first 3 months. More patients randomized to receive β-blocker required supplementary

Fig. 1 Mean systolic and diastolic blood pressure in patients treated with placebo, beta adrenergic
blockade, or diuretic. Note the rise in pressure due to the ‘‘white coat effect’’ at the time of the
physician’s examination; run-in values were taken by nurses.
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drugs than those randomized to diuretic (52% β-blocker vs 38% diuretic at 5 years). This
partly explains why the differences in blood pressure between diuretic and β-blocker
groups became smaller as the trial progressed.

B. Withdrawals from Randomized Treatment

The main reasons for withdrawal of patients from randomized treatment were adverse
reactions to treatment or poor blood pressure control. One hundred sixty patients were
withdrawn from the diuretic group because of major side effects and one for inadequate
control while in the β-blocker group, 333 were withdrawn because of side effects, and
12 for inadequate control. In the placebo group, 82 were withdrawn because of side effects
and 175 because of inadequate control. The side effects that were severe enough to warrant
withdrawal largely reflected the known pharmacological properties of the primary treat-
ment regimens (Table 5).

Over the 51/2 years, 25% of the patients were lost to follow-up. Loss from follow-
up occurred progressively throughout the trial, so that the loss in patient years of treatment
was about half this figure. If a tagged patient died, this was reported by the NHS central
register to the trial coordinating center but no further information about nonfatal events
was available in those who defaulted. The cumulative percentages of people who stopped
taking their randomized treatment, including both those withdrawn but continuing on fol-
low-up and those lost to follow-up, were 48% of the diuretic group, 63% of the β-blocker
group, and 53% of the placebo group. The difference between the two active regimens
largely reflects the greater incidence of side effects with the beta-blocker. By the end of
the trial, there were about 6300 patient-years in each of the four randomly allocated treat-
ment groups. In the diuretic group, treatment accounted for 69% of the patient-years,
including supplementation by the β-blocker for 11% of the time. Corresponding percent-
ages for those allocated to the β-blocker were 55% and supplementation with diuretic for
16%. In the placebo groups, 69% of the patient-years were spent on placebo treatment,
with 6% of the time on either of the active treatments. Some critics of the trial appear to
have confused withdrawal from randomized treatment (with continued follow-up) with

Table 5 Withdrawals from Randomized Treatment Because
of Side Effects in Rates per 1000 Patient-Years

Diuretic Beta-blocker Placebo

Glucose intolerance 6.9* 5.8* 2.7
Gout 4.4* 0.0 0.1
Muscle cramps 5.2* 1.0 0.1
Nausea 7.4* 4.1 1.1
Dyspnea 0.8 22.9* 1.1
Raynaud’s 0.6 11.3* 0.3
Headache 2.5 7.2* 1.1
Dizziness 7.4* 10.6* 1.2
Lethargy 4.1 19.1* 2.0
Inadequate BP n �1 n � 12 n � 175

control (number)

Abbreviation: BP, blood pressure.
* Significant difference from placebo.
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the much smaller proportion who were lost to follow-up (about 13% of total patient years).
Even in the latter case, deaths were notified by the OPCS.

C. Terminating Events

1. Stroke

The total number of fatal and nonfatal strokes was significantly reduced in patients ran-
domized to active treatment (101 active vs 134 placebo, P � 0.04) with a reduction in
rates of 25% (95% confidence interval, 3% to 42%). The reduction in fatal strokes was
confined to the diuretic group (2.5 per 1000 patient-years diuretic, 3.3 per 1000 patient-
years for both beta-blocker and placebo groups). Nonfatal strokes were reduced in both
active treatment groups, but the reduction was greater in the diuretic-treated patients (4.7
per 1000 patient-years on diuretic, 5.6 per 1000 patient-years on beta-blocker and 7.4 on
placebo) (Fig. 2 and Table 6).

2. Coronary Events

Coronary events were less common in patients randomized to active treatment (128 events)
than in those receiving placebo (159, P � 0.08), with a reduction in rates of 19% (�2%
to 36%) (Fig. 2). The reduction in coronary events was confined to the bendrofluazide-
treated group. The rates for fatal and nonfatal coronary events combined were 12.7 per

fatal

fatal

Fig. 2 Incidence of fatal, nonfatal, and strokes by treatment regimen. The treatment effect was
most marked in the diuretic treated patients.
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Table 6 Principal Results

Active
Event treatment Placebo P value

Stroke 101 134 0.04
Coronary 128 159 0.08
All CV events 258 309 0.03
All deaths 301 315 ns

Abbreviation: CV, cardiovascular.

1000 patient-years in the placebo group, 12.8 per 1000 patient-years in the placebo group
but only 7.7 per 1000 patient-years in the bendrofluazide group (Fig. 3 and Table 6).

3. All Cardiovascular Events

The total number of cardiovascular events was significantly reduced on active treatment
(258 vs 309 placebo, P � 0.03) with a 17% (2% to 29%) reduction in rates. Of these
events, 235 (41%) were strokes and 287 (51%) were coronary episodes (Table 6).

4. Mortality

All-cause mortality was similar in the treated and placebo groups (23.9 [treated] vs 24.7
[placebo] per 1000 patient-years) (Fig. 3). Deaths from cardiovascular causes were slightly
fewer in the active treatment group than the placebo group (161 vs 180 placebo), but both

fatal

fatal

Fig. 3 Incidence of fatal, nonfatal, and total coronary events by treatment regimen.
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groups had similar numbers of deaths from noncardiovascular causes (140 vs 135) and
from cancer (108 vs 99). The difference between the total number of deaths in the diuretic
and β-blocker-treated patients approached statistical significance (P � 0.07), with a 19%
reduction in mortality in the diuretic group (Fig. 4 and Table 6).

5. Cancer Mortality

There was a difference between the sexes in deaths from cancer; 74 men receiving active
treatment and 47 receiving placebo died of cancer compared with 34 women receiving
active treatment and 52 receiving placebo (interaction test between treatment and sex
(P � 0.002). Twenty-one of these patients had a history of cancer at entry to the trial
(four receiving diuretic; six β-blocker and 11 placebo. Omitting these patients did not
substantially alter the statistical significance of the interaction test. The excess mortality
from cancer in men was more pronounced in the β-blocker group than the diuretic group,
which gave rise to some concern in the trial steering committee. Review of the site and
type of tumor showed no organ or system clustering, except for cancer of the lung/bron-
chus, which affected 14 men randomized to β-blocker compared with eight in the diuretic
group and 11 in the placebo group.

6. Sex Differences

Besides the sex difference in cancer mortality already noted, the main differences between
the sexes was in coronary events, which were reduced by 30% in men but unaltered in
women. The reduction in stroke was similar in both sexes (Table 7).

Fig. 4 Cardiovascular, noncardiovascular, and total mortality by treatment regimen.
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Table 7 Percentage Reduction in Events, by Sex

Men Women

Stroke �21.3% �27.0%
Coronary events �30.0% �0.0%
All CV events �21.1% �9.2%
CV deaths �20.8% �10.5%
Non-CV deaths �48.0% �34.4%
Cancer deaths �60.4% �34.8%
All deaths �4.0% �12.8%

Abbreviation: CV, cardiovascular.

7. Tobacco Smoking

The majority of the patients in the trial were nonsmokers. There were 5405 patient-years
of smokers and 20,038 of nonsmokers. The stroke rate was similar in smokers and non-
smokers, 10.9 and 10.7 per 1000 patient-years respectively. However, the reduction in
stroke was confined to nonsmokers, with the greatest effect in diuretic-treated patients
(�46.7%) compared with beta-blocker-treated patients (�26.1%).

The coronary event rate was nearly twice as high in smokers as nonsmokers (21.9
vs 11.47 per 1000 patient-years). The reduction in coronary events was virtually confined
to the diuretic-treated group and was similar in smokers and nonsmokers: 42% and 37.7%,
respectively. The total death rate was substantially higher in smokers compared with non-
smokers, 36.2 versus 21.6 per 1000 patient-years.

8. Per-Protocol (On-Treatment) Analysis

As it is likely that some specific pharmacological effects of treatment are only manifest
while the patient is taking the designated drug, a secondary analysis was made of deaths
in those patients who were still taking the drug to which they were randomized. The results
were similar to the intention-to-treat analysis. The cardiovascular death rate was 6.5 per
100 patient-years on the diuretic, 11.5 per 1000 patient-years on the beta-blocker and 9.9
per 100 patient-years on placebo. These rates are lower than the corresponding intention-
to-treat rates (10.5, 15.0 and 12.8, respectively), but populations that continue with as-
signed treatment differ in important respects from those that do not.

9. Cardiovascular Risk Factors

In the original trial publication, logistic regression analysis was used to relate status at
entry to subsequent trial events. The risk of stroke was related to entry diastolic blood
pressure, sex, age, and ischemic changes on the electrocardiogram, but this result may
have been influenced by the effect of treatment. The risk of a major coronary event was
predicted by male sex, cholesterol concentration, ischemic electrocardiographic changes,
and smoking. Only the diuretic group showed a significant reduction in risk when the
groups were adjusted for entry risk factors.

The factors predicting total deaths were sex, age, smoking, and ischemic changes on
electrocardiography. An inverse association with total cholesterol did not reach statistical
significance. The reduction in total mortality in the diuretic group also failed to achieve
significance after allowing for baseline characteristics.
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10. Cognitive Assessment

Of the patients in the trial, 2584 were invited to take part in a longitudinal assessment of
cognitive function. The patients completed the PALT and the TMT five times over the
duration of the trial. The TMT scores may have been influenced by learning effects, as
there was an average 9 second improvement in the test result over the 54 months of the
trial, whereas the PALT declined by an average of one point over the same period (3).

The factors identified as being associated with PALT decline were advancing age,
male sex, residence in a rural area, depression, and low intelligence. Women appeared to
be more adversely affected by smoking and advancing age than men (4).

11. Dementia

Of the patients in the trial, 1545 were surveyed for dementia and 50 cases were identified
of which 31 were probably suffering from Alzheimer’s disease. They were compared with
223 matched controls from the same general practice populations. A family history of
dementia was strongly predictive for dementia as a whole (odds ratio 4.36) and for Alzhei-
mer’s disease (odds ratio 4.69). Among individuals with a negative family history, cardio-
vascular risk factors such as ischemic changes on the electrocardiogram, systolic hyperten-
sion, and cigarette smoking, approached but did not achieve statistical significance as
predictors of the onset of dementia. The authors suggested that there might be a form of
nonfamilial vascular dementia that was distinct from multi-infarct dementia (5).

12. Treatment and Dementia

There was no clear evidence in the trial that treatment of hypertension slowed the onset
of dementia, but the number of nonfamilial cases was small. The trial data were also
examined to investigate whether other drugs might affect progression to dementia based
on the 3-monthly questioning about other medication made by the trial nurses. These data
were used to test the hypothesis that use of nonsteroidal anti-inflammatory drugs might
influence the rate of cognitive decline, as has been proposed in studies of elderly people
(6, 7). The frequency of NSAID use was divided into three strata: (a) not used, (b) used
on 25% of assessments, (c) used on more than 25% of assessments. Sixty-one percent
never used NSAIDs, 19% took them but on less than 25% of assessments, and 20% on
more than 25%. At least three data points were available in 88% of patients.

Having adjusted for other factors, the use of NSAIDs was significantly associated
with change in PALT score with time, in favor of the NSAID users. The protective effect
diminished with increasing age and was lost by the age of 74 years. There was no change
in TMT score related to NSAID use. Anti-indigestion drugs were also examined but they
had no effect on either PALT or TMT.

It is unclear whether the NSAID effect resulted from prevention of microthrombi
or emboli in the cerebral circulation or whether it is caused by an anti-inflammatory effect
in the central nervous system.

IV. DISCUSSION

The three main target organs of hypertension are the brain, the heart, and the kidney. Mild
to moderate hypertension does not usually lead to serious impairment of renal function,
unless there is underlying chronic renal disease, and this discussion will concentrate on
the effects of treatment on the brain and heart.
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A. Brain Function

1. Stroke

The MRC elderly trial contained few surprises in relation to stroke. Actively treated pa-
tients had a 25% reduction in stroke (P � 0.04) and the trial size calculations had been
based on a 30% reduction. Although the percentage reduction in stroke in the elderly trial
was materially less than in the earlier MRC trial in younger patients (45%), the number
of strokes saved per 1000 patient-years was higher because of the much higher stroke
rates in the elderly patients (14.1 and 8.5 per 1000 patient-years in men and women respec-
tively vs 2.6 per 1000 patient-years in the two sexes combined in the mild trial). Thus in
the mild trial, one stroke was saved per 833 patient-years of treatment, whereas in the
elderly it was one per 370 patient-years. In the Systolic Hypertension in the Elderly Pro-
gram (SHEP), the 5-year incidence of stroke was 5.2 per 100 participants for active treat-
ment versus 8.2 per 100 for placebo (relative risk 0.64, P � .0003).

It is possible that these results understate the true benefit because patients whose
blood pressure consistently exceeded 115 mm Hg diastolic or 210 mm Hg systolic were
managed outside the trial protocol. As a result, 6% of the placebo patient-years were spent
on one or another of the active treatments and only 69% of the placebo patient-years were
spent on placebo. Millar and Lever (8, 9) attempted to calculate the effect of the transfer
to active treatment of the patients randomized to placebo in the MRC mild hypertension
trial in which 12% were withdrawn because the diastolic pressure exceeded 109 mm Hg.
They plotted a regression curve of screening systolic pressure against stroke rate and used
this to predict the risk for those who were withdrawn. The authors also used the blood
pressure at 3 months into the trial to adjust for the ‘‘white coat’’ effect of the entry medical
examination on the blood pressure. Using both assumptions, they postulated that the num-
ber of patient-years of treatment required to prevent one stroke in a truly hypertensive
patient might be substantially less than that reported in the trial (as low as 240 patient-
years). However, so many factors are exceptional in a well-run randomized controlled
trial (screening out high-risk patients, meticulous supervision, motivated patients, etc.)
compared with the ebb and flow of normal clinical practice that such adjustments must
be treated with considerable caution.

Another issue raised by both MRC trials was whether there was a real difference
between the two active regimens. In each case, the diuretic patients fared better than those
randomized to beta-adrenergic blockade, although the specific drugs used were different.

These data suggest that the diuretic may have a 2.57- to 1.94-fold advantage over the
beta-blocker which, if true, would be of considerable clinical significance. Blood pressure

Table 8 Stroke Rate Per 1000 Patient-Years in the
MRC Hypertension Trials

Diuretic Beta-blocker Placebo

‘‘Mild’’ 0.8 1.9 2.6
‘‘Elderly’’ 7.3 9.0 10.8

Stroke Rate as Percentage of Placebo Rate

‘‘Mild’’ 30.8 73.1 100.0
‘‘Elderly’’ 67.6 83.3 100.0
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control was slightly less with the beta-blocker than with the diuretic, but this could not
explain a difference of this magnitude. Moreover, other studies, with different beta-block-
ers, did not replicate this finding.

The International Prospective Primary Prevention Study in Hypertension (IPPPSH)
compared a beta-blocker-containing (oxprenolol) with a non-beta-blocker-containing anti-
hypertensive regimen in 6357 hypertensive men and women with moderate to severe hy-
pertension (10). There was no significant difference in outcome in the two groups (11,
12). The Heart Attack Primary Prevention in Hypertension (HAPPHY) study compared
patients treated with beta-blockers, mainly metoprolol and atenolol, with diuretics and
showed no significant difference between them (13). The HAPPHY study was terminated,
but the Metoprolol and Atenolol Prevention in Hypertension (MAPHY) study, which was
mainly the metoprolol subgroup of HAPPHY, continued for a longer period (14). The
risk for coronary events was significantly lower in patients on metoprolol than in patients
on diuretics, 14.3 versus 18.8 cases/1,000 patient-years with a relative risk of 0.76 (95%
confidence interval 0.58–0.98). This study created some unease because of its slightly
checkered history, although it conformed more to expectations in relation to beta-blockade
and coronary heart disease. There seem to be three possible explanations for the different
results in the studies that compared diuretics and beta-blockers: (a) the difference observed
between beta-blockers and diuretics in both MRC studies was pure chance, (b) the differ-
ence was real but metoprolol is different from propranolol or atenolol, and (c) the MAPHY
result was also chance. The HAPPHY result is consistent with there being a difference
between metoprolol and atenolol. Although it is best to be extremely cautious about such
interpretations the possibility of additional pharmacological properties of beta-adrenergic
blocking drugs contributing to the effect should not be dismissed. However, it appears
inherently more probable that the effects of blood pressure reduction on hypertensive
vascular disease would be related more to the magnitude of pressure reduction than to
ancillary properties of the drug.

2. Dementia

Although it has received less attention, the effects of high blood pressure and antihyperten-
sive therapy on the rate of decline of cognitive function in the elderly could be of consider-
able importance. On general principles, it might be anticipated that there would be a causal
relationship between hypertension and multi-infarct dementia and that reduction of blood
pressure might prevent the onset of dementia in some patients. A counter-argument is that
hypertensive patients with cerebrovascular disease might have reached the limit of vascu-
lar autoregulation in some territories, and reduction of perfusion pressure might impair
cognitive function. It would be possible for both hypotheses to be true in different circum-
stances.

The evidence is inconclusive (15). In one case-control study in African Americans,
raised systolic blood pressure was negatively correlated with dementia (16), although ad-
vanced age, low educational attainment, history of myocardial infarction, and recent ciga-
rette smoking were positively correlated. In the MRC elderly trial, systematic cognitive
function testing in a large subset of the patients did not reveal any evidence of deterioration
in the TMT, and the fall in the PALT score was small (4, 17). Decline in the PALT was
associated with advanced age, male sex, rural residence, depression, and low intelligence
(4). Some of the test results (TMT) improved, but this was probably more the result of
learning to do them better than to treatment. In the Syst-Eur trial, evidence was obtained
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that dementia might be prevented by antihypertensive therapy, but the numbers involved
were small (18). There is more substantial evidence that multiple emboli from atrial fibril-
lation are associated with cognitive decline (19).

B. Cardiac Function

1. Coronary Disease and Myocardial Infarction

The second major finding of the MRC elderly trial was a 19% reduction in coronary
events (p � 0.08). This finding has been replicated in a number of other studies in older
hypertensive patients. The SHEP trial included patients with systolic hypertension (160
to 219 mm Hg) aged 60 years and older who were randomized to either step care (first step
with chlorthalidone and second with atenolol) or to placebo. For the secondary endpoint of
clinical nonfatal myocardial infarction plus coronary death, the relative risk was 0.73 (20).
The European Working Party on High Blood Pressure in the Elderly compared a diuretic-
based regimen with placebo in 840 elderly hypertensive patients. Cardiovascular mortality
was reduced in the actively treated group (�38%, P � 0.023), because of a reduction of
cardiac deaths (�47%, P � 0.048), but the reduction of cerebrovascular mortality (�43%,
P � 0.15) was not significant (21). The Syst-Eur trial, a study of 4695 elderly patients
with systolic hypertension, which used nitrendipine as first-line therapy with enalapril as
the second step, also showed a reduction in both stroke and cardiac events (23). The HOT
study suggest that low dose aspirin should also be part of the regime in elderly hyperten-
sives unless there is a specific contraindication and it is interesting to note the additional
favorable effect of NSAIDs upon cognitive function in the MRC trial.

There has been controversy about the effects of different types of pharmacological
action upon the incidence of coronary disease in treated hypertensives. It was anticipated
that beta-adrenergic blockade would have a more favorable effect than diuretic-based regi-
mens because of the proven efficacy of beta-blockade after myocardial infarction. A trend
in that direction, which did not reach significance, was seen in the MRC mild hypertension
trial but none was seen in the elderly trial in which the benefit was entirely in the diuretic-
treated group (Table 9).

A controversy has raged about the safety of calcium ‘‘L’’ channel antagonists in
patients with ischemic heart disease (22). The Syst-Eur trial, whose main active treatment
was the dihydropyridine calcium channel blocker, nitrendipine showed a beneficial effect
upon stroke (�44%) and a reduction in all cardiac endpoints (26%) compared with placebo
(23). The HOT study, which compared two active therapy regimens based on the dihydro-
pyridine, felodipine, showed a very low incidence of morbid events (24). The balance of
evidence does not support there being a general risk attached to calcium antagonists (24,
25) but there may be one for fast-absorbed, short-acting calcium antagonists administered
to patients with severe coronary artery disease.

Table 9 Coronary Events (Rate per 1000 Patient-Years)

MRC mild trial MRC elderly trial

Diuretic Beta-blocker Placebo Diuretic Beta-blocker Placebo

Fatal 2.8 2.2 2.3 5.2 8.2 8.6
Nonfatal 2.8 2.6 3.2 2.4 4.5 3.9
All 5.6 4.7 5.5 7.7 12.8 12.7
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2. Heart Failure

The MRC trial did not analyze specific data about the incidence of heart failure. A particu-
larly interesting finding in the SHEP study was the reduction by about half in fatal and
nonfatal heart failure with 105 of 2371 patients on placebo versus 55 of 2365 on active
treatment (26). The EWPHE trial also showed a marked reduction in the incidence of
heart failure.

These findings are consistent with epidemiological data showing a rapidly rising
incidence of heart failure with age and a high early mortality with about one third of
patients dying within 2 years of onset (27). The two most common predisposing conditions
are hypertension and coronary artery disease (28–30). There is, of course, the possibility
that some of the apparent benefit, particularly of diuretic-based regimens, is false in that
some of the overt clinical manifestations of heart failure are relieved but not the underlying
pathology. The favorable effect on mortality suggests, however, the benefit is real and
not just symptomatic. It will be particularly interesting to see the effects of angiotensin-
converting enzyme inhibitors and angiotensin II receptor antagonists in the elderly in view
of their favorable effects in heart failure (31, 32).

C. Adverse Effects

1. All-Cause Mortality

All-cause mortality was not significantly altered in the MRC elderly trial. The rates per
1000 patent-years for diuretic, beta-blocker, all active treatment, and placebo were 21.3,
26.4, 23.9, and 24.7 respectively. In the MRC mild hypertension trial, the rates for all
active treatment and placebo were 5.8 and 5.9 per 1000 patient-years respectively. The
lack of effect on all-cause mortality was disappointing, particularly in the elderly trial.
One possible explanation might be that treatment increased mortality from noncardiovas-
cular causes while decreasing cardiovascular deaths. In the elderly trial, there was some
concern because of an increased incidence of cancer in male atenolol-treated patients but
scrutiny of other (nonrandomized) populations of hypertensive patients treated with ateno-
lol did not show any cause for concern (33, 34). All antihypertensive drugs cause some
symptoms in some patients. In recent years, substantial efforts have been made to quanti-
tate the symptom burden and the effects of treatment upon activities of daily living (35).
Overall, the incidence of severe effects appear to be small, although the frequency with
which drugs are switched in family practice suggests that mild to moderate symptoms,
such as cough on angiotensin-converting enzyme inhibitors, headache on calcium antago-
nists, and fatigue on beta-blockers, are common. In the MRC elderly trial, the drugs used
are generally considered to cause a low incidence of symptomatic side effects but even
so, 160 patients were withdrawn from the diuretic group and 333 from the beta-blocker
group because of side effects. These are substantial numbers, bearing in mind that there
were only about 1100 patients in each actively treated group and patients were kept on
the original randomized treatment if possible.

More serious adverse effects were rare, but there has been some concern about the
safety of thiazide diuretics both in relation to provocation of ventricular arrhythmia and
predisposing to diabetes mellitus. A subgroup analysis in the Multiple Risk Factor Inter-
vention study (MRFIT) suggested that a diuretic might predispose to cardiac events (36),
but neither of the MRC placebo-controlled trials showed any supportive evidence apart
from a moderate increase in the incidence of ventricular ectopics in an intensively moni-
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tored subgroup. The dose of bendrofluazide used in the first MRC trial, 10 mg, was in
retrospect rather high. A variant on the argument has been to say that the trial results
might have been even better if a postulated adverse myocardial effect of thiazides could
have been avoided, but this argument was deployed mainly against the trials in patients
younger than age 60 in whom the beneficial effects upon coronary heart disease were less
than anticipated.

There is good evidence that thiazides can be diabetogenic in some circumstances
and diuretics may have an adverse effect in patients who have already developed diabetes
(37). There was evidence of decreased glucose tolerance in the EWPHE, diuretic-based,
trial. But this problem appears to be dose related, and Berglund found no adverse effects
on glucose metabolism of a low dose of a thiazide over 10 years (38). In the same study
several patients developed glucose intolerance on propranolol. Overall this appears to be
much less of a problem than once feared.

V. CONCLUSION

The MRC trial of treatment of hypertension in the elderly demonstrated a significant reduc-
tion in stroke, cardiac, and all cardiovascular events. The benefits of treatment were greater
in the diuretic-treated group than in those randomized to the beta-blocker. Many patients
suffered mild drug-related symptoms that necessitated a change in treatment, particularly
in the beta-blocker group. There was no deterioration of cognitive function as a result of
treatment, and evidence was obtained that incidental use of nonsteroidal anti-inflammatory
drugs might have some protective effect against dementia.
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I. INTRODUCTION

Hypertension is one of the most commonly occurring medical conditions in the U.S. It
affects one in four adults; hypertension clinic visits are the most common reason to visit
a physician. Since the mid-1960s, a large number of clinical trials have conclusively estab-
lished that lowering blood pressure prevents cardiovascular disease (1, 2). Trials have
also established the benefits of lowering systolic pressure in older patients (3–6). Clearly,
lowering high blood pressure is one of the most effective interventions currently delivered
in primary care medicine.

However, past hypertension trials have also reported results that suggest the type of
antihypertensive drug prescribed may contribute to outcomes independently from lowering
blood pressure. In fact, antihypertensive mortality/morbidity adverse effects have been
attributed to specific drugs used in clinical trials. The Multiple Risk Factor Intervention
Trial (MRFIT) observed a higher rate of sudden death and fatal/nonfatal coronary disease
in a subgroup of special intervention men; those with baseline electrocardiographic (ECG)
abnormalities treated with high-dose diuretics (50–100 mg daily of hydrochlorothiazide
and chlorthalidone) compared with usual care (community care) (7). More recently, seri-
ous concerns have emerged that suggest possible harmful effects of dihydropyridine cal-
cium channel blockers (8–10).

Concerns about differential effects by type of drug were the main impetus in design-
ing the Treatment of Mild Hypertension Study (TOMHS). The TOMHS was an NHLBI

253
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investigator-initiated grant carried out by four medical centers: the University of Minne-
sota (clinical center, administrative center, and data coordinating center), the Rush-Presby-
terian Medical School in Chicago, the University of Pittsburgh, and the University of
Alabama in Birmingham (11).

The TOMHS was originally designed as a two-phase study. Phase I was conducted
between 1986 and 1993 in 902 stage I diastolic hypertensives. The primary goal of phase
I was to estimate the open label drug treatment rate in the placebo-plus-lifestyle group
compared with active treatment (Fig. 1), and the feasibility of using as treatment arms
these active drugs, in conjunction with lifestyle advice. Phase II was designed to address
the question: does treatment reduce cardiovascular disease (CVD) in patients with stage
1 hypertension and does type of drug treatment affect CVD risk?

A. Methods

The TOMHS was a randomized double-blind placebo-controlled study comparing five
active drugs with one another and placebo for long-term hypertension care. All participants

Fig. 1 Power curves for endpoint: Percent for whom Step 1 treatment is discontinued [n � 125
(medication groups); n � 215 (placebo group)].
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also received intensive lifestyle intervention including weight loss, dietary sodium and
alcohol reduction, and increased leisure time physical activity (12). The following ques-
tions were addressed:

1. Do the drug-treated groups differ from placebo or from each other with respect
to measures of drug tolerance, BP change, quality of life, lipoprotein, biochemistries,
reported side effects, sexual function, and ECG and echocardiographic changes over 4
years? For these measures, the study power was about 0.90 to detect clinically meaningful
differences in these measures. Clinically meaningful measures were defined as a diastolic
BP change of 3.5 mm Hg, a 15% difference in participants who remained on step 1 therapy,
a 0.5 quality of life (QL) unit difference, and a 19 g difference between groups in left
ventricular mass on ECG. The TOMHS drug schedule including step and dose are shown
in Table 1.

2. The second question was: does drug treatment combined with lifestyle changes
reduce 4-year incidence of cardiovascular morbidity and mortality compared with lifestyle
intervention alone? Phase I was not adequately powered for this endpoint, although CVD
morbidity and mortality were ascertained.

Inclusion criteria included men and women ages 45 to 69 with stage I diastolic
hypertension defined as a diastolic pressure between 90 and 99 mm Hg averaged over
three eligibility visits. Participants on medication at the initial screen could be eligible if
they could be weaned off their medication and, over 12 weeks (five visits) of observation,
have diastolic pressures between 85 and 99 mm Hg. Further details of inclusions and BP
entry criteria are published in the final result paper (13). The TOMHS phase I inclusions
and exclusions are provided in Table 2. The actual specific fatal and nonfatal and the
clinical events are shown in Table 3.

B. Randomization

Recruitment was carried out over 18 months. Participants were assigned to treatment us-
ing a block randomization method stratifying for clinical center and use of BP drugs at
screen 1. There were eight strata altogether with an allocation ratio to the six treatment

Table 1 TOMHS Drug Schedule

Step 1 Step 2

Acebutolol Dose 1 400 mg qd Chlorthalidone Dose 1 15 mg qd
Dose 2 400 mg bid Dose 2 15 mg bid

Amlodipine Dose 1 5 mg qd Chlorthalidone Dose 1 15 mg qd
Dose 2 5 mg bid Dose 2 15 mg bid

Chlorthalidone Dose 1 15 mg qd Enalapril Dose 1 5 mg qd
Dose 2 15 mg bid Dose 2 5 mg bid

Doxazosin Dose 1 2 mg qd Chlorthalidone Dose 1 15 mg qd
Dose 2 2 mg bid Dose 2 15 mg bid

Enalapril Dose 1 5 mg qd Chlorthalidone Dose 1 15 mg qd
Dose 2 5 mg bid Dose 2 15 mg bid

Placebo Dose 1 Chlorthalidone Dose 1 15 mg qd
Dose 2 Dose 2 15 mg bid

Abbreviation: TOMHS, Treatment of Mild Hypertension Study.
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Table 2 TOMHS Inclusions/Exclusions

Inclusions
Ages 45 to 69
Stage 1–2 diastolic hypertension
Exclusions
Do not meet BP criteria

Stratum 1 74%
Stratum 2 22%

On more than one type antihypertensive drug 11%
Inability to obtain technically acceptable echocardiogram 5%
Rose angina 3%
�50% of meals eaten away from home 2%
Unwilling to make dietary changes 2%
Clinical evidence of CVD �1%
Life-threatening illness �1%
ECG hypertrophy (LVH) �1%

Abbreviations: TOMHS, Treatment of Mild Hypertension Study; CVD, cardiovas-
cular disease; LVH, left ventricular hypertrophy.

Table 3 TOMHS Phase II Primary Endpoint

Fatal
1. Death from CHD
2. Death from other CVD including stroke
3. Death from other causes
Nonfatal

1. Nonfatal MI (clinical criteria)
2. Nonfatal MI (serial ECG)
3. Nonfatal stroke
4. Congestive heart failure
5. Surgery for aortic aneurysm
6. Coronary artery bypass graft
7. Coronary angioplasty
8. Administration of thrombolytic agents for possible MI
9. Hospitalization for unstable angina

10. Definitive ‘‘hard’’ ECG-LVH (MN code 3.1 � 4.1 � 4.3 or 5.1 � 5.3)
11. Impaired renal function (serum creatinine �2.0 mg/dl and at least a doubling from

baseline)

Endpoints were selected as fatal events, and nonfatal events were ordered by severity hierarchy. All these events
increase risk for CVD mortality. Only one event was counted per participant on the final endpoint measure.
Abbreviations: TOMHS, Treatment of Mild Hypertension Study; CHD, coronary heart disease; CVD, cardiovas-
cular disease; ECG, electrocardiogram; MI, myocardial infarction.
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groups of 1.7:1:1:1:1:1. The largest allocation was to placebo. This was done to increase
power for comparing each drug group to placebo. All patients provided written informed
consent in a form approved by the human subject review boards of each participating
institution.

During planning, a drug selection committee chose the study drugs. Treatment
groups were (a) placebo (n � 234); (b) acebutolol (beta-blocker, n � 132); (c) amlodipine
(dihydropyridine calcium channel blocker, n � 131); (d) chlorthalidone (diuretic, n �
136); (e) doxazosin (alpha 1 antagonist, n � 134); and (f) enalapril (angiotensin-con-
verting enzyme [ACE] inhibitor, n � 135). Amlodipine and enalapril were used in the
maleate form to allow all drugs to fit into identical capsules. Because all drugs fit into #3
capsules, except for acebutolol, the study was done ‘‘double-dummy’’ with participants
taking 2 capsules (one #3, one #00) daily. Initial doses of drugs were amlodipine 5 mg,
chlorthalidone 15 mg, doxazosin 2 mg (after an initial 1-month dosing of 1 mg given
h.s.), enalapril 5 mg, and acebutolol 400 mg. All were given once daily. The dose was
doubled if BP increased to prespecified levels: (a) diastolic blood pressure (DBP) �95
mm Hg on three successive visits; (b) DBP �105 mm Hg on a single visit. Participants
were seen at follow-up visits every 3 months for 4 to 5.5 years depending on the date of
randomization. Figure 2 shows the study design.

At the initiation of the TOMHS, ambulatory 24-hour ECG monitoring and echocar-
diographic measurements (echo) were included as measures to study the feasibility of
performing these measurements as routine for documenting specific endpoints for the

Fig. 2 TOMHS design. All participants were between 45 and 69 years, had diastolic blood pres-
sures between 90 and 99 mm Hg, were free of coronary heart disease, and received nonpharmacolog-
ical treatments for weight loss, sodium reduction, and physical activity.
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study and to compare these endpoints between treatment groups. The resting ECG was
also included for routine measurement to determine specific endpoints for the study. Rest-
ing ECG, echo, and 24-hour ECGs were recorded at baseline, 3 months, and annually.

1. Echocardiography

Left ventricular (LV) measurements were obtained at end diastole. End diastolic measure-
ment criteria included both the American Society of Echocardiography (ASE) and the
Penn conventions. The ASE convention uses a leading edge measurement with end dias-
tole identified at the beginning of the QRS complex of the simultaneously recorded ECG
(14). The Penn convention excludes endocardial or epicardial surfaces in the measurement
of wall thickness and includes endocardial surfaces in the LV dimension measurement
(15). End diastole is defined as the peak of the R wave of the QRS complex. The LV
measurements included interventricular septal thickness at end diastole (IVSTd), the poste-
rior wall thickness at end diastole (PWTd), and LV internal dimension at end diastole
(LVIDd). From the diastolic measurements, LV wall mass (LVM) was calculated from
the Penn convention, according to the equation of Devereux and Reichek (15), by the
formula LVM � 1.04([IVSTd � PWTd � LVIDd]3 � [LVIDd]3) � 13.6 g. The LV mass
index (LVMI, grams per square meter [g/m2]) was calculated by dividing LV mass by
body surface area (BSA): BSA (m2) � 71.84 [height (cm)]0.725 [weight (kg)]0.425. Diagnostic
criteria for LV hypertrophy using LV mass index (g/m2) were �134 g/m2 for men and
�110 g/m2 for women, representing the sex-specific 97th percentile of a previously pub-
lished reference standard in a normal population (18), both based on Penn convention
measurements.

Echocardiograms were obtained with the participant lying in a modified left lateral
decubitus position with the head angled at 30° from the horizontal. Recordings were made
at the end of expiration, if possible, using a Kontron Sigma ISC sonographic recorder
with a 3.5 MHz transducer. Strip chart recordings were made on a fiberoptic L585 Hon-
eywell recorder on light-sensitive paper at 50 mm/s. M-mode study of the left ventricle
for determination of LV mass was accomplished by using a cursor from the two-dimen-
sional image of the parasternal short-axis view of the left ventricle at the level of the tips
of the mitral valve leaflets. At least five cycles were recorded for analysis. Tracings were
read by one of two physician readers. Inter- and intrareader reliability for LV mass was
assessed throughout the study. Intrareader correlations for LV mass were 0.93 and 0.89
for each of the two physician readers. Based on 222 recordings for each of the two physi-
cian’s readers, interreader correlation was 0.83 with a mean difference between readers
of 8 g and a standard deviation of 34 g.

2. Electrocardiography

a. Resting ECG

The ECG data were collected by using a standardized procedure for lead placement and
ECG recording. The ECG recorder acquired 12 leads simultaneously for 10 seconds. The
ECG data were transmitted from each of four clinical sites to the Edmonton computer
ECG center for processing, analysis, and storage. Twelve-lead ECG signals were pro-
cessed by using a special computer algorithm (NOVACODE), which systematically as-
signs the Minnesota Code and provides continuous 12-lead ECG amplitude and duration
measurements (21). These computer measurements were used to define the following
eight ECG-LV hypertrophy criteria sets: Sokolow-Lyon (22), Cornell voltage (23), Cor-
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nell voltage-duration product (23), Casale/Devereux (24), Rautaharju ECG (25), Rom-
hilt-Estes point score (26), sum of 12-lead voltage, and 12-lead voltage-duration product
(23).

b. Holter Monitoring

The routinely collected Holter recordings were received and processed at the Minnesota
ECG coding center. The ambulatory ECG recorder used in TOMHS was a real-time ambu-
latory ECG recorder designed to detect changes in an individual’s ECG waveform pattern,
including irregularities of the heartbeat, fast or slow heart rates, abrupt pause, ventricular
ectopy, and abnormal deviations of the ST segment. Ten-second samples of these ECG
patterns or rhythm changes plus a systematic 10-second sample every 45 minutes were
recorded and stored in solid-state memory. This method examines and reports on, but
does not produce a wave-form recording of, each detected abnormality; rather, it provides
the user with a number of ECG examples to document its performance. Up to 124 10-
second 2-channel strips can be stored during a 24-hour period. A statistical editing proce-
dure was performed by a trained technician who determined whether the monitor-anno-
tated finding was correct. In this procedure, false-positive and false-negative rates for
each category of detected event were determined and the monitor’s count was adjusted
accordingly.

All episodes of ST segment depression and ventricular premature beats were mea-
sured and rates were calculated. The ST segment depression was coded if there were 1
or more minutes of recording with ST depression of at least a Minnesota code of 4-1-1
or 4-1-2. Severe ST depression was defined as 10 or more minutes of ST depression with
at least one Minnesota Code of 4-1-1 or 4-1-2.

C. Results

Over 18 months, 11,914 persons were screened and 902 were randomized. Table 4 pro-
vides baseline characteristics for the 902 participants by ethnicity and sex. Additional
details of baseline characteristics are published elsewhere (28). Overall average age was
54.8 years, 61% were male, 20% were black, 11% were current smokers, 61% at initial

Table 4 Baseline Characteristics by Gender and Ethnicity

White women Black women White men Black men
Baseline (n � 233) (n � 112) (n � 492) (n � 65)

Age (years) 55 53.7 55 54
Weight (lb) 163.2 175.6 200.3 196.2
BMI (kg/m2) 28.1 29.8 29.1 28.3
Urinary sodium (mEq/24 h) 131.7 158.4 173.4 173.7
Alcohol users (%) 72.3 58.2 77.2 64.1
Drinks/week for users 3.6 3 5.7 6.8
Current cigarette smokers (%) 8.6 20.5 7 32.3
On BP drugs at initial visit (%) 66.1 63.4 59.6 47.7
Systolic pressure (mm Hg) 141.7 141.2 140.1 136.4
Diastolic pressure (mm Hg) 90 90.5 90.8 90.6

Abbreviation: BP, blood pressure.
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screening. Two clinical centers, the Rush-Presbyterian and University of Alabama, re-
cruited most of the black participants. Women made up 64% of blacks.

All participants were followed up a minimum of 4 years, average follow-up was
4.4 years, the range was 4 to 5.5 years. Attendance at follow-up visits was excellent:
90.6% for the quarterly visit and 92.8% for all four annual visits. There were no significant
differences in attendance between treatment groups. Only five participants were counted
as dropouts (�1%) because they attended no follow-up visits. Follow-up rates were similar
by ethnic and gender group (91.3% white, 87.4% African-American, 91.2% men, 89.5%
women).

Figures 3 to 5 show changes in lifestyle factors over 4 years by race. Overall partici-
pants achieved an average weight loss of �7.97 lb., �10.1 mEqL 8-hour urinary sodium,
376 kcal/day increase in leisure physical activity and a �1.1 drinks/week reduction in
self-reported alcohol intake (data not shown). All groups lost weight: black women lost
the least amount of weight, 3.6 lb, and white men the most, 9.9 lb, black men lost 4.4 lb,
and white women 6.4 lb (data not shown).

Success with lifestyle intervention varied by age (Table 5). Men and women 60
years of age and older tended to have more success compared with younger participants.

Figure 6 shows the drug adherence status by treatment group over 4 years. At 1
year, 83.9% of those on active drugs were still taking their assigned step 1 medication,
and this fell to 72.4% at 4 years. Also, use of open-label drugs (not step 1) was 5.9% at
12 months with all active versus 17.1% at 48 months. Amlodipine and acebutolol had the
highest percentage of patients on step 1 and the lowest on open-label drugs at the 48-
month visits. The placebo-treated participants had 81% on capsules at 12 months, but this
proportion had dropped to 58.5% at 48 months. This group also had the highest percent
(32.9%) on open-label drug treatment at 48 months, which was largely the result of being

Fig. 3 Weight changes between blacks (baseline n � 177) and nonblacks (baseline n � 725)
from baseline to 48 months.
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Fig. 4 Urine sodium changes for blacks (baseline n � 177) and nonblacks (baseline n � 725)
from baseline to 48 months.

Fig. 5 Physical activity levels for blacks (baseline n � 177) and nonblacks (baseline n � 725)
from baseline to 48 months (one physical activity point equals 4 kcal).
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Table 5 Average Response to Lifestyle Modification over 48 Months by Treatment Group
and Age for TOMHS Participants

All active Placebo Total

�60 �60 �60 �60 �60 �60

Change in weight �7.3 �10.0 �6.9 �9.3 �7.2 �9.8
Change in drinks/week �1.1 �1.0 �0.6 �1.8 �1.0 �1.2
Change in activity points 100.2 104.8 65.7 96.0 91.1 102.6
Change in urinary Na �9.5 �11.8 �9.3 �14.7 �9.4 �12.5

N 487 171 175 59 662 230

Abbreviation: TOMHS, Treatment of Mild Hypertension Study.

put on active drug as a result of higher clinic blood pressure, or more commonly, by their
private physician.

Figure 7 shows the changes in systolic and diastolic pressure by treatment group.
Lifestyle only (placebo) lowered systolic pressure by 8.6 mm Hg. Among the drugs, acebu-
tolol, amlodipine, and chlorthalidone were slightly better in lowering systolic pressure,
compared with doxazosin and enalapril. Figure 8 shows systolic change by ethnic group

Fig. 6 Percent of participants taking step-1 medication and on other drugs at the 12-month and
48-month visits.
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Fig. 7 Change in systolic and diastolic blood pressure from baseline to 48 months by treatment
group.

Fig. 8 Change in systolic blood pressure, averaged over 48 months, for black and nonblack partici-
pants.
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Table 6 Mean Change in Selected Chemistries by Treatment Group

Acebutolol Amlodipine Chlorthalidone Doxazosin Enalapril All active Placebo

Measurement Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE P(5)* P(4) P(1)

Glucose �1.60 0.98 �1.40 0.76 �0.85 0.99 �1.83 1.33 �1.26 1.14 �1.39 0.47 �0.79 0.95 0.916 0.870 0.461
Potassium �0.01 0.04 �0.07 0.03 �0.38 0.04 �0.04 0.03 0.06 0.03 �0.9 �0.02 �0.02 0.02 0.000 0.000 0.008
Calcium �0.16 0.03 �0.12 0.03 �0.06 0.03 �0.22 0.03 �0.17 0.03 �0.09 0.02 �0.13 0.02 0.000 0.000 0.955
Uric acid 0.15 0.07 �0.21 0.06 0.51 0.07 �0.15 0.07 �0.13 0.07 �0.03 0.03 0.01 0.05 0.000 0.000 0.851
Creatinine �0.01 0.01 �0.05 0.01 �0.06 0.01 �0.05 0.01 �0.05 0.01 �0.05 0.00 �0.05 0.01 0.003 0.002 0.645
Alk Phos 1.31 1.08 9.83 1.25 2.21 1.08 5.57 1.18 6.53 1.33 �0.13 0.02 8.47 0.94 0.000 0.000 0.002
Sodium �0.61 0.24 �0.07 0.28 �0.83 0.24 �0.36 0.22 �0.80 0.24 0.03 0.03 �0.46 0.17 0.766 0.705 0.575
Chloride �2.44 0.25 �2.02 0.23 �4.31 0.27 �1.87 0.24 �2.55 0.20 0.01 0.05 �2.40 0.17 0.000 0.000 0.147
Albumin �0.08 0.01 �0.04 0.02 �0.06 0.01 �0.09 0.02 �0.08 0.02 �0.05 0.00 �0.05 0.01 0.003 0.017 0.023
WBC �0.02 0.10 0.04 0.11 0.23 0.09 �0.21 0.08 0.08 0.09 �0.05 0.01 0.06 0.06 0.026 0.030 0.217
Plate/1000 13.27 3.13 26.09 2.96 19.40 2.97 6.90 3.33 22.69 3.14 5.06 0.54 13.69 2.13 0.000 0.000 0.214

N 131 127 132 132 133 655 232

* All P values adjusted for clinic, stratum, and baseline level.
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over 48 months. Whites overall experienced a greater reduction in pressure; however,
within group, order of pressure response to specific drugs was similar among blacks and
whites, although acebutolol was the best in whites versus chlorthalidone in blacks.

D. Laboratory

Table 6 shows changes from baseline in biochemistries and complete blood count results
averaged over 4 years by treatment group. Chlorthalidone was associated with a 0.38
mEq/L reduction in serum potassium, and enalapril showed a slight increase of �0.06
mEq/L. Alkaline phosphatase increased in participants taking amlodipine. White blood
cell count (WBC) increased with chlorthalidone by �230 cells, and decreased on doxa-
zosin by �210 cells. Platelet counts increased most with amlodipine and enalapril, least
with doxazosin. Figure 9 plots the change in serum potassium over 4 years, comparing
chlorthalidone with other drugs and placebo. At 12 and 48 months, 2.4% and 3.4% of the
chlorthalidone participants were taking supplemental KCl.

Serum creatinine was measured at baseline and then every 6 months over the
duration of the study. By 12 months, serum creatinine fell in most groups including
placebo (Fig. 10). There was a trend for serum creatinine to continue to fall over the
48 months of observation. One group, acebutolol (a beta-blocker), experienced signifi-
cantly less lowering in serum creatinine, although even this group experienced a reduction
in creatinine compared to baseline.

Lipid changes with diet and drug have been published elsewhere (29). A summary
of lipid changes by group is shown in Table 7. Weight loss was strongly associated with
lowering of LDL-C and triglycerides with increases in HDL-C (data not shown). The
doxazosin group experienced the most favorable lipid changes with reductions in LDL-C,
TG, and the most favorable change was in the HDL-C total cholesterol ratio. An unex-

Fig. 9 Changes in barium potassium from baseline to 48 months with the chlorthalidone, placebo,
and other active drugs.
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Fig. 10 Average serum creatinine at baseline through 48 months by treatment group.

pected result was that the acebutolol-treated participants also experienced a significant
reduction in LDL-C.

Fasting plasma insulin was measured on all participants who attended the 48-month
visit. Table 8 shows the level of fasting insulin by study group. It is reasonable to ex-
pect that the study groups had similar baseline insulins. The highest insulin was observed
in the placebo group. The lowest insulin was with doxazosin P � �0.01 vs. placebo.
It is noteworthy that the beta-blocker acebutolol also had a significantly lower insulin
compared to placebo. It is of interest to note that when all drugs were combined and
compared to placebo, fasting insulin was significantly lower in all drugs compared to
placebo.

E. ‘‘Side Effects’’/QL

Table 9 shows the percent of participants with a new or worsening condition from baseline
in commonly reported symptoms by treatment group at 48 months. Of the total reported
symptoms, 86% were classified as ‘‘mild’’ (not interfering with daily activities), 12%
moderate (some interference with daily activities), and 2% severe (not able to do daily
activities, with hospitalization). These percentages of levels of severity were essentially
identical in patients taking placebo or active drugs, men and women, and whites and
blacks.

Table 10 provides a summary of QL measures that have been published previ-
ously (30). Quality of life improved in all groups over 4 years. Improvements in QL
were strongly related to weight loss (data not shown). The larger the weight loss,
the greater the improvement in QL. Changes in QL were also related to level of
change in systolic and diastolic blood pressure averaged over 4 years (adjusted for weight
change).

Sexual function was assessed in men and women and detailed results have been
previously published (31). There was no relationship of treatment to incidence of sexual
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Table 7 Baseline Plasma Lipids and Average Change, Averaged Over 4 Years of Follow-Up

Plasma lipid Acebutolol Amlodipine Chlorthalidone Doxazosin Enalapril PLCB P value

Total cholesterol
Baseline, mean (sd) 233.2 (40.6) 229.1 (40.9) 229.7 (38.2) 228.8 (37.8) 225.7 (36.4) 225.3 (37.4)
Average change �11.7 (2.0) �6.7 (2.3) �4.5 (1.8) �13.8 (2.0) �8.0 (1.8) �5.1 (1.3) �0.001
LDL-C
Baseline, mean (sd) 162.9 (35.4) 160.0 (37.3) 159.8 (34.4) 158.0 (35.2) 153.6 (33.5) 156.8 (33.1)
Average change �10.6 (2.0) �5.1 (2.1) �3.6 (1.9) �11.3 (1.9) �5.9 (1.9) �3.6 (1.1) 0.004
HDL-C
Baseline, mean (sd) 43.9 (12.7) 43.5 (10.6) 43.5 (11.2) 44.7 (10.9) 43.9 (12.5) 42.8 (11.9)
Average change 0.2 (0.5) 2.0 (0.5) 2.1 (0.6) 2.4 (0.5) 2.6 (0.6) 1.4 (0.4) 0.01
(HDL-C/total) � 100
Baseline, mean (sd) 19.1 (5.4) 19.5 (5.5) 19.3 (5.3) 19.8 (4.9) 19.7 (5.5) 19.3 (5.7)
Average change 1.2 (0.3) 1.5 (0.3) 1.4 (0.3) 2.0 (0.4) 1.9 (0.3) 1.2 (0.2) �0.001
Triglycerides
Baseline, mean (sd) 131.9 (67.7) 128.0 (71.0) 131.9 (79.6) 130.5 (65.4) 141.3 (102.5) 128.8 (70.8)
Average change �6.4 (4.4) �18.4 (3.9) �14.7 (5.0) �24.9 (4.1) �23.6 (5.7) �14.5 (3.0) �0.001

Abbreviations: PLCB, placebo; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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Table 8 Fasting Insulin at 48 Months by Treatment Group

Insulin

Mean SD

Acebutolol n � 119 9.60 5.24
Amlodipine n � 112 10.23 9.20
Chlorthalidone n � 115 10.68 8.39
Doxazosin n � 118 8.53 5.53
Enalapril n � 117 10.60 6.48
All active n � 581 9.92 7.13
Placebo n � 205 11.60 7.91

P(5)* � 0.012 P(4) � 0.109 P(1) � 0.006

* All P values adjusted for clinic, stratum, and baseline level.
Abbreviation: SD, standard deviation.

dysfunction in women. In men at 24 months, chlorthalidone was associated with more
erectile dysfunction (failure to obtain and maintain erections) compared with placebo.
Other drugs were similar to placebo for new incidence of erectile dysfunction. A separate
analysis was carried out in the 65 men who reported erectile dysfunction at baseline and
their status at 24- and 48-month visits. Erectile dysfunction had remitted in 54% at 24
months, and 57% at 48 months in men in the placebo group. This was similar to remission
in each of the active drug groups except that all 8 of the men on doxazosin who reported
dysfunction at baseline reported return of function at the 24-month visit (P .04 vs placebo),
and 7 of 8 at 48 months (P .16 vs placebo).

1. Echocardiography

The baseline measurements showed a substantial proportion of left ventricular hypertrophy
(LVH), with 12.7% of the men with an LVMI �134g/m2 and 19.5% of the women with an
LVMI �110g/m2 for women. The LVMI was significantly, positively, and independently
correlated with systolic blood pressure, body mass index, smoking, and urinary sodium
secretion (33–36). Table 11 shows that mean LVMI decreased in successive visits through
4 years of follow-up for all treatment groups in TOMHS. Mean decrease ranged from 34
g for participants given chlorthalidone to 23 g for participants given enalapril (34). Table
12 shows the significant difference in LVMI reduction among the five treatment groups
and that the reduction in LVMI for participants taking chlorthalidone was significantly
greater than for those in the enalapril and the acebutolol treatment groups. The reduction
in urinary sodium over 48 months was significantly and independently associated with a
reduction in LVMI (35).

2. Electrocardiography

Table 13 shows the incidence of resting ECG findings by treatment group for the 4-year
period of the study. Incidence of ischemic codes, ST segment depression, tall R waves,
and ECG LVH had significantly lower 4-year incidence among the treatment groups than
among those receiving placebo. Frequent ventricular premature beats (VPB, �10/hour)
were present in approximately 13% of all participants at baseline, with slight increase in
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Table 9 Percent TOMHS Participants Who Attended the 48-Month Visit Who Reported a Worsening or New Condition Since Baseline

Acebutolol Amlodipine Chlorthalidone Doxazosin Enalapril Placebo All Among All active
Condition n-126 n-114 n-116 n-121 n-120 n-206 groups active drugs vs placebo

Drowsiness 5.6 7.9 7.8 9.1 15 10.7 0.16 0.1 0.5
Tiredness 14.3 14.9 19.8 24.0 25 20.4 0.16 0.1 0.84
Faintness when standing 7.9 4.4 11.2 7.4 9.2 9.7 0.53 0.43 0.5
Itchy skin 4.8 9.6 6.9 9.1 12.5 12.1 0.2 0.25 0.12
Skin rash 10.3 7.9 9.5 5.8 11.7 7.3 — — —
Headaches 19.0 20.2 18.1 26.4 29.2 26.2 0.18 0.15 0.28
Ears ringing 16.7 15.8 12.9 15.7 14.2 15.0 0.94 0.87 0.93
Stuffy nose 26.2 26.3 25.0 30.6 33.3 31.1 0.61 0.53 0.5
Dry mouth 4.8 7.0 3.4 10.7 9.2 6.8 0.21 0.13 0.9
Cough 11.9 7.9 10.3 17.4 25.8 15.5 0.002 0.001 0.8
Heart beating fast 8.7 8.8 8.6 12.4 13.3 12.6 0.6 0.53 0.43
Chest pain 9.5 7.9 10.3 9.1 13.3 12.6 0.7 0.72 0.34
Joint pain 35.7 40.4 34.5 34.7 45.0 41.3 0.45 0.39 0.47
Swelling of feet 5.6 10.5 12.1 8.3 10.0 7.3 0.52 0.54 0.35
Muscle cramps 9.5 12.3 18.1 11.6 17.5 13.1 0.34 0.23 0.77
Waking up early 12.7 15.8 17.2 18.2 14.2 24.3 0.08 0.78 0.004
Feeling depressed 12.7 8.8 6.9 8.3 15.0 13.6 0.2 0.17 0.24

Abbreviation: TOMHS, Treatment of Mild Hypertension Study.
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Table 10 Mean Change from Baseline in QL Indices Averaged Over All Follow-Up Visits
for All Active Drugs Combined (Plus Lifestyle) and Placebo (Plus Lifestyle)

All Active Placebo
(n � 653) (n � 230)

P value
QL index Mean SE Mean SE active vs placebo

General health 1.26 0.16 0.98 0.25 0.10
Energy or fatigue 0.95 0.10 0.67 0.17 0.03
Mental health 2.14 0.23 1.43 0.43 0.01
General functioning �0.03 0.06 �0.32 0.10 0.01
Satisfaction with physical abilities 0.38 0.03 0.25 0.05 0.07
Social functioning 0.12 0.03 �0.12 0.06 0.004
Social contacts 0.09 0.06 0.15 0.11 0.75
Global QL statistic 450.10 5.65 420.31 9.39 0.007

Abbreviation: QL, quality of life.

prevalence at successive annual visits (Table 16). The 4-year incidence of frequent VPB
on Holter was approximately 22% for all treatment groups combined, and not significantly
different between drug- and placebo-treated groups (28).

3. Holter Monitoring

At baseline, 16.9% of the drug treatment participants and 24.5% of the placebo group
showed severe ST segment depression on the Holter. Over 4 years there was a decrease
in the percent of participants with severe ST segment depression in all treatment groups.
Tables 14 and 15 show comparisons of treatment of ST segment and severe ST segment
depression. The incidence of ST segment depression was significantly less among partici-
pants receiving acebutolol than those in the placebo group, chlorthalidone group, enalapril
group, or doxazosin group (ST depression). For severe ST depression, the incidence among
those in the acebutolol group was significantly less than that among the chlorthalidone
and enalapril participants (Table 17).

F. Combined Fatal and Nonfatal Cardiovascular Events

Although phase I was not powered for cardiovascular endpoints, a composite endpoint
was developed that included the hierarchy shown in Table 3. Because phase I participants
were to be included in phase II, this was the a priori-stipulated endpoint. To examine the
effect of active drug treatment plus lifestyle compared with placebo (lifestyle only), all
active drug groups were combined (n � 668) and compared with the 234 participants on
placebo. Figure 11 shows systolic blood pressure change from baseline over 4 years in
the active drug group and placebo. Throughout the study, the active drug systolic blood
pressure was about 124 mm Hg and placebo was 133 mm Hg (diastolic 78 and 82 mm
Hg, respectively) (P � 0.001). Incidence of major CV events was examined by group,
and the active drug group experienced an incidence of 31% reduction compared with
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Table 11 Average LVMI (g/m2) from the Echocardiogram at Baseline, 3, 12, 24, 36, and 48 Months by Treatment Group

Acebutolol Amlodipine Chlorthalidone Doxazosin Enalapril All active Placebo

Visit N Mean N Mean N Mean N Mean N Mean N Mean N Mean

Baseline 119 101.2 122 96.3 130 105.3 128 101.2 125 102.6 624 101.4 218 102.3
3-Months 121 92.6 114 91.3 120 92.3 120 94.0 120 92.9 595 92.7 211 91.7
12-Months 109 95.1 107 86.4 115 89.7 119 92.4 111 94.4 561 91.6 199 95.0
24-Months 114 88.7 108 82.4 113 84.7 115 86.1 109 87.4 559 85.9 187 87.7
36-Months 119 91.3 99 85.1 99 87.6 114 90.5 103 90.6 534 89.2 168 89.8
48-Months 103 88.7 91 84.2 95 90.0 98 89.5 94 89.9 481 88.5 153 87.3

Abbreviation: LVMI, left ventricular mass index.
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Table 12 Summary of Longitudinal Analysis Through 48 Months of LVMI (g/m2)

Treatment effect vs placebo

Beta SE (Beta) Z (Stat) P Value

Acebutolol 1.03228 1.55868 0.66 0.5078
Amlodipine �1.64350 1.57900 �1.04 0.2979
Chlorthalidone �3.50904 1.53853 �2.28 0.0226
Doxazosin �0.23975 1.52647 �0.16 0.8752
Enalapril 1.41984 1.56359 0.91 0.3638
P (5 df) � 0.0490
P (4 df) � 0.0287
P (1 df) � 0.5894
Significant contrasts (P � 0.01)

Chl � Ace
Chl � Ena

Abbreviation: LVMI, left ventricular mass index.

placebo (P � .21). These groups were also compared for major and minor cardiovascular
events (Fig. 12). Combined major and minor CVD events showed a similar reduction in
the active drug group vs. placebo 34% (P � 0.03).

II. DISCUSSION

Phase I results of TOMHS produces strong support for the aggressive treatment of stage
I hypertension. The six-group randomized, parallel, placebo-controlled study involv-
ing five different active drugs, placebo, and lifestyle for all participants followed up for
several years is unique. This is in contrast to the majority of past hypertension trials
that were often designed to provide the safety and efficacy data needed for drug ap-
proval. Phase III and IV trials usually have a smaller sample size with placebo or active
drug comparisons and study durations of 10 to 16 weeks. Such studies are inadequate
for making treatment decisions for a condition treated for a lifetime once drugs are
started. The TOMHS has several features that overcome these limitations: (a) a parallel
design comparing six treatment groups including placebo; (b) double-blind; (c) longer
duration, 4 to 5.5 years; (d) lifestyle management. These features have provided a data
set giving us a different perspective on the treatment of hypertension. Lifestyle inter-
vention in TOMHS was very successful. The success was accomplished using an inten-
sive intervention program involving both group and individual sessions. The sessions
were conducted by highly trained, skilled, and experienced nutritionists. The TOMHS
established that lifestyle management, weight loss, sodium and alcohol reduction, and
increased physical activity can be successful and partially maintained, and these changes
will result in an 8% to 10% reduction in systolic and diastolic blood pressure. This is a
similar reduction to that observed with drugs used as monotherapy (without lifestyle
advice). There is little regression to the mean in the BP lowering because baseline
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Table 13 Incidence of Resting ECG Abnormalities Through 48 Months by Treatment Group for TOMHS Participants

ACE AML CHL DOX ENA All ACT PLA
P Val P Val P Val

ECG Abnormalities No. % No. % No. % No. % No. % No. % No. % (5 DF) (4 DF) (1 DF)

Any major abnormality* 13 10.2 6 4.8 11 9.0 9 7.0 8 6.5 47 7.5 28 12.7 0.155 0.531 0.022
Any abnormality† 37 44.6 33 35.1 33 39.8 32 34.8 36 40.4 171 38.8 51 37.5 0.513 0.346 0.798
Q-waves (1X) 4 3.2 10 8.1 8 6.3 8 6.3 12 9.3 42 6.7 12 5.6 0.393 0.322 0.590
R-waves (3X) 18 15.5 4 3.4 2 1.8 8 6.5 4 3.4 36 6.1 24 11.7 0.000 0.000 0.006
ST-depression (4X) 6 4.6 1 0.8 3 2.4 4 3.0 4 3.1 18 2.8 14 6.2 0.176 0.521 0.024
T-waves (5X) 22 19.0 14 11.9 20 17.7 16 13.6 14 12.1 86 14.8 45 22.3 0.064 0.391 0.011
Ischemic codes (ISC) 22 17.9 10 8.3 12 10.4 12 9.7 11 9.2 67 11.1 38 18.4 0.018 0.152 0.005

(4.1–4.1, 5.1–5.3)
A-V conduction defect (6X) 10 7.9 8 6.3 7 5.5 11 8.7 11 8.4 47 7.4 16 7.1 0.942 0.864 0.926
Ventricular conduction defect (7X) 20 17.9 9 7.6 23 19.7 10 8.1 15 12.4 77 13.0 19 9.3 0.008 0.012 0.169
Miscellaneous (9X) 3 2.3 4 3.1 2 1.6 2 1.5 2 1.5 13 2.0 9 3.9 0.639 0.894 0.120
ST elevation (92) 5 3.8 2 1.6 2 1.5 2 1.5 3 2.3 14 2.1 5 2.2 0.836 0.738 0.982
LVH (3.1 � ISC code) 2 1.5 0 0.0 2 1.6 2 1.5 0 0.0 6 0.9 9 3.9 0.054 0.430 0.003
LVH (3.1–3.3 � ISC code) 7 5.4 0 0.0 2 1.6 3 2.3 0 0.0 12 1.9 11 4.8 0.009 0.007 0.017

P value calculated using Logrank test.
* MN Code 1.1, 1.2 (except 1.2.6 or 1.2.8), 4.1, 4.2, 5.1, 5.2 or (3.1 � an ischemic code).
† Any Minnesota code.
Abbreviation: ECG, electrocardiogram; TOMHS, Treatment of Mild Hypertrophy Study; ACE, acebutolol; AML, amlodipine; CHL, chlorthalidone; DOX, doxazosin; ENA, enalapril;
ACT, active; PLA, placebo.
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Table 14 Summary of Longitudinal Analysis Through 48 Months of Follow-Up Percent with
ST-Segment Depression in the Ambulatory ECG

Treatment effect vs placebo

Beta* SE (Beta) Z (Stat) P value

Acebutolol �10.14 3.150 �3.22 0.001
Amlodipine �2.70 3.208 �0.84 0.400
Chlorthalidone 4.11 3.206 1.28 0.200
Doxazosin �0.14 3.153 �0.04 0.966
Enalapril 5.40 3.203 1.69 0.092
P(5 df) � �0.001
P(4 df) � �0.001
P(1 df) � 0.76
Significant contrasts (P � 0.01)

Ace � Chl, Dox, Ena, Pla

* Positive value indicates higher value for active group compared to placebo.
Abbreviations: ECG, electrocardiogram; Ace, acebutolol; Chl, chlorthalidone; Dox, doxazosin; Ena, enalapril;
Pla, placebo.

entry pressures were made up of the average of the second and third eligibility visits.
The combination of lifestyle plus drugs lowers pressure an additional 5%, and there
were no major differences in pressure lowering between drugs. However, at the low
doses used in TOMHS, enalapril and doxazosin did not lower BP as much as the other
drugs.

All five drugs in TOMHS were well tolerated over 4 to 5.5 years and were effec-
tive for lowering blood pressure. The TOMHS patients’ blood pressures remained under
control using the lowest dose (step one, dose one) of the TOMHS. Blacks and whites
responded similarly in rank order to BP lowering by type of drug although blacks in
general were not as successful making the lifestyle changes. This suggests that there
are no major, clinically relevant differences in BP response using the different TOMHS
drugs.

The TOMHS side effect data were collected in a standardized manner with an effort
to collect complete information. Most side effects were classified as ‘‘mild,’’ that is, they
did not interfere with daily activities (86%). Side effects generally were reported with
similar rates in the placebo and active therapy groups. This suggests that the ubiquitous
concerns about drug-related side effects with the classes of drugs used in TOMHS are
likely overstated. The improvement in QL in the combined drug group compared with
placebo also leads to this conclusion.

It is noteworthy that low-dose diuretic chlorthalidone performed well in lowering
pressure with minimal adverse serum lipid and potassium effects. These results underscore
the advisability of using low-dose diuretics in the management of hypertension. In more
recent trials, low-dose diuretics have consistently been impressive in reducing CVD mor-
tality and morbidity (2–4).
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Table 15 Percent with Severe ST Depression from the 24-Hour ECG at Baseline, 3, 12, 24, 36, and 48 Months by Treatment Group

Acebutolol Amlodipine Chlorthalidone Doxazosin Enalapril All active Placebo

Visit N % N % N % N % N % N % N %

Baseline 131 22.1 129 16.3 131 17.6 131 14.5 130 13.8 652 16.9 229 24.5
3-Months 127 15.0 118 13.6 128 19.5 128 16.4 126 15.9 627 16.1 219 14.6
12-Months 123 11.4 115 13.0 121 19.8 124 14.5 121 19.8 604 15.7 207 16.9
24-Months 122 8.2 115 9.6 118 18.6 122 13.1 118 16.9 595 13.3 199 14.6
36-Months 120 10.0 107 13.1 110 16.4 119 10.9 113 14.2 569 12.8 190 15.3
48-Months 122 9.0 105 14.3 107 16.8 115 12.2 108 16.7 557 13.6 183 13.1
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Table 16 Average % VPB �10/Hour from the 24-Hour Electrocardiogram at Baseline, 3, 12, 24, 36, and 48 Months by Treatment Group

Acebutolol Amlodipine Chlorthalidone Doxazosin Enalapril All active Placebo

Visit N Mean N Mean N Mean N Mean N Mean N Mean N Mean

Baseline 131 6.11 129 8.53 130 19.23 131 17.56 130 13.85 651 13.06 229 15.28
3-Months 127 5.51 118 12.71 128 19.53 128 18.75 126 15.87 627 14.51 219 10.96
12-Months 123 8.13 115 13.04 121 20.66 124 16.94 121 14.05 604 14.57 207 14.01
24-Months 122 9.02 115 12.17 118 25.42 122 14.75 118 15.25 595 15.29 199 15.08
36-Months 120 13.33 107 15.89 110 17.27 119 21.01 113 18.58 569 17.22 190 20.00
48-Months 122 10.66 105 15.24 107 22.43 115 14.78 108 18.52 557 16.16 183 20.22
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Table 17 Summary of Longitudinal Analysis Through 48 Months of Percent with Severe*
ST Depression on the Ambulatory ECG

Treatment effect vs. placebo

Beta SE (Beta) Z (Stat) P value

Acebutolol �3.02 2.440 �1.24 0.215
Amlodipine 0.99 2.486 0.04 0.690
Chlorthalidone 6.75 2.487 2.71 0.007
Doxazosin 3.33 2.449 1.36 0.174
Enalapril 6.12 2.486 2.46 0.014
P(5 df) � 0.001
P(4 df) � 0.002
P (1 df) � 0.12
Significant contrasts (P � 0.01)

Ace � Chl, Ena
Ch1 � Pla

* Severe ST depression � 10 or more minutes of ST depression (see text).
† Positive value indicates higher value for active group compared with placebo.
Abbreviations: ECG, electrocardiogram; Ace, acebutolol; Chl, chlorthalidone; Ena, enalapril, Pla, placebo.

Fig. 11 Systolic blood pressure change from baseline to 3 months and annual clinic visits, for
placebo (n � 234) and combined active drugs (n � 668).
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Fig. 12 Cumulative major plus other clinical events minus active vs. placebo.

The TOMHS phase I results have provided important new insights into the man-
agement of stage I hypertension. The data provide convincing support for the benefit of
aggressive lowering of pressure in this group using combined lifestyle/drug intervention.
The results of the TOMHS and HOT trials (13, 37) should make physicians reconsider
their approach to the management of hypertension by more frequent use of drug therapy
with lifestyle change, and by considering concerns about drug side effects and QL in
proper perspective. Although phase II of TOMHS was not carried out, data from TOMHS
and the VA monotherapy trial were used in planning the design and conduct of the on-
going NHLBI-sponsored Antihypertensive and Lipid Lowering to Prevent Heart Attack
Trial (ALLHAT) (38, 39). The ALLHAT is examining the important question concerning
the role of type of antihypertensive drug and effectiveness in lowering fatal and nonfatal
CHD.

To date in the United States, we have provided inadequate treatment and control
for hypertension. The NHANES III data showed that only about 50% of hypertensives
were taking medications, and only 27% were controlled (39). The results of TOMHS and
other recent trials should make physicians reconsider their approach in the management
of hypertension. Physicians need to be more active in the use of drug therapy combined
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with lifestyle advice, and side effect and QL concerns should be placed in proper perspec-
tive.
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I. INTRODUCTION

Dr. Edward D. Freis assembled the first major Veterans Administration (VA) Cooperative
Study Group on Antihypertensive Agents. He is renowned for proving that oral drug treat-
ment of hypertension conferred a major benefit by reducing the damaging impact of hyper-
tension on target organs (1). When that study was planned in 1960, the prevailing wisdom
was that ‘‘benign essential’’ hypertension should not be treated at all! Dr. Freis subse-
quently organized and conducted a series of cooperative studies that made significant
contributions to our understanding of hypertension and its therapy. The studies were al-
ways organized to provide information to practicing physicians in their care of hyperten-
sive patients. Most of the study groups involved seven VA centers with two seven-center
groups operating simultaneously on different projects.

The Department of Veterans Affairs Cooperative Study Group on Antihypertensive
Agents (participants are listed in Section XIII) started planning for its largest cooperative
study in September 1984. Fourteen (later 15) VA medical centers would follow the same
protocol with the intention to enroll 1400 patients. It required more than 2 years for the
approval process, funding, training, drug acquisition, and packaging and shipping of drugs
and study forms to the 14 original participating VA medical centers. Patient intake began
on October 10, 1986, and the first patient was randomized to the Titration Phase on No-
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vember 19, 1986. A fifteenth medical center (Dallas) joined the group 2 weeks later. The
study progressed relatively smoothly, although multiple site visits, special trouble shoot-
ing, and additional training sessions were required. Annual study group meetings were of
considerable value in maintaining the integrity of the study. The progress of the study
was continuously monitored by an internal executive committee, an external data monitor-
ing board that had the power to recommend to the chief of the program that the study be
stopped if necessary, and the central human rights committee. The patient intake period
ended on September 30, 1989, and the last patient completed follow-up on Septem-
ber 30, 1990. The first major manuscript (2–4) was published in the New England Journal
of Medicine on April 1, 1993. An additional 16 manuscripts based on this data set have
been published and at least three more are pending.

II. PRIMARY OBJECTIVE

The primary objective of this study was to determine the blood pressure lowering efficacy,
ability to maintain blood pressure control, and incidence of medical terminations of differ-
ent classes of antihypertensive agents used as single-drug therapy (monotherapy). The
six drug classes (and representative drug) selected were: β-adrenergic blocking agents
(atenolol), angiotensin converting enzyme inhibitors (captopril), central α2-agonists (clo-
nidine), calcium antagonists (diltiazem-SR), thiazide diuretics (hydrochlorothiazide), and
peripheral α1-blocking agents (prazosin).

III. SECONDARY OBJECTIVES

There were five secondary objectives:

1. To determine whether patient characteristics such as age, race, body weight,
serum and urinary electrolytes, and baseline plasma renin activity are associated
with response or nonresponse to various classes of antihypertensive agents, and
to formulate guidelines for the practicing physician to select a monotherapy
regimen likely to be successful in lowering blood pressure in a patient with a
given set of characteristics.

2. To determine the incidence of side and adverse effects for the different classes
of antihypertensive drugs.

3. To determine the short- and long-term effects of different classes of antihyper-
tensive drugs on selected cardiovascular or metabolic variables: (a) left ventricu-
lar function and thickness, (b) changes in serum lipids, (c) serum and urine
electrolytes, and (d) fasting glucose.

4. To evaluate those patients who do not achieve goal blood pressure with the
drug to which they were randomized by means of a pilot trial in which those
patients will be randomly assigned to treatment with an alternative single antihy-
pertensive agent.

5. To evaluate those patients who do not achieve goal blood pressure with either
the first or second assigned single antihypertensive drug in a pilot trial wherein
patients will be treated with a combination of the first and second antihyperten-
sive drug.
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IV. PRIOR HYPOTHESES

A. Stepped-Care Algorithm

Early randomized clinical trials in the United States and Europe established the concept
and utility of a stepped-care algorithm for treatment of hypertension (5). In general, pa-
tients were to be started on therapy with a thiazide diuretic. If the maximum drug dose
failed to control the blood pressure, a second drug (usually a sympatholytic such as reser-
pine) was to be added and titrated to effect. If this failed, a third drug (usually a vasodilator
such as hydralazine) was to be added and titrated to effect. Finally, guanethidine could
be added to the three other drugs, if necessary.

Although effective, this algorithm was criticized because of its rigidity, need to
titrate drugs to potential toxicity, and lack of firm basis in the physiology of hypertension.
As newer drugs, such as beta-blockers, peripheral selective alpha-blockers, angiotensin-
converting enzyme inhibitors, and calcium antagonists became available, clinical evidence
mounted supporting alternative regimes (6).

B. Age and Racial Differences in Response to Drug Therapy

At the time planning for the monotherapy study was initiated in the fall of 1984, the
VA Cooperative Study Group on Antihypertensive Agents had already demonstrated that
propranolol was an equivalent first-step agent to hydrochlorothiazide in white patients (7)
and captopril was an effective monotherapy in white patients with mild hypertension (8,
9). The group had also discovered that black (African-American) patients responded much
less well than whites to monotherapy with propranolol or captopril. Other extant data
indicated that younger and older patients responded differently to different drugs (10).

These observations led the group to test prospectively the efficacy of the different
classes of drugs in a sufficiently large group to observe the effect of patient characteristics
such as age, race, and the interaction of age and race on the response to these drugs.

C. Plasma Renin Profiling

Plasma renin activity was established by Laragh and colleagues (11) as an important physi-
ologic measure to determine the underlying mechanism of hypertension. Plasma renin
profiling was used by that group to classify patients with hypertension. They proposed
that plasma renin profiling be used routinely to help in the selection of antihypertensive
therapy. The VA Cooperative Study Group had determined that the plasma renin profile
did not accurately predict response to either hydrochlorothiazide or propranolol (12). We,
therefore, included baseline plasma renin profiles in this study to test the ability of the
profile to predict response to each of the six study drugs.

D. Adverse Metabolic Effects of Thiazide Diuretics

The metabolic effects of thiazide diuretics on plasma lipids, lipoproteins, potassium, and
glucose were known to be potentially harmful when high doses of the diuretics were
used for a short term (13). These metabolic perturbations were used as a reason by many
practitioners for avoiding the use of diuretics for the treatment of their hypertensive pa-
tients. We had an opportunity to test very low doses of hydrochlorothiazide over the long
term (1 to 2 years).
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E. Regression of Left Ventricular Hypertrophy

There was relatively little information available in human subjects on the effect of various
antihypertensive drugs on the regression of left ventricular hypertrophy (LVH). Animal
studies demonstrated regression of LVH with captopril (14), but it was thought that thia-
zide diuretics would not have a beneficial effect. We had an opportunity to establish base-
line left ventricular mass and posterior wall thickness by performing echocardiograms
and to determine change from baseline after short- and long-term treatment with the six
antihypertensive drugs.

F. Established Drug Doses

The prevailing practice at the time this study was designed was to use much larger doses
of antihypertensive medication than is the practice today. The VA Group had used as
much as 200 mg of hydrochlorothiazide daily and 640 mg of propranolol daily in an earlier
trial (7). Hydrochlorothiazide was generally used at 50 to 100 mg and atenolol at 50 to
100 mg daily. These doses of atenolol were associated with a significant incidence of
bradycardia. Although not a stated objective of this study, we decided to test 12.5 mg of
hydrochlorothiazide and 25 mg of atenolol as initial doses.

V. PROTOCOL

A. Entry and Baseline

All patients signed an informed consent document before entering the study. The study
protocol and consent form had been previously reviewed by a central human studies com-
mittee and the institutional review boards at each of the participating medical centers.
After considerable debate, a decision was made to include only men in the study because
of the very small number of women in the veteran population at the time.

This protocol did not require the imposition of rigorous nonpharmacological therapy.
Nevertheless, the study centers routinely counseled patients on limitation of sodium intake,
achieving ideal body weight, limiting ethanol intake, and not smoking. Patients were not
entered into the trial if they were in the process of making substantive lifestyle changes.

The basic design of this prospective, randomized, double-blind study is displayed
in Figure 1. Ambulatory veterans who met the inclusion criteria (Table 1) entered the 4-
to 8-week washout phase during which they received single-blind placebo tablets. Baseline
laboratory studies were performed during this period, as were electrocardiogram (ECG),
echocardiogram, plasma lipid and lipoprotein determinations, and plasma renin profile.
Patients who were compliant by pill count and who met the entry blood pressure (BP)
criteria (average of three readings on each of the last two visits) were randomly allocated
to double-blind treatment with one of the six drugs listed in Table 2 or placebo. The blind
was preserved by means of a double-dummy technique. Every patient received two bottles
of coded medication at each visit. One contained active drug and the other contained
placebo; those patients allocated to the placebo group were given placebo in both bottles.
The placebo pills or capsules were identical to the matching active drug.

B. Drug Titration and Subsequent Phases

Drug ordering, repackaging, and distribution were handled by the clinical research phar-
macist (Carol Fye) at the Cooperative Studies Program Clinical Research Pharmacy Coor-
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Fig. 1 Protocol and flow chart of the VA Monotherapy of Hypertension Study.

dinating Center in Albuquerque, New Mexico. She devised a method of packaging the
various blinded medications so that the risk of an error in distributing the correct drug or
drug dose was reduced almost to zero. She also acted as the liaison with the various
pharmaceutical companies and negotiated the donation of a specific drug with matching
placebo for each drug class. Neither the chairman of the study nor the clinicians involved
participated in this process.

Blinded medication was titrated over the 8- to 12-week titration phase to achieve
a goal BP of less than 90 mm Hg without adverse effects on two successive clinic visits.
Patients who achieved goal BP then entered a maintenance phase for up to 2 years. At
the end of the maintenance phase, patients were converted back to single-blind placebo
and were seen in 1 month.

To avoid a potential first-pass hypotensive response to prazosin, a blister pack with
a 2-week supply of prazosin (or matching placebo) was issued to the patient. The first
four doses were 1-mg tablets to be taken initially at bedtime and then twice daily. This
was followed by 2-mg tablets to be taken twice daily. Subsequent supplies of prazosin
or its placebo were issued in bottles, as were the other medications.

To avoid rebound hypertension from sudden discontinuation of clonidine, patients
who were taking the medium or high dose (or its placebo) were issued a 2-week blister
card that accomplished blinded down-titration and discontinuation over 1 week. No dis-
continuation protocol for atenolol was established because of its long half-life.

Patients who failed to achieve goal BP were entered into a pilot substudy. They
were randomly reassigned to one of the six active drugs. However, they could not be
reassigned to the same active drug that they had taken during the first phase. Patients who
achieved goal BP after titration with the second drug were deemed to have completed the
trial; they did not enter a maintenance phase. Those who failed to achieve goal BP on
the second drug were entered into a combination phase in which they continued to take
the active second drug, and the active first drug was carefully added. Patients who achieved
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Table 1 Inclusion and Exclusion Criteria Used at Screening

Inclusion criteria
Ambulatory male veteran who has passed his 21st birthday
Untreated diastolic BP 95–109 mm Hg or that BP after placebo washout
No exclusions
Signed informed consent

Exclusion criteria
Known hypersensitivity or reaction to any of the study drugs
History or current evidence of hypertensive retinopathy greater than K-W-B ii
History of cerebral or subarachnoid hemorrhage
Atherothrombotic stroke or myocardial infarction within 6 months of entry into this study
Symptomatic ischemic heart disease
Atrial fibrillation or any other cardiac dysrhythmia that would preclude accurate blood

pressure measurement or is indicative of serious underlying heart disease
History of congestive heart failure as evidenced by at least two of the following four criteria:

recent dyspnea or orthopnea not of pulmonary origin; ventricular diastolic gallop (S3); basal
pulmonary rales; evidence of congestive heart failure on chest X-ray

Bradycardia of �50 beats per min
Greater than first degree heart block
Serum creatinine �2.0 mg/dL
Collagen vascular disease other than rheumatoid arthritis
Surgically curable or other secondary forms of hypertension
Malignancies or other diseases likely to be fatal or disabling within 3 years
History or evidence of a nonsituational, clinically important mental depression confirmed by a

psychiatrist (or other organic/functional forms of mental dysfunction of a chronic type)
Drug abuse, severe alcohol abuse, or severe organic brain disease
Adult bronchial asthma, past or present, or chronic obstructive lung disease with wheezing
Diabetes mellitus requiring treatment with insulin
Hyperlipidemia with cholesterol �300 mg/dL in two separate blood samples after at least a

12-hour fast or of sufficient severity to require treatment with medication
When the physician believes that it is not clinically advisable to discontinue current

antihypertensive medication
Treatment with a drug or drugs that are contraindicated as concomitant medication for this

protocol, that are used by the patient on a chronic basis because of clinical reasons or
disease state, and from which the patient cannot be withdrawn

Failure of diastolic BP to rise to or above 95 mm Hg by 8 weeks after withdrawal from prior
antihypertensive medication

Diastolic BP is above 109 mm Hg
Systolic BP is above 199 mm Hg
Patient withdraws consent or fails to return for rescreening

Abbreviation: BP, blood pressure.

goal BP were deemed to have completed the study; those that failed were removed from
further participation.

C. Blood Pressure Determination and Definitions

All reported BP readings were the average of three determinations made with the patient
seated, his arm supported at heart level, his back supported in the chair, and after at least
a 5-minute rest. Clinic personnel were trained and tested in BP determination techniques
before the initiation of the trial. The inclusion BP was the screening BP and was required
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Table 2 Medications and Dose Titration for Monotherapy of
Hypertension Study*

Drug Low dose Medium dose High dose

Atenolol 25 50 100
Captopril 25 50 100
Clonidine 0.2 0.4 0.6
Diltiazem-SR 120 240 360
Hydrochlorothiazide 12.5 25 50
Prazosin 4 10 20

* All doses are given in milligrams. Drugs and doses in bold type were
administered in divided doses, twice daily.
Abbreviation: SR, the slow release preparation of diltiazem.

to be in the range of 95 to 109 mm Hg, inclusive. The baseline BP was the mean of the
BP averages at the last two visits of the prerandomization period. To qualify for random-
ization, the baseline BP had to be in the range of 95 to 109 mm Hg, and the two-visit
averages used to calculate the baseline BP could not differ by more than 6 mm Hg. Goal
BP was the mean of the averages of the last two visits of the titration phase being less
than 90 mm Hg. Treatment response was defined as having achieved goal BP during the
titration phase without adverse drug effects. Treatment success was defined as having a
treatment response and then maintaining BP of less than 95 mm Hg without adverse drug
effects until the end of the first year of the maintenance phase. It was permissible to titrate
the study drug to maximum dose during the maintenance phase, if necessary, to maintain
BP at less than 95 mm Hg.

D. Adverse Events Monitoring and Removal from the Study

Patients were monitored for adverse drug events by the clinic staff on each visit. They
used both a preprinted form that included known adverse effects associated with each of
the drugs and asked open-ended questions seeking new symptoms or changes since the
last visit.

Patients could be removed from the study for administrative reasons such as moving
to a new location, having a job that interfered with the clinic visits, or other personal
reasons for declining continued participation. The latter reason was scrutinized to be cer-
tain it was not a surrogate for dissatisfaction resulting from an adverse drug reaction. All
removals from the study that were not clearly administrative were deemed to be medical.
These were divided into adverse drug reactions, BP exceeding the defined safety limits,
and other medical reasons. Diastolic BP safety limits were an average of three readings
higher than 114 mm Hg at any one visit, average higher than 109 mm Hg at two consecu-
tive visits, or average higher than 99 mm Hg on three consecutive visits during the mainte-
nance phase. An average systolic BP higher than 199 mm Hg at any one visit required
removal.

Criteria for removing a patient from the study are listed in Table 3. Information
about all patients removed from the study was referred to the study chairman. He reviewed
the information while blinded to the randomly assigned drug and determined whether the
removal was for medical or administrative reasons. If medical, he then determined whether
the removal was for an adverse drug effect, BP above the safety limits, or other medical
reason. Whenever there was doubt, the decision was made against the blinded drug.
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Table 3 Criteria for Discontinuing Protocol Therapy

1. Severe adverse effects from a study drug.
2. Development of hypertensive retinopathy greater than K-W group II.
3. Development of cerebral or subarachnoid hemorrhage.
4. Development of atherothrombotic stroke or myocardial infarction.
5. Development of symptomatic ischemic heart disease.
6. Development of atrial fibrillation or any other cardiac dysrhythmia that would preclude

accurate blood pressure measurement or is indicative of serious underlying heart disease.
7. Development of congestive heart failure as evidenced by at least two of the following:

a. Dyspnea or orthopnea not of pulmonary origin.
b. Ventricular diastolic gallop (S3).
c. Basal pulmonary rales.
d. Evidence of congestive heart failure on chest X-ray.

8. Development of symptomatic bradycardia (�50 beats/min).
9. Development of greater than first degree heart block.

10. Serum creatinine greater than 2.0 mg/dL and 50% higher than baseline.
11. Development of collagen vascular disease other than rheumatoid arthritis.
12. Development of a malignancy or other disease likely to be fatal or disabling within 3 years.
13. Development of a nonsituational clinically important mental depression confirmed by a

psychiatrist (or other organic/functional forms of mental dysfunction of a chronic type).
14. Drug abuse, severe alcohol abuse, or development of severe organic brain disease.
15. Development of adult bronchial asthma or chronic obstructive lung disease with wheezing.
16. Development of diabetes mellitus that cannot be controlled without insulin.
17. Hyperlipidemia of sufficient severity to require treatment with medication.
18. Proteinuria greater than 1 g per 24 hours (determined from 24-hour urine sample).
19. Neutrophils less than 1000/cu mm (differential obtained when WBC is less than 5000/cu

mm).
20. Considered in the best interest of the patient by the investigator.
21. The patient cannot be withdrawn from a contraindicated concomitant medication.
22. Unrelated intercurrent illness that renders the patient unable to continue the study.
23. Interruption of treatment for more than 21 days.
24. Death.
25. Patient requests termination.
26. Patient moved, lost to follow-up for more than 1 month beyond the last scheduled visit, or

unreliable.
27. Diastolic BP greater than 114 mm Hg on any one visit.
28. Diastolic BP greater than 109 mm Hg on two consecutive visits.
29. Systolic BP greater than 199 mm Hg on any one visit.
30. Diastolic BP greater than 99 mm Hg on three consecutive visits during maintenance phase.
31. The patient displays moderate adverse effect and BP is above goal during maintenance

phase.
32. The patient displays moderate adverse effect on the lowest level of the study medication

during maintenance phase.

Abbreviations: WBC, white blood cell count; BP, blood pressure.
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E. Plasma Renin Profiling

Plasma renin profiling was accomplished by collecting an 8:00 AM blood sample from
the patient into a tube containing potassium-EDTA. The sample was centrifuged at room
temperature, the plasma carefully separated then quick frozen in a dry ice-acetone mixture.
The frozen samples were shipped to a central laboratory at the Boston VA Medical Center
(Dr. Hamburger). An aliquot from a contemporaneous 24-hour urine collection was frozen
and mailed to the same laboratory. Plasma renin activity was determined by a modification
of the Haber method (15). Plasma renin profile was determined by using a nomogram
distribution of plasma renin activity versus 24-hour urine sodium excretion. Urine sodium,
potassium, creatinine, and protein were measured in this central laboratory. Urine collec-
tions were made during the prerandomization phase, the initial titration phase, and at the
12- and 24-month visits in the maintenance phase.

F. Lipid and Lipoprotein Analysis

Blood was collected from patients for plasma lipid and lipoprotein profiles after they had
fasted for 14 hours. The blood was collected in a tube containing EDTA and the plasma
was separated. It was shipped chilled, but not frozen, to a central laboratory in Washing-
ton, D.C. (Dr. Lakshman). Samples were processed by techniques developed by the Na-
tional Institutes of Health and monitored with controls from the Centers for Disease
Control and Prevention quality control program (16). Samples were collected during the
prerandomization and initial titration phases and at 12 and 24 months in the maintenance
phase.

G. Echocardiograms

Echocardiograms (two-dimensional and M-mode) were performed on as many patients as
possible during the prerandomization phase. The tapes of the echocardiograms were sent
to a central laboratory in Washington, D.C. (Dr. Gottdiener) for blinded analysis. If a
baseline tracing could not be obtained, or if it were of unacceptable quality, no further
echocardiograms were performed on those patients. The analytical methodology is re-
ported in detail in the relevant publications (17, 18).

VI. SAMPLE SIZE ANALYSIS AND POWER ESTIMATES

Biostatisticians, particularly Domenic J. Reda and Dr. William G. Henderson, were in-
volved from the beginning and throughout the study. The conduct of the study was coordi-
nated through the Cooperative Studies Program Coordinating Center at the Hines, Illinois
Veterans Affairs Hospital. The center provided administrative, budgetary, biostatistical,
and data processing support.

Based on data from prior VA cooperative studies on hypertension, the planning
committee made the following assumptions. Under the null hypothesis, the percentage of
patients in each group remaining in the study after 1 year of maintenance and maintaining
BP control will be 25%. A spread of more than 15% (17.5% to 32.5%) across treatment
groups is clinically important. Similarly, the percentage of patients classified as treatment
responders in the titration A phase is expected to be 30%, with a spread of 15% (22.5%
to 37.5%) considered clinically important. The medical termination rate is expected to be
3% with a spread of more than 6% (0 to 6%) considered to be clinically important.
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For each outcome measure, the test of the null hypothesis will be a Chi-square test
of homogeneity for a 2 � 7 contingency table using α � 0.05 as the criterion for
statistical significance.

A method developed by Lachin (19) was used to estimate the sample size require-
ment.

N �
λ(µ, α, β)

τ

where λ is the noncentrality parameter of the Chi-square distribution with µ degrees of
freedom, probability (type I error) � α and probability (type II error) � β; and τ, the
effect size reduces to

τ �
1
r �δ2

i1/(α1(1 � α1))

where

α1 � marginal expectation of the first column under H0

r � number of rows
δ i1 � difference between the conditional expectations under H0 and H1 for the

cell in row i and column 1.

For the primary outcome measure, we considered three alternative hypotheses that
would satisfy the assumptions of the Planning Committee. We expressed the possible
percentage of patients completing 1 year of maintenance under each alternate hypothesis
and the corresponding effect size in the following table.

Percentage of patients in each treatment group maintaining BP
control after 1 year of maintenance

Alternate Effect
hypothesis size 1 2 3 4 5 6 7

A1 .026 .325 .325 .325 .250 .175 .175 .175
A2 .013 .325 .300 .275 .250 .225 .200 .175
A3 .009 .325 .250 .250 .250 .250 .250 .175

Based on prior studies, moderate variability in the treatment effects across randomized
groups (alternate hypothesis A2) was considered to be the most reasonable assumption.

The following table gives the treatment group percentages under the most reasonable
alternative hypothesis and the effect size for the two secondary outcome measures of the
primary objective.

Treatment group
Effect

Outcome measure size 1 2 3 4 5 6 7

Medical terminations .014 .00 .01 .02 .03 .04 .05 .06
Efficacy in titration

A phase .012 .225 .250 .275 .300 .325 .350 .375
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A sample size of 1400 randomized patients is estimated to provide power of 0.90
when alpha � .05 to detect the stated differences in the percentage of patients remaining
on the study after 1 year of maintenance and maintaining BP control. This sample size
also provided power of 0.88 for comparison of the goal BP rate during the titration phase
and power of 0.93 for comparison of medical termination rates.

Assuming a prerandomization exclusion rate of 10%, a phase A dropout rate of
10%, and a maintenance dropout rate of 17%, we expected the number of patients in each
phase of the study as shown in the following chart:

Main study
Enter study 1555
Excluded 155 (10%)
Randomized to titration A 1400 (90%)
Terminated 140 (10%)
Randomized to pilot study 840 (60%)
Advanced to maintenance 420 (30%)
Terminated 70 (17%)
Completed study 350 (83%)

Pilot study
Enter titration B phase 840
Terminated 84 (10%)
Achieved goal BP? 252 (30%)
Randomized to combination 504 (60%)
Terminated 50 (10%)
Completed combination 454 (90%)

To detect differences in titration A phase individual side effect rates, with the ex-
pected rate at 3% and a doubling of the rate considered to be clinically important, the
power calculation would be identical to that developed for the rate of medical terminations.
Therefore, with alpha � .05 and the sample size � 1400, the power would be .93.

In maintenance, if the expected rate of an individual side effect is 5%, and a doubling
of the rate is considered clinically important, setting alpha � .05 and the expected sample
size � 420 (30% of randomized patients entering maintenance) would yield a power of
.70 to detect such differences. If the entry rate to maintenance is 40%, that is, 560 patients
achieve goal BP in titration A, the power would increase to .85.

VII. ELIGIBILITY CRITERIA

Table 1 displays the inclusion and exclusion criteria that were applied at the time of
screening patients for this study.

VIII. MAIN RESULTS

Of the 1635 patients who entered this study, we successfully randomized 1292 to one of
the seven treatment groups (2–4). The four age by race groups were younger whites (n
� 246; mean � SD; age 51 � 7 years), younger blacks (n � 291; age 49 � 9), older
whites (n � 408; age 66 � 4), and older blacks (n � 330; age 66 � 4). Younger was
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defined as less than age 60. Observed response rates to monotherapy were much higher
than expected, averaging nearly 60% compared with the anticipated 30%. There were
significant differences in the percentage of patients achieving goal BP at the end of the
titration phase with each drug. For the overall group, diltiazem was highest with 75% (n
� 185); placebo was lowest at 33% (n � 187). There were also significant differences
in the achievement of goal BP and actual reduction in BP for each drug in the age by
race subgroups. The more clinically important changes were in those 745 patients who
achieved goal BP and entered the maintenance phase. Of these, 145 withdrew during the
first year of maintenance and 65 thereafter.

Their results at the end of 1 year of maintenance are presented in Figure 2. Note
that these are the corrected figures and are somewhat different from those originally pub-
lished. While reviewing the database for another paper, we discovered that an error had
been made in one line of computer code. When this error was corrected (3, 4) the mainte-
nance data actually improved, although there were some minor hierarchical changes. Only
the maintenance data were effected. In brief, younger and older blacks responded best to
diltiazem, younger whites responded best to atenolol and captopril (and poorly to hydro-
chlorothiazide), and older whites responded well across the drug groups. Although the

Fig. 2 Percent success for each of the age by race subgroups in the VA Monotherapy of Hyperten-
sion Study. Success was defined as having achieved goal diastolic blood pressure (�90 mm Hg
without adverse effects) for two consecutive visits at the end of the titration period and having
diastolic blood pressure �95 mm Hg through 1 year of the maintenance period. Younger was defined
as �60 years old. Abbreviations: ATEN, atenolol; CAPT, captopril; CLON, clonidine; DILT, diltia-
zem-SR; HCTZ, hydrochlorothiazide; PLAC, placebo; PRAZ, prazosin. The horizontal arrows group
the drugs whose effects do not differ from each other by �15%. (From Ref. 4, used with permission.)
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success rate with clonidine was high, we did not list that drug as a first-line choice because
of the high incidence of adverse effects.

There were differences in the dose level at which response was achieved (Fig. 3).
For hydrochlorothiazide, 48 of 107 responders (45%) responded at 12.5 mg; 49% of re-
sponders to atenolol did so at the 25-mg dose, but captopril and diltiazem tended to require
the full dose for about one third of the responders.

Withdrawals for adverse drug effects were highest for prazosin (13.8%), followed
by clonidine (10.1%), diltiazem (6.5%), placebo (6.4%), captopril (4.8%), atenolol (2.2%),
and hydrochlorothiazide (1.1%). It is noteworthy that the two drug classes recommended
as first-line choices in the absence of special indications by the sixth report of the Joint
National Committee (JNC VI) (20) had the lowest withdrawal rate. There were also differ-
ences in drug-induced withdrawal in the age by race subgroups. Prazosin (15.2%) was
highest among the younger whites compared with hydrochlorothiazide (2.9%) and capto-
pril (2.6%). Prazosin (19.0%) and clonidine (16.7%) were the highest in older whites
compared with atenolol and hydrochlorothiazide (both 1.7%). The highest withdrawal
rates in older blacks were for diltiazem (12.2%) and prazosin (11.3%), even though diltia-
zem was the most effective. The highest withdrawal rate in younger blacks was for placebo
(6.8%).

There was also a drug differentiation for discontinuation because the BP safety limits
were exceeded. These were highest for placebo (7.5%), followed by captopril (6.1%),
hydrochlorothiazide (4.6%), atenolol (3.7%), clonidine (3.1%), prazosin (1.9%), and none
for diltiazem.

In summary, this study demonstrated that age by race interaction was a valid pre-
dictor of response to a single drug used for treatment of stage 1–2 hypertension. It further

Fig. 3 Percentage of patients who achieved goal diastolic blood pressure (�90 mm Hg on the
last two visits of the titration period without adverse drug effects) on the low, medium, and high
dose of each drug. The dose schedule is displayed in Table 2. The abbreviations are the same as
in Figure 2. Patients who received hydrochlorothiazide, atenolol, clonidine, and prazosin tended to
respond to the low dose, whereas captopril, diltiazem, and placebo required the high dose. (From
Ref. 2.)
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validated the efficacy of 12.5 mg of hydrochlorothiazide and 25 mg of atenolol as initial
doses.

IX. SECONDARY RESULTS

A. Response to Alternate Monotherapy

Of the 1292 patients randomized to monotherapy, 745 (57.7%) achieved goal BP and
entered the maintenance phase, 137 were removed from the study for a variety of reasons,
and 410 failed to respond to the initial drug. These patients were then placed on single-
blind placebo and followed up every 2 weeks for a maximum of 8 weeks until their BP
rose to baseline levels or they exceeded the BP safety limits (21). Fifty-eight of these
patients were removed from the study during washout and the remaining 352 were ran-
domly allocated to an alternate active single drug. Placebo was not permitted in this phase
for safety and ethical reasons.

The response rate was surprisingly high—49.1%—in a group of patients who were
selected by having failed initial monotherapy. The overall drug results are displayed in
Figure 4. With the exception of atenolol and captopril, all sequential responses were within
10% of the initial response. Black (46.4%) and white (54.0%) patients had a similar re-
sponse, but younger patients (37.6%) did not respond as well to the random second mono-
therapy as did the older patients (58.5%). Adverse effects were remarkably low.

The importance of this study was that it validated the concept of sequential mono-
therapy as a possible alternative to stepped-care. It also demonstrated that there is no
important disadvantage to being exposed to a different second monotherapy when the first
effort has failed.

B. Combination Phase

Of the 179 patients who either failed to respond to the second monotherapy or dropped
out of the study, 102 were eligible for the combination phase (22). There was no placebo

Fig. 4 Percentage response (diastolic blood pressure �90 mm Hg at the end of the titration period)
achieved by each of the initial drugs compared with that achieved by each of the sequential single
drugs. All of the patients who received the sequential drug had failed to achieve a response to an
initial drug. Abbreviations are the same as in Figure 2. (From Ref. 21, with permission.)
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washout period. The first drug was carefully added to the second drug until goal BP was
achieved by 59 (57.8%) of this group. When these responders were added to those from
the first and second monotherapy trials, 82.8% of the original 1105 patients exposed to
active treatment responded (intention to treat).

There were 15 combination pairs with n � 2 to 14. Almost all combinations pro-
duced at least an additive effect compared with the results with either monotherapy. Ateno-
lol plus captopril was the least effective (�3.7/�9.0 mm Hg). Combinations that included
hydrochlorothiazide were more effective than those that did not. The response rate with
hydrochlorothiazide was 77% systolic and 69% diastolic compared with that without hy-
drochlorothiazide: 46% systolic (p � 0.002) and 51% diastolic (p � 0.067). The effect
was greater for systolic pressure (�22.4 � 10.4 vs �17.8 � 19.3 mm Hg) than for dia-
stolic pressure (�14.1 � 6.6 vs �13.6 � 9.1 mm Hg).

Because of the higher than expected response rates in the initial and alternate mono-
therapy phases, the number of patients entering the combination phase was much less
than expected. Thus, it was difficult to make comparisons among individual combinations
or to report results by age–race subgroup.

C. Lessons from Combination Therapy

In the above analysis of combination therapy, we ignored the order in which the drugs
were given and did not provide a detailed age-by-race analysis for each combination. We
subsequently posed the question as to whether there is an ordering effect (23, 24). We
found two types. In the first type, there were different results for each drug in the pair,
but the result of the combination was the same regardless of which drug was administered
first. For example, prazosin had only a 6% response rate in patients who had not achieved
a response with diltiazem as the initial drug, diltiazem had a 22% response rate in patients
who had not achieved goal blood pressure on prazosin, but the combinations yielded the
same total responses (86% and 84%) regardless of order. The second type of ordering
effect produced a different end result of the combination. For example, captopril plus
diltiazem had an 88% response rate compared with diltiazem plus captopril (97%). No
ordering effects were observed in combinations in which one of the drugs was either
hydrochlorothiazide or prazosin. We published a detailed analysis of each combination
order (n � 30) by race and by age group; the numbers were too small to consider age by
race interaction. There were ordering differences in each subset, but it is difficult to project
these to an overall population based on the small sample size.

D. Proteinuria

We had the opportunity to perform 24-hour urine collections on all patients in this study.
Of the 1635 patients with hypertension who entered the study, 27 (1.7%) were found to
have proteinuria higher than 1000 mg/day (25). We were able to obtain follow-up informa-
tion on 19 of these patients and found six with identifiable renal disease. One had focal
segmental sclerosis and went on to end-stage renal failure; three had type II diabetes
mellitus, one had asymptomatic renal calcifications, and one had asymptomatic proteinuria
that was not further characterized. Five of the 19 patients developed serum creatinine
above 3.5 mg/dl, but the rest remained below 2.0 mg/dl over the 6 to 9 years of follow-
up. There were significant associations between proteinuria and obesity (P � 0.02) and
higher systolic blood pressure (P � 0.05).

A very important observation was that there were no significant changes in urinary
protein excretion within or between the drugs, including placebo. Specifically, there was
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no increase observed with captopril. Of 18 patients removed from the study because of
new onset of proteinuria, four had been taking hydrochlorothiazide, three each placebo,
diltiazem SR, and prazosin, two each clonidine and atenolol, and one captopril.

An important conclusion of this study was that there were no data to support the
contention that captopril was associated either with an increase in urinary protein excretion
or the de novo development of proteinuria.

E. Importance of Obesity, Age, and Race for LVH

The subset of patients from whom echocardiographic studies were obtained provided a
substantial database for a series of secondary studies. M-mode and 2-D tracings were
obtained in the participating medical centers and sent to the central laboratory in Washing-
ton (Dr. John Gottdiener) where they were processed blind to drug and demographic infor-
mation. Calculations were made using both the American Society of Echocardiography
(ASE) and Cornell-Penn conventions to avoid controversy. The Framingham method of
indexing to body height rather than body surface area was also used. Inter- and intraob-
server variation was low. The database for the first observational study (17) was 692 men
whose blood pressure averaged 153/100 mm Hg at baseline. The overall acquisition rate
was 72%, and the proportion of technically acceptable studies was 75%.

Left ventricular hypertrophy was prevalent: 63% by Framingham and 46% by Cor-
nell criteria, but it was not more prevalent in blacks than whites. This was in contrast to
ECG criteria by which LVH was present in 31% of blacks and 10% of whites. The most
striking correlation of LVH was with body mass index (r � 0.329; P � 0.0001); it was
weaker with systolic blood pressure (r � 0.186; P � 0.0001). As seen in Figure 5, obesity
magnifies the relationship between systolic blood pressure and LVH.

F. Differential Drug Effects on Regression of LVH

Observation of the effects of the individual drugs on regression of LVH provided the basis
for a seminal publication (26). There were 93 to 100 analyzed echocardiograms in each
drug class at baseline, 61 to 73 at 8 weeks, and 28 to 52 at 1 year. Regression of established
LVH had been observed with most antihypertensive drugs when a short-term (4 to 8
weeks) ‘‘snapshot’’ was used. This was true in our study as well. All drugs showed at
least some reduction in LV mass at 8 weeks in the highest tertile (�350 g at baseline),
although diltiazem (�48 g) and prazosin (�54 g) were significantly greater than the other
drugs. The picture was different, however, at 1 year. The greatest regression of LV mass
in the highest tertile was effected by hydrochlorothiazide (�66 g), followed by captopril
(�45 g) and atenolol (�37 g), whereas prazosin showed no change (�1 g), clonidine
�13 g, and diltiazem �21 g. The changes for each of the tertiles by drug at 1 year are
depicted in Figure 6.

These findings are significant in that they suggest a possible mechanism for the
documented beneficial effect of hydrochlorothiazide on cardiac morbidity and mortality
in hypertensive patients.

G. Left Atrial Size: Obesity, Race, and Age

Our echocardiographic studies permitted observations on the left atrium in addition to
those on the left ventricle (18). Similar to the observations on the left ventricle, this study
demonstrated a strong positive relationship between increasing body mass and left atrial



Fig. 5 Effect of obesity on relation between systolic blood pressure and left ventricular (LV)
mass. Body weight categories are normal for body mass index (BMI) �27 kg/m2, overweight for
BMI 27 to 30 kg/m2, obese for BMI �30 kg/m2. (From Ref. 17, with permission.)

Fig. 6 Change in left ventricular (LV) mass from baseline values with single-drug therapy at 1
year by pretreatment LV mass tertile. For highest tertile of pretreatment LV mass, significant reduc-
tions were seen for hydrochlorothiazide, captopril, and atenolol. For lowest tertile, increases were
associated with diltiazem. *P � .05, †P � .01, ‡P � .001 vs baseline. (From Ref. 25, with permis-
sion.)
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size. Left ventricular mass did not correlate with left atrial mass in normal-weight men,
but there was a positive correlation in obese patients. In addition, older white men were
found to have greater left atrial size than older black men. These findings are of signifi-
cance because of the relationship of increased left atrial size with the incidence of atrial
fibrillation and embolic stroke.

H. Regression of Left Atrial Size

Our large echocardiographic database allowed us to analyze the effect of the six antihyper-
tensive drugs on the size of the left atrium, analogous to the study on regression of LV
hypertrophy (27). The results, unadjusted for covariates, at 8 weeks, one year and two
years are depicted in Figure 7. As with LVH, the best results were seen with hydrochloro-
thiazide. The data were then adjusted for covariates and the group was stratified by normal
or enlarged left atrial size at baseline. In the normal baseline group, only hydrochlorothia-
zide effected a reduction in left atrial size. In the abnormal group (Fig. 8), left atrial size
diminished significantly from baseline with hydrochlorothiazide, atenolol, clonidine, and
diltiazem at 1 year and for all treatments at 2 years. At 2 years, the reduction effected by
hydrochlorothiazide was significantly greater from that effected by captopril and prazosin.
There are no data as yet that specifically demonstrate that reduction of left atrial size
decreases morbidity and mortality. Nevertheless, such reduction should remove a clinically
important risk factor for atrial fibrillation and embolic stroke. Furthermore, the reduction
in left atrial hypertrophy most likely occurs pari passu with regression of LVH.

I. Systolic Function

The echocardiographic database allowed Sadler and colleagues (28) to investigate systolic
function in hypertensive patients with concentric remodeling (normal LV mass index with
high ratio of wall thickness to LV cavity radius). Controls were hypertensive patients with
normal geometry. They demonstrated that 28% of the patients with concentric remodeling
fell below the 95% confidence interval (CI) for controls for the regression of percent
endocardial fractional shortening versus circumferential stress. A similar regression of
percent midwall fractional shortening against circumferential stress showed that 42% of
the patients with concentric remodeling fell below the 95% CI for hypertensive patients
with normal geometry. Obesity did not influence these relationships. The data indicate
that it is the increased relative wall thickness (RWT) rather than hypertrophy, per se, that
accounts for decreased systolic function in these patients.

J. Plasma Lipid and Lipoprotein Profiles: Racial Differences

Studies from our central lipid laboratory (Dr. Raj Lakshman) yielded two major publica-
tions. The first of these looked at the effect of race, age, obesity, blood pressure, smoking
and drinking history on baseline (off antihypertensive medications), fractionated plasma
lipids, and lipoproteins (29). Table 4 shows the racial differences at baseline. Black pa-
tients had a lower cardiovascular risk profile based on these data than did whites. Triglycer-
ides decreased whereas high-density lipoprotein (HDL) cholesterol and HDL subtypes
increased with age. High-density lipoprotein, HDL subclasses, and apolipoprotein A1 in-
creased significantly with increasing alcohol consumption. Increased HDL2 had not been
known to be an effect of alcohol consumption. Such an increase would add a cardioprotec-
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Fig. 7 Left ventricular (LV) mass changes over time adjusted for patient covariates. For the lowest
tertile of baseline LV mass, prazosin (PRAZ), clonidine (CLON), and diltiazem-SR (DILT) were
associated with significant increase of LV mass over 1 year. For the highest tertile of baseline LV
mass, hydrochlorothiazide (HCTZ), captopril (CAPT), and atenolol (ATEN) are associated with
significant reductions in LV mass. An asterisk denotes statistically significant differences from base-
line. (From Ref. 25, with permission.)



Fig. 8 Serial changes in left atrial size during 2 years of treatment, unadjusted for effects of
covariates. Only hydrochlorothiazide was associated with statistically significant decreases in left
atrial size from baseline at all three measurement intervals. Atenolol was associated with significant
increase in left atrial size at 8 weeks and a trend toward decrease in left atrial size at 1 and 2 years.
*P � 0.05; **P � 0.002. (From Ref. 26, with permission.)

Table 4 Racial Differences in Plasma Lipid and Lipoprotein
Profiles*

Racial
Plasma Whites Blacks difference

Component (n � 622) (n � 594) (P value)
Tryglycerides 153 � 103 116 � 100 �0.001
Total cholesterol 205 � 37 204 � 37 0.547
LDL cholesterol 130 � 36 130 � 38 0.788
HDL cholesterol 45 � 11 52 � 14 �0.001
HDL2 cholesterol 11 � 8 15 � 11 �0.001
Apo A1 112 � 23 121 � 29 �0.001
Apo B 77 � 19 75 � 21 0.069
HDL/LDL 0.40 � 0.38 0.47 � 0.61 0.018
HDL2/LDL 0.11 � 0.24 0.15 � 0.37 0.031
HDL2/HDL3 0.34 � 0.35 0.41 � 0.32 �0.001
HDL/TC 0.23 � 0.07 0.26 � 0.09 �0.001
Apo A1/Apo B 1.55 � 0.52 1.79 � 1.97 �0.001

* Concentration (mg/100 mL).
After an initial washout period of 4 weeks, plasma lipids and lipoproteins
were determined in the plasma samples of the indicated number of veterans.
Values are expressed as mean � SD.
Abbreviations: Apo, apolipoprotein; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; TC, total cholesterol.
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tive effect. Increasing obesity weakened the beneficial effects of alcohol on these lipids.
Therefore, not only does obesity correlate with higher cardiovascular risk from its negative
effect on plasma lipids and lipoproteins, but it also truncates any beneficial effect of moder-
ate alcohol consumption.

K. Differential Drug Effects on Plasma Lipids and Lipoproteins
Profiles

We had the opportunity to compare the effects of each of the six antihypertensive mono-
therapies on plasma lipids and lipoprotein profiles over time (30). Most earlier studies
that had demonstrated an adverse effect (increasing cardiovascular risk profile) of diuretics
and beta-blockers used high drug doses and reported a short-term cross-sectional profile.
In this landmark study, the expected adverse response to hydrochlorothiazide was seen
at 8 weeks only in nonresponders but not at 8 weeks or at 1 year in responders to hydro-
chlorothiazide. No long-term adverse lipid effects were seen with atenolol. Indeed, none
of the six drugs showed a long-term adverse effect on plasma lipids or lipoprotein profile.

L. Age by Race Subgroup versus Plasma Renin Profile to Predict
Response to Monotherapy

Our main results had demonstrated that the age by race interaction was a valid means of
predicting the response to antihypertensive monotherapy. Plasma renin profiling is another
method that can be used to select an initial drug. We had also performed plasma renin
profiles on each of our study patients so that we were able to compare the two methods
(31). In a logistic regression analysis, baseline diastolic blood pressure had the largest
effect (stage 1 hypertension was more predictive for response to monotherapy than stage
2), followed by the age by race interaction. The addition of plasma renin profiling did
not further contribute. The age by race interaction was somewhat superior to plasma renin
profiling and, of course, is without cost.

M. Effects of Antihypertensive Drugs on Heart Rate Changes

Another inexpensive but often ignored physical parameter is the heart rate (32). Palatini
and Julius (33) have called attention to the multitude of associations high heart rate has
with hypertension and other cardiovascular risk factors. We evaluated the heart rate
changes associated with each of the six drugs and placebo over 2 years. In general, heart
rate changes from baseline to the end of titration tended to persist over the 2 years of
observation, although there were further slight decreases for hydrochlorothiazide and pla-
cebo (Fig. 9). When the baseline heart rates were classified by the Framingham heart rate
quartiles, all drugs except atenolol effected a slight increase in the lowest heart rate
quartile, and all drugs decreased the heart rate in the highest quartile (Fig. 10). We vali-
dated the clinical data with a subset of heart rates determined from electrocardiograms
taken at those same time periods.

N. Resistance to Antihypertensive Therapy in the Stroke Belt

Six of the 15 VA Medical Centers that participated in this study were located in or near
the Stroke Belt, an area of the southeast United States that has a disproportionately higher
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Fig. 9 Estimated changes in left atrial size during 2 years of treatment, adjusted for effects of
covariates. For patients with enlarged left atrial size at baseline, reduction in left atrial size at 2
years with hydrochlorothiazide was significantly different from captopril and prazosin. Compared
with baseline, left atrial size decreased significantly with hydrochlorothiazide, atenolol, clonidine,
and diltiazem at 1 year and for all treatments at 2 years. (From Ref. 26, with permission.)

Fig. 10 Changes in heart rate (beats per minute) at end-titration, 1 year, and 2 years for each of
the six active drugs and placebo. Abbreviations are the same as in Figure 2.
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rate of stroke than the rest of the country. Cushman et al. (34) compared the demographic
data from patients within and outside of the Stroke Belt.

Independent of race, Stroke Belt patients were younger, had lower serum potassium,
urine potassium excretion, alcohol intake, and plasma renin activity, and higher blood
pressure, body mass index, heart rate, and left ventricular mass. Patients residing in the
Stroke Belt were less likely to achieve treatment success at 1 year than those outside the
Stroke Belt (49% vs 65%). There were numerous drug differences based on race and
geographic location. For example, black patients in the Stroke Belt responded less to
captopril, compared with the nearly equal response of white patients in the Stroke Belt
and both races out of the Stroke Belt.

O. Placebo Response

We had the opportunity to evaluate the ‘‘therapeutic’’ response to blinded placebo in this
trial as well as adverse drug effects attributed to the placebo (35). The placebo response
was particularly high in the older white group. Discontinuations from the trial resulting
from perceived adverse drug reaction from patients randomly allocated to placebo were
at the median of the seven treatment regimens. Prazosin, clonidine, and diltiazem were
higher, whereas captopril, atenolol, and hydrochlorothiazide were lower.

X. DISCUSSION

A. Why Was the Trial Done?

Please refer to the Introduction and Prior Hypothesis sections above.

B. What Questions Was It Designed to Answer in Context
of the Times in Which It Was Performed?

Please refer to the Prior Hypothesis section above.

C. How Has This Trial Influenced or Failed to Influence Clinical
Practice?

To the best of our knowledge, there have been no systematic attempts to evaluate the
specific impact of this study on clinical practice. There was considerable media publicity
regarding the initial blood pressure findings of this study. A number of slide sets and other
educational materials were generated and sent to community and academic physicians.
Many symposia, lectures, and conferences both at the community and academic/scientific
level were conducted. It is possible that the favorable findings of this study regarding
diltiazem effects on blood pressure control contributed to the increase in use of calcium
antagonists. It is also possible that the less favorable results for hydrochlorothiazide in
blood pressure control of younger whites contributed to the further decline in the use of
thiazide diuretics in hypertension. Nevertheless, studies suggest that physician prescribing
habits have not been greatly influenced by the recommendations of the Joint National
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Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.
It would be rather presumptuous, given the lack of evidence, to assume that the VA Mono-
therapy of Hypertension Study had a greater influence on the selection of initial drug
therapy in stage 1 hypertension.

XI. DESCRIPTION AND ANALYSIS

A. Strengths

The major strengths of this VA Cooperative Study are the rigor with which it was con-
ducted and analyzed, the large database generated, and the freedom from outside inter-
ference.

The biostatistical support center at Hines VA Hospital near Chicago was involved
from the inception and throughout the analysis, writing, and publication of all papers that
derived from the study. A central cooperative studies evaluation committee reviewed the
study. The initial protocol had to achieve a sufficiently high scientific rank from this
independent review committee to be funded for planning. The planning involved the statis-
ticians and physician experts in hypertension and conduct of clinical trials. A research
pharmacist also participated in the planning. She ultimately designed the double-dummy
blinding scheme, and solved the formidable packaging and shipping logistics. She pro-
vided a buffer between the pharmaceutical companies that agreed to donate study drug
and matching placebo and those responsible for the operation of the study protocol. The
study was monitored in many ways. The various local and central institutional review
boards met periodically; the central board reviewed study safety data and interviewed
randomly selected patients to be certain there were no human rights violations. The data
monitoring board had full access to all data and was responsible for recommending that
the study could continue. Executive and study group committees also met for problem-
solving and training purposes. Problem-solving visits were made to the study sites when
required.

Of course, one of the major advantages was to be able to assemble 15 experienced
local groups that could follow an identical protocol and operate in medical centers that
were very much alike despite their individual characteristics. This permitted the acquisition
of a sample size sufficiently robust to address the study objectives adequately.

The VA Cooperative Studies are free from commercial influence. All data are col-
lected in the clinics and sent directly to the biostatistical support center. All data analysis
is performed there and the blind is maintained. Decisions on publication of data are made
by the executive committee and do not require the approval of a sponsor.

B. Weaknesses

The major potential weakness for a VA study is that it might not be generalizable to the
population at large. This was particularly worrisome in that no women were included in
the trial. Nevertheless, data from other VA studies have proven to be generalizable and
other studies seem to support the results of this trial. We are not aware of any data that
show a gender difference in response to specific medications. Indeed, extant data suggest
the opposite conclusion.

The two racial groups were white Americans and black African-Americans. Blacks
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from the Caribbean, Central and South America, and Africa were not represented and no
conclusions can be drawn about their antihypertensive monotherapy response from this
study. Only 17 Asians were included in the study, certainly not a sufficient database for
conclusions. Our largest Hispanic group was Puerto Rican. There are large cultural differ-
ences between Spanish-speaking peoples of different nationalities, so we cannot extrapo-
late these data to all people designated as Hispanic.

A study of this type is not a replica of a community-based office practice. All of the
patients were seen in a hospital-based ambulatory clinic that was devoted to hypertension
screening, treatment, and research. Patients were selected for specific criteria, including
the ability to cooperate fully in the trial. Compliance with the protocol was assessed by
pill counts and other determinations of reliability. Before randomization, patients who
were not fully compliant were reinstructed and, if still noncompliant, were removed from
the study. Nevertheless, one of the goals of the VA study group was to provide data to
practicing physicians, and past studies have done that very well.

The study was not in any way designed to provide information on morbidity or
mortality related to the six drug classes or placebo. A mortality study would have required
a much larger sample size and would have been difficult to conduct even within a large
health care system such as the VA. However, Antihypertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial (ALLHAT) is such a study in progress. Two members
of the VA Cooperative Study Group on antihypertensive agents were advisors to the
ALLHAT planning committee, and one is coordinating the numerous VA medical cen-
ters that are participating in ALLHAT.

Finally, this study was not designed to provide new information into physiological
mechanisms. Such studies generally need to be focused on the specific mechanistic hypoth-
esis and can usually be performed using a much smaller sample size.

C. What Did This Study Accomplish?

This study demonstrated that the practicing physician can make a rational first choice of
a single drug to treat stage 1–2 hypertension based only on the patient’s age and race.
No special laboratory studies are necessary.

Hydrochlorothiazide 12.5 mg and atenolol 25 mg are rational first-step doses for
monotherapy. These lower doses have a reasonable chance of therapeutic success and are
associated with fewer adverse effects.

Hydrochlorothiazide effects regression of established left ventricular hypertrophy
without loss of left ventricular function. Furthermore, it effects regression of left atrial
hypertrophy.

Hydrochlorothiazide does not perturb serum lipids or lipoproteins to any clinically
important degree.

Hydrochlorothiazide greatly enhanced the therapeutic efficacy of nondiuretic drugs.
Combinations that included hydrochlorothiazide tended to be more efficacious than the
combination of two nondiuretic drugs.

Captopril was not associated with new-onset proteinuria in this study.

D. What Did This Study Fail to Accomplish?

This study was not designed as a morbidity or mortality trial, and we cannot make any
statement about either potential beneficial or harmful effect on cardiovascular risk.
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We did not fulfill our goal of having a multifactorial algorithm for selection of the
initial antihypertensive drug. The most powerful factor was the baseline blood pressure;
the target audience is the group with stage 1 hypertension. Age and race together are the
next most powerful factors. No other demographic factor added further discrimination to
the system.

Despite the robust database, the number of subjects was not large enough to allow
us to drill down to even greater levels of detail.

XII. CONCLUDING COMMENTS

The Cooperative Studies Program of the Department of Veterans Affairs Medical Research
Service was able to sponsor this highly productive study for about $3 million. It has
generated new data on the predictive value of the age by race interaction, lower drug
doses and the improved safety of those lower doses, and unexpected benefits in terms of
regression of left ventricular and left atrial hypertrophy. The database generated is still
open to further analysis as the participating investigators and their colleagues invent new
relevant questions to pose. The data-generating phase of this study has long ended, but
the analysis and interpretation phase still has a long way to go.
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I. INTRODUCTION

By 1988, several major outcome trials on antihypertensive drug treatment had been pub-
lished (1–5). However, at that time, the findings in the elderly still left a wide margin of
uncertainty as evidenced by the borderline significance of the effects of therapy on fatal
endpoints (6). Indeed, the results of the early trials (1–5) demonstrated that antihyperten-
sive drug treatment reduced all cardiovascular deaths by 28% (P � 0.02) and stroke mor-
tality by 41% (P � 0.03), whereas the decreases in coronary (�28%; P � 0.14) and all-
cause mortality (�14%; P � 0.07) had not reached statistical significance (6). Further-
more, until 1988, all outcome trials in hypertension had used diastolic blood pressure as
the main criterion to recruit patients and to adjust treatment. This contrasted with the growing
insight gained from many cross-sectional and longitudinal studies, that in older patients
systolic blood pressure is the main cardiovascular risk factor, whereas diastolic blood pres-
sure is no risk factor or may even be inversely correlated with cardiovascular outcome (7).
In addition, the prevalence of isolated systolic hypertension rises curvilinearly with age. It
averages 8% in sexagenarians and exceeds 25% beyond 80 years (7). Thus, isolated systolic
hypertension affects a considerable proportion of all older individuals.

Against this background, in 1989, the European Working Party on High Blood Pres-
sure in the Elderly started the placebo-controlled double-blind Syst-Eur (Systolic Hyper-
tension in Europe) trial (8). Active treatment was initiated with the dihydropyridine cal-
cium-channel blocker nitrendipine (9) with the possible addition of enalapril,
hydrochlorothiazide, or both. In 1991 the Systolic Hypertension in the Elderly (SHEP)
trial demonstrated that diuretic-based treatment prevented nonfatal stroke, myocardial in-
farction, and heart failure (10). In view of the remaining uncertainties with regard to the
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Table 1 Study Endpoints

Endpoint Type

Fatal and nonfatal cardiovascular endpoints Secondary
Fatal and nonfatal stroke Primary
Keith-Wagener stage III–IV retinopathy Secondary
Fatal and nonfatal cardiac endpoints Secondary

Sudden death Secondary
Fatal and nonfatal myocardial infarction Secondary
Fatal and nonfatal heart failure Secondary

Dissecting aortic aneurysm Secondary
Renal insufficiency Secondary

treatment of isolated systolic hypertension in the elderly (11–15), the Syst-Eur trial contin-
ued after the publication of the SHEP results (10). Furthermore, the controversy on the
role of calcium-channel blockers as first-line antihypertensive agents (16–19) highlighted
the lack of evidence that these drugs reduce cardiovascular risk.

The primary hypothesis tested was that in older patients with isolated systolic hyper-
tension, active treatment would reduce fatal and nonfatal stroke (Table 1). The secondary
endpoints included total and cardiovascular mortality, all cardiovascular endpoints, and
fatal and nonfatal cardiac endpoints. This review article reports the morbidity and mortality
results in the 4695 randomized Syst-Eur patients. The trial stopped on February 14, 1997
after the second of four planned interim analyses. According to the predefined stopping
rules, a significant benefit for stroke—the primary endpoint of the trial (8)—had been
reached.

II. PROTOCOL

A. Study Design

The protocol of the multicenter Syst-Eur trial (8) was approved by the ethics committees
of the University of Leuven and the participating centers. The trial was conducted ac-
cording to the principles outlined in the Helsinki declaration (20).

Patients were recruited from 198 centers in 23 countries across western and eastern
Europe. Each center kept a register of screened patients. Patients were eligible (a) if they
were at least 60 years old, (b) if on single-blind placebo treatment during the run-in phase
their sitting systolic blood pressure ranged from 160 to 219 mm Hg with diastolic blood
pressure below 95 mm Hg, (c) if their standing systolic pressure was 140 mm Hg or more,
(d) if they consented to be enrolled, and (e) if long-term follow-up was possible (Table
2). The blood pressure criteria for entry were based on the averages of six sitting and six
standing readings, that is, two in each position at three baseline visits 1 month apart.
Patients could not be enrolled (Table 2) if the systolic hypertension was caused by a
condition for which specific medical or surgical treatment was indicated. The other exclu-
sion criteria included: retinal hemorrhage or papilledema, heart failure, dissecting aortic
aneurysm, a serum creatinine concentration at presentation of 180 µmol/L (2 mg/dL) or
higher; a history of severe nose bleeds, stroke or myocardial infarction within 1 year of
randomization, dementia or substance abuse, any condition prohibiting a sitting or standing
position, and any severe concomitant cardiovascular or noncardiovascular disease.
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Table 2 Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria

1. Age � 60 years 1. Secondary hypertension
2. Blood pressure* 2. Retinopathy grade III or IV

• Sitting systolic � 160 mm Hg 3. Overt heart failure
• Sitting diastolic � 95 mm Hg 4. Dissecting aneurysm of the aorta
• Standing systolic � 140 mm Hg 5. Serum creatinine � 180 µmol/L

3. Informed consent 6. Myocardial infarction or stroke within 1
4. Stable living condition with possibility of year of randomization

long-term follow-up 7. Severe concomitant cardiovascular or non-
cardiovascular disease, e.g., cardiomyopa-
thy, cancer, liver dysfunction, etc.

8. Dementia
9. Substance abuse

10. Severe nose bleeds
11. Any condition prohibiting a sitting or

standing position
12. Poor collaboration

*Mean of six readings, i.e., two at each of three run-in visits.

Eligible patients were stratified by center, sex, and previous cardiovascular compli-
cations and randomized to double-blind treatment with active medication or placebo. Ac-
tive treatment was initiated with nitrendipine. If necessary, the calcium-channel blocker
was combined with or replaced by enalapril, hydrochlorothiazide, or both. The study medi-
cations were stepwise titrated and combined in an attempt to reduce the sitting systolic
blood pressure by 20 mm Hg or more to less than 150 mm Hg (8). In the active treatment
group, tablets with 20 mg nitrendipine, 10 mg enalapril, and 25 mg hydrochlorothiazide
were used (Table 3). The dosage steps for nitrendipine were 10 mg in the evening, 10
mg twice daily, and 20 mg twice daily. For enalapril, the dosage steps were 5 mg, 10
mg, and 20 mg in the evening and for hydrochlorothiazide, 12.5 mg and 25 mg in the
morning. In the control group, matching placebo tablets were used similarly. Nitrendipine

Table 3 Treatment Steps

Drugs (or matching placebos) Dosage steps*

Nitrendipine (20 mg per tablet) 10 mg in the evening
10 mg twice daily
20 mg twice daily

Enalapril (10 mg per tablet) 5 mg in the evening
10 mg in the evening
20 mg in the evening

Hydrochlorothiazide (25 mg per tablet) 12.5 mg in the morning
25 mg in the morning

*The study medications were titrated and combined to reach the goal blood
pressure, defined as a sitting systolic blood pressure less than 150 mm Hg and
a decrease in the sitting systolic blood pressure by at least 20 mm Hg in com-
parison with the level at entry.
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was started in the evening and continued as a twice-daily drug, because this dihydropyri-
dine has a terminal plasma half-life of 12 hours (9). In addition, starting treatment with
an evening dose was expected to reduce the risk of orthostatic hypotension during daytime
and to lead to a more rapid upward titration to twice-daily dosing. Indeed, patients on the
starting dose of 10 mg of nitrendipine in the evening would be examined on the next
clinic day at trough levels.

To facilitate the intention-to-treat analysis, patients withdrawing from double-blind
treatment were maintained in open follow-up (8). During double-blind treatment and su-
pervised open follow-up, clinic visits were scheduled at 3-month intervals. For patients
withdrawing from double-blind treatment in whom regular follow-up was impossible, in-
formation on vital status, the incidence of major endpoints and other events and the use
of antihypertensive medications was collected annually (nonsupervised open follow-up).
Patients without any report within the year before the trial had stopped were considered
to be lost to follow-up.

B. Sample Size

The original sample size calculations assumed a stroke incidence in the placebo group of
17.0 events per 1000 patient-years. Fifteen thousand patient-years, that is, 3000 patients
with an average follow-up of 5 years, were required to detect a 40% change in the overall
stroke incidence with a two-tailed significance of 1% and 90% power (8). On August 18,
1995 (Fig. 1), the projected number of randomized patients was attained. However, be-
cause in the early phase of the study the stroke rate in the placebo group was only 13.6
events per 1000 patient-years, the steering committee decided in January 1996 to continue
recruitment through 1996 or until at least 4000 patients had been randomized.

C. Definition and Validation of Major Endpoints

The protocol (8) defined the following major endpoints: death, stroke, retinal hemorrhage
or exudates, myocardial infarction, heart failure, dissecting aortic aneurysm, and renal

Fig. 1 Randomization of patients in the Syst-Eur trial. (From Ref. 22.)
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Table 4 Definition of Major Endpoints

Inclusion criteria Exclusion criteria

Stroke Neurological deficit of vascular origin continuing for � 24
hours or leading to death

Retinal exudates and hemorrhage Keith-Wagener retinopathy stages III–IV
Myocardial infarction (not includ- At least two of three disorders: typical chest pain, electrocar-

ing silent cases) diographic changes, or increase in cardiac enzymes
Sudden death Death of unknown origin occurring instantly or within 24

hours
Heart failure Presence of each of three conditions: symptoms (dyspnea,

etc.), clinical signs (ankle edema, rales, etc.), and neces-
sity of treatment with diuretics, vasodilators, or antihyper-
tensive drugs

Cardiac endpoints Fatal and nonfatal myocardial infarction, sudden death, and
fatal and nonfatal heart failure

Dissecting aneurysm of the aorta Based on arteriographic, ultrasonographic, radiographic evi-
dence or on necropsy

Cardiovascular endpoints Fatal and nonfatal stroke, cardiac complications and other
cardiovascular endpoints

Renal insufficiency At two consecutive follow-up visits, serum creatinine � 4.0
mg/dL (360 µmol/L) or doubled in comparison with the
level at entry

insufficiency (Table 4). The blinded endpoint committee ascertained all major endpoints
by reviewing the local patient files and other source documents, by requesting detailed
written information from the investigators, or by both approaches. Diseases were coded
according to the ninth (1975) revision of the International Classification of Diseases (21).

Stroke, the primary endpoint in the Syst-Eur trial, was defined as a neurological
deficit with symptoms continuing for more than 24 hours or leading to death with no
apparent cause other than vascular (Table 4). Typical chest pain, electrocardiographic
changes, and the increase in cardiac enzymes led to the diagnosis of acute myocardial
infarction, provided that at least two of these three criteria were fullfilled. Myocardial
infarction did not include silent myocardial infarction. Heart failure required the presence
of three conditions, namely symptoms such as dyspnea, clinical signs, such as ankle edema
or rales, and the necessity to initiate treatment with diuretics, vasodilators, or antihyperten-
sive drugs. Sudden death included any death of unknown origin occurring instantly or
within an estimated 24 hours after the onset of acute symptoms as well as unattended
death for which no likely cause could be established by autopsy or recent medical history.
Cardiac endpoints included fatal and nonfatal heart failure, fatal and nonfatal myocardial
infarction, and sudden death. Renal insufficiency was diagnosed if at two consecutive
visits the serum creatinine concentration reached or exceeded 360 µmol/L (4.0 mg/dL)
or had doubled in comparison with the level at randomization.

D. Other Events

All other events were checked at the coordinating office by doctors blinded with regard
to the treatment group. Transient ischemic attack was defined as focal cerebral dysfunction
lasting for less than 24 hours. It did not lead to the discontinuation of double-blind treat-
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ment and was therefore not an endpoint (8). The diagnosis of angina pectoris rested on
suggestive chest pain with or without electrocardiographic signs of coronary ischemia,
the need for coronary revascularization in the absence of acute myocardial infarction, or
the indication to start treatment with nitrates. Diseases of the large (noncoronary) arteries
included codes (ninth revision) (21) 433.0–433.9, 440.0–440.9, 442.0–442.9, 443.1,
443.9–444.9, and 447.0–447.9 and surgical or angioplastic procedures on these arteries,
but not dissecting aortic aneurysm. Intercurrent diseases were nonfatal noncardiovascular
disorders leading to hospitalization or withdrawal from double-blind treatment or super-
vised open follow-up. Bleeding disorders excluded cerebral and retinal hemorrhage.

Uncontrolled hypertension was a sitting blood pressure exceeding 219 mm Hg sys-
tolic or 99 mm Hg diastolic at three consecutive visits while the patients were on the
maximal tolerated double-blind treatment. In January 1996, at the recommendation of the
ethics committee, the upper admissible sitting systolic blood pressure at randomization
was lowered to 200 mm Hg, but the maximum level during double-blind treatment was
maintained at 219 mm Hg.

E. Statistical Methods

Database management and statistical analysis were performed with SAS software (SAS
Institute Inc., Cary, NC) at the coordinating office of the study in Leuven, Belgium. The
data were entered in duplicate with systematic quality checks at 3-month intervals. The
trial was first analyzed according to an intention-to-treat principle using two-sided tests
(22). A per-protocol analysis was performed later (23). Comparisons of means and propor-
tions relied on the standard normal z-test and the χ2-statistic. Survival curves were com-
pared using Kaplan-Meier survival function estimates and the logrank test. Relative risk
was assessed by single and multiple Cox regression (24).

A total of 250 strokes were projected to occur within 5 years. A beneficial or ad-
verse effect could arise early in the trial. Interim analyses were planned after the accumula-
tion of every 50 strokes (8). Asymmetric monitoring boundaries, drawn according to the
O’Brien-Fleming method (25), allowed the study to stop for a beneficial effect of active
treatment on total stroke at 1% probability or for an adverse effect on any major endpoint
at 5% (8). At the first interim analysis in May 1995, these statistical thresholds were not
attained. The second interim analysis in February 1997 showed a significant decrease of
stroke in the active-treatment group, which according to the predefined stopping rules,
led to the early termination of the trial.

III. PRINCIPAL MORBIDITY AND MORTALITY RESULTS
BY INTENTION TO TREAT (22)

A. Patient Characteristics at Randomization

Of 8926 patients entered in the registers of screened patients, 6403 (71.7%) were enrolled
in the run-in period and 4695 (52.6%) were randomized (Fig. 2). Of 8926 screened pa-
tients, 6403 (71.7%) were eligible for enrollment in the run-in period (Fig. 2); 1708 pa-
tients were not randomized because of blood pressure values (n � 570; 33.4%) or age
(n � 9; 0.5%) outside the recruitment range, withdrawal of consent (n � 275; 16.1%),
the presence or occurrence of cardiovascular disorders prohibiting randomization (n �
126; 7.4%), symptoms on treatment with single-blind placebo (n � 33; 1.9%), the need
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Fig. 2 Flow of patients. (From Ref. 23.)

to prescribe drugs with blood pressure-lowering action (n � 28; 1.6%), or for other undoc-
umented reasons (n � 667; 39.1%).

Of the randomized patients, 1262 (26.9%) were recruited in Finland, 1044 (22.2%)
in Bulgaria, 321 (6.8%) in the Russian Federation, 273 (5.8%) in Belgium, 227 (4.8%)
in Italy, 213 (4.5%) in Israel, 210 (4.5%) in the United Kingdom, 172 (3.7%) in France,
161 (3.4%) in Estonia, 155 (3.3%) in Lithuania, 139 (3.0%) in Spain, 127 (2.7%) in Poland,
and 102 (2.2%) in Romania. Fewer than 100 patients were enrolled in each of the following
countries: Belorussia, the Czech Republic, Croatia, Germany, Greece, Ireland, the Nether-
lands, Portugal, Slovakia, and Slovenia (Table 5).

At randomization, the patients in the placebo (n � 2297) and active treatment (n �
2398) groups were similar in sex ratio, age, blood pressure, pulse rate, body mass index,
serum cholesterol, the use of tobacco and alcohol, the prevalence of diabetes mellitus
defined according to the World Health Organization criteria (26), previous cardiovascular
complications and antihypertensive treatment (Table 6). In both groups combined, 343
(7.5%) patients, 231 men and 112 women, smoked at randomization and 525 (11.2%),
393 men and 132 women, consumed at least 1 unit of an alcoholic beverage per day.

In the two treatment groups combined, a total of 1402 (29.9%) patients showed
cardiovascular complications at randomization (Table 6). Of the latter patients, 575
(41.0%) and 103 (7.4%) had symptoms or signs suggestive of coronary heart disease or
cerebrovascular disease, respectively. Electrocardiographic changes compatible with left
ventricular hypertrophy were present in 614 patients (43.8%). A total of 110 subjects
(7.8%) showed a combination of these conditions or other vascular, retinal, or renal le-
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Table 5 Patients and Centers by Country

Country Patients Centers

Finland 1262 21
Bulgaria 1044 16
Russia 321 11
Belgium 273 44
Italy 227 12
Israel 213 10
United Kingdom 210 9
France 172 28
Estonia 161 2
Lithuania 155 4
Spain 139 10
Poland 127 7
Romania 102 4
Netherlands 64 7
Greece 61 2
Ireland 37 1
Portugal 33 3
Belorussia 25 1
Slovenia 19 1
Czech Republic 18 1
Slovakia 18 1
Germany 10 2
Croatia 4 1
All 23 countries 4695 198

sions. Among all patients with previous cardiovascular complications, only 58 (4.1%) had
a history of stroke and 163 (11.6%) a history of myocardial infarction.

B. Follow-Up

In the intention-to-treat analysis, the median follow-up of the 4695 patients was 2.0 years.
Because the patients had been recruited over 8 years (Fig. 1), the follow-up of individual
patients ranged from 1 to 97 months. The number of patient-years in the placebo and
active treatment groups amounted to 5709 and 5995, respectively. On February 14, 1997,
when the trial was stopped, 1517 patients in the placebo group were still on double-blind
treatment, 295 were in supervised open follow-up, 232 in nonsupervised open follow-up,
137 had died, and 116 were lost to follow-up (Fig. 2). In the patients randomized to active
treatment, these numbers were 1738, 174, 242, 123, and 121, respectively.

C. Treatment and Blood Pressure by Year of Follow-Up

At 2 years, 866 of the patients randomized to placebo and 1014 of those randomized to
active treatment remained in double-blind follow-up (70.1% vs 78.8%; P � 0.001; Table
7). Of the actively treated patients, 856 (84.4%) were taking nitrendipine (mean daily dose
28.2 mg), 330 (32.6%) enalapril (13.8 mg/day), 164 (16.2%) hydrochlorothiazide (21.2
mg/day), and 10 (1.0%) other antihypertensive drugs. For the matching placebos in the
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Table 6 Clinical Features of Treatment Groups at Randomization

Placebo Active treatment
Characteristic (n � 2297) (n � 2398)

Mean (SD) age, y 70.2 (6.7) 70.3 (6.7)
Mean (SD) blood pressure, mm Hg

Sitting systolic, mm Hg 173.9 (10.1) 173.8 (9.9)
Sitting diastolic, mm Hg 85.5 (5.9) 85.5 (5.8)
Standing systolic, mm Hg 169.2 (12.1) 168.8 (12.4)
Standing diastolic, mm Hg 87.4 (7.7) 87.3 (7.7)

Mean (SD) sitting heart rate, beats/minute 73.0 (8.1) 73.3 (7.9)
Mean (SD) body mass index, kg/m2

Men 26.3 (3.1) 26.6 (3.5)
Women 27.5 (4.4) 27.2 (4.5)

Mean (SD) serum cholesterol, mmol/L
Total cholesterol 6.0 (1.2) 6.0 (1.2)
High-density lipoprotein cholesterol 1.4 (0.5) 1.4 (0.5)

Characteristic present at baseline, No. (%)
Female 1520 (66.2%) 1618 (67.5%)
Previous antihypertensive medication 1083 (47.1%) 1104 (46.0%)
Cardiovascular complications 697 (30.3%) 705 (29.4%)
Diabetes mellitus* 240 (10.4%) 252 (10.5%)
Never smokers 1705 (74.2%) 1763 (73.5%)
Past smokers 427 (18.6%) 454 (18.9%)
Current smokers 164 (7.1%) 179 (7.5%)
Abstaining from alcohol 1674 (72.9%) 1724 (71.9%)
Drinking � 1 U alcohol per day 355 (15.5%) 414 (17.3%)
Drinking � 1 U alcohol per day 267 (11.1%) 258 (10.8%)

*Defined according to the criteria of the World Health Organization (26).

control group, these numbers were 800 (92.4%), 477 (55.1%), 297 (34.2%), and 8 (0.9%),
respectively (Table 7).

The proportion of patients started on multiple drug treatment or proceeding to open
follow-up increased faster (P � 0.001) in the placebo than in the active treatment group
(Table 7). At 2 years, nitrendipine or matching placebo was the only treatment adminis-
trated to 597 (58.9%) and 343 (39.6%) patients, respectively. Among the patients in open
follow-up at 2 years, 65 (36.5%) of those randomized to active treatment and 157 (58.1%)
of those in the placebo group were on antihypertensive drugs, whereas treatment status
with regard to hypertension was undocumented in 88 (49.4%) and 81 (30.0%) patients,
respectively.

At 2 years, in the intention-to-treat analysis, the sitting systolic/diastolic blood
pressure fell on average (SD) by 13/2 (17/8) mm Hg in the placebo group and by 23/7
(16/8) mm Hg in the active treatment group (Fig. 3) and the standing blood pressure by
10/2 (18/8) mm Hg and 21/7 (17/9) mm Hg, respectively. At median follow-up, the
percentage of patients who had reached the goal blood pressure was 21.4% in the placebo
group and 43.5% in the active-treatment group (P � 0.001). At 2 years, the changes in
the sitting pulse rate were 0.3 (9.0) beats per minute (P � 0.25) and 0.2 (8.9) beats per
minute (P � 0.54), respectively. The between-group differences were calculated by sub-
tracting the changes from baseline in the placebo group from the corresponding changes
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Table 7 Follow-Up and Treatment Status by Randomization Group and Year of Follow-Up

Number of patients at specified year of follow-up

Active treatment group
Placebo group (n � 2297) (n � 2398)

Groups
Year of follow-up 1st 2nd 3rd 4th 1st 2nd 3rd 4th

Total number 1683 1235 928 682 1758 1285 979 705
Deceased 34 51 63 61 15 41 54 54
Double-blind follow-up 1428 866 544 325 1580 1014 677 426

No double-blind drugs 5 2 2 0 2 6 2 2
1 double-blind drug 693 343 178 95 1037 597 385 216
� 2 double-blind drugs 725 519 358 226 537 405 283 202
Treatment unknown 5 2 6 4 4 6 7 6
Nitrendipine*† 1352 800 486 286 1407 856 571 351
Enalapril*† 677 477 330 206 471 330 223 152
Hydrochlorothiazide*† 315 297 226 150 147 164 139 104
Antihypertensive drugs‡ 16 8 6 1 12 10 8 5

Open follow-up 193 270 267 253 122 178 190 181
Supervised 133 186 179 162 71 89 90 92
Nonsupervised 60 84 88 91 51 89 100 89
Antihypertensive drugs 99 157 166 156 41 65 78 86
No treatment 13 32 24 28 15 25 23 26
Treatment unknown 81 81 77 69 66 88 89 69

Lost to follow-up§ 28 48 54 43 41 52 58 44

*In the placebo group, matching placebos were used. In the active treatment group, the mean daily doses (SD)
of nitrendipine, enalapril, and hydrochlorothiazide were 28.2 (12.1) mg, 13.5 (6.2) mg and 21.2 (6.2) mg, respec-
tively.
†Because many patients were on combined treatment, these numbers are not additive.
‡To bridge medical emergencies without having to break the code, antihypertensive drugs could be prescribed
during the double-blind period for up to 3 consecutive months.
§Patients without follow-up data for more than 1 year.

in the active treatment group. For the sitting blood pressure, they averaged 10.1/4.5 mm
Hg (95% confidence interval [CI]: 8.8 to 11.4/3.9 to 5.1 mm Hg) at 2 years and 10.7/4.7
mm Hg (CI: 8.8 to 12.5/3.7 to 5.6 mm Hg) at 4 years. The differences in pulse rate were
�0.1 beats per minute (CI: �0.8 to 0.6 beats per minute) and �0.6 beats per minute (CI:
�1.7 to 0.5 beats per minute), respectively.

Uncontrolled hypertension led to the withdrawal from double-blind treatment in 126
patients (5.5%) of the placebo group and 11 (0.5%) randomized to active treatment (P �
0.001). Among 59 and five of these patients, the blood pressure criteria applied by the
clinical investigator were less stringent than those foreseen by the protocol.

D. Major Endpoints

Cardiovascular mortality tended to be less on active treatment (�27%; CI: �48 to 2%;
P � 0.07), but all-cause mortality was not significantly changed (Table 8). In the placebo
group, the mortality rate due to stroke, heart failure, myocardial infarction, and sudden
death ranged from 1.8 to 4.7 deaths per 1000 patient-years. Although mortality from these
causes was less on active treatment, the confidence intervals of these changes were wide
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Fig. 3 Average sitting systolic and diastolic blood pressure at randomization and at yearly inter-
vals during follow-up in the intention-to-treat analysis. The number of patients per group at each
time point is also presented. (From Ref. 22.)

Table 8 Mortality by Treatment Group (Intention-to-Treat Analysis)

Rate per 1000 patient-years Relative difference with
(number of deaths) rate in placebo group

Placebo Active % rate
Cause of death (n � 2297) (n � 2398) (95% CI) P

All causes 24.0 (137) 20.5 (123) �14 (�33, 9) 0.22
Unknown cause 0.4 (2) 0.7 (4) — —
Cardiovascular 13.5 (77) 9.8 (59) �27 (�48, 2) 0.07

Stroke 3.7 (21) 2.7 (16) �27 (�62, 39) 0.33
Cardiac mortality* 9.1 (52) 6.7 (40) �27 (�51, 11) 0.14

Heart failure 1.8 (10) 1.3 (8) �24 (�70, 93) 0.57
Coronary mortality† 7.4 (42) 5.3 (32) �27 (�54, 15) 0.17

Myocardial infarction 2.6 (15) 1.2 (7) �56 (�82, 9) 0.08
Sudden death 4.7 (27) 4.2 (25) �12 (�49, 52) 0.65

Dissecting aortic aneurysm 0.4 (2) 0.2 (1) — —
Pulmonary embolism 0.2 (1) 0.3 (2) — —
Peripheral arterial disease 0.2 (1) 0.0 (0) — —

Noncardiovascular 10.2 (58) 10.0 (60) �1 (�31, 41) 0.95
Cancer 4.4 (25) 3.0 (18) �31 (�63, 26) 0.22

*Cardiac mortality included deaths from heart failure and coronary mortality.
†Coronary mortality consisted of fatal myocardial infarction and sudden death.
Abbreviation: CI, confidence interval.
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and did not exclude the possibility of no effect of antihypertensive drug treatment. Noncar-
diovascular and cancer mortality did not change significantly (Table 8).

Fatal combined with nonfatal stroke was the primary endpoint in the Syst-Eur trial.
It was observed in 77 patients randomized to placebo and 47 of the active treatment group.
The cumulative rates were 13.7 and 7.9 strokes per 1000 patient-years (Table 9, Fig. 4).
Active treatment reduced the occurrence of total stroke by 42% (P � 0.003) and that of
nonfatal stroke by 44% (P � 0.007). In the active treatment group, nonfatal cardiac end-
points decreased by 33% (P � 0.03). All fatal and nonfatal cardiac endpoints, including
sudden death, declined by 26% (P � 0.03). A similar trend was observed for nonfatal
heart failure (�36%; P � 0.06), for all cases of heart failure (�29%; P � 0.12) and for
fatal and nonfatal myocardial infarction (�30%; P � 0.12) (Table 9, Fig. 4). Active treat-
ment reduced all fatal and nonfatal cardiovascular endpoints by 31% (P � 0.001).

In terms of absolute benefit, at the rates observed in the Syst-Eur placebo group,
treating 1000 elderly patients with isolated systolic hypertension for 5 years would prevent
29 strokes or 53 major cardiovascular events.

E. Other Events

Transient ischemic attacks were not significantly influenced by active treatment (�12%;
P � 0.62; Table 10). The rate of all cerebrovascular events, that is fatal and nonfatal
strokes and transient ischemic attacks, was 18.0 and 11.8 events per 1000 patient-years
(100 and 70 cases) in the placebo and active treatment groups, respectively. Active treat-
ment reduced (P � 0.006) the incidence of all cerebrovascular events by 34% (CI: �51
to �11).

Table 9 Nonfatal Endpoints Alone and Combined with Fatal Endpoints (Intention-to-Treat
Analysis)

Rate per 1000 patient-years Relative difference with rate
(number of endpoints) in placebo group

Placebo Active % rate
Nature of endpoint (n � 2297) (n � 2398) (95% CI) P

Nonfatal endpoints
Stroke 10.1 (57) 5.7 (34) �44 (�63, �14) 0.007
Retinal exudates 0.0 (0) 0.2 (1) — —
Cardiac endpoints 12.6 (70) 8.5 (50) �33 (�53, �3) 0.03

Heart failure 7.6 (43) 4.9 (29) �36 (�60, 2) 0.06
Myocardial infarction 5.5 (31) 4.4 (26) �20 (�53, 34) 0.40

Renal failure 0.4 (2) 0.5 (3) — —
Fatal and nonfatal endpoints

Stroke 13.7 (77) 7.9 (47) �42 (�60, �17) 0.003
Cardiac endpoints* 20.5 (114) 15.1 (89) �26 (�44, �3) 0.03

Heart failure 8.7 (49) 6.2 (37) �29 (�53, 10) 0.12
Myocardial infarction 8.0 (45) 5.5 (33) �30 (�56, 9) 0.12

All cardiovascular endpoints 33.9 (186) 23.3 (137) �31 (�45, �14) � 0.001

*Nonfatal and fatal cardiac endpoints included fatal and nonfatal heart failure, fatal and nonfatal myocardial
infarction, and sudden death (see Table 4).
Abbreviation: CI, confidence interval.
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Fig. 4 Cumulative rates of fatal and nonfatal stroke and myocardial infarction by group in the
intention-to-treat analysis. (From Ref. 22.)

Table 10 Other Events (Intention-to-Treat Analysis)

Rate per 1000 patient-years Relative difference with
(number of events) rate in placebo group

Placebo Active % rate
Nature of Event (n � 2297) (n � 2398) (95% CI) P

Nonfatal cardiovascular events
Transient ischemic attack 5.1 (29) 4.5 (27) �12 (�48, 49) 0.62
Angina pectoris 23.9 (131) 18.1 (105) �24 (�41, �2) 0.04
Peripheral arterial disease 10.2 (57) 6.9 (41) �32 (�54, 2) 0.06

Noncardiovascular events
Fatal and nonfatal cancer 14.7 (82) 12.4 (73) �15 (�38, 16) 0.29
Benign neoplasm 3.0 (17) 4.0 (24) 35 (�28, 151) 0.35
Intercurrent disease* 31.4 (168) 33.1 (186) 5 (�15, 90) 0.63
Bleeding† 3.5 (20) 3.2 (19) �10 (�52, 69) 0.74

*Intercurrent disease refers to nonfatal noncardiovascular disorders requiring admission to the hospital or with-
drawal from double-blind treatment or supervised open follow-up.
†Bleeding excludes cerebral and retinal hemorrhage.
Abbreviation: CI, confidence interval.
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The incidence of angina pectoris (�24%; P � 0.04) and peripheral arterial disease
(�32%; P � 0.06) tended to decrease in the patients randomized to active treatment (Table
10). The occurrence of cancer, benign neoplasm and bleeding, excluding cerebral and
retinal hemorrhage, was similar in the two treatment groups (Table 10). This was also the
case for intercurrent diseases of noncardiovascular origin that led to hospitalization or
withdrawal from double-blind treatment or supervised open follow-up. In the placebo
group, 137 patients were admitted to the hospital because of noncardiovascular disorders
and 145 in the active treatment group (25.3 vs 25.4 admissions per 1000 patient-years;
P � 0.95).

IV. SUBGROUP ANALYSIS BY INTENTION TO TREAT (23)

A. Sex and Previous Cardiovascular Complications

Before randomization, the patients had been prospectively stratified by sex and previous
cardiovascular complications. The trial included 1557 men (33.2%), 3138 women (66.8%),
1402 patients with previous cardiovascular complications (29.9%), and 3293 patients with-
out such complications (70.1%).

Men and patients with cardiovascular complications at entry experienced signifi-
cantly more endpoints during follow-up. However, with adjustments applied for the covari-
ates listed in Table 11, male sex did not behave as a significant predictor of fatal and
nonfatal stroke (relative hazard rate [RHR]: 1.17; CI: 0.81 to 1.70; P � 0.40) or of fatal
and nonfatal cardiac endpoints (RHR: 1.28; CI: 0.95 to 1.17; P � 0.10). Further analysis
showed that the benefits of active treatment were evenly distributed across the sex and
cardiovascular complication groups. In multiple Cox regression, the P values for the inter-
actions with treatment ranged from 0.62 to 0.86 for sex and 0.26 to 0.87 for cardiovascular
complications.

B. Age

In single and multiple regression (Table 11), age was a strong predictor of outcome. In
Cox regression (Fig. 5), with adjustments applied for the significant covariates listed in
Table 11, the treatment-by-age interaction term was significant (P � 0.009) for total mor-
tality (RHR: 1.04; CI: 1.01 to 1.08) and nearly significant (P � 0.09) for cardiovascular
mortality (RHR: 1.04; CI: 0.99 to 1.09). In contrast, the treatment-by-age interaction terms
for the combined fatal and nonfatal endpoints were not statistically significant.

C. Systolic and Diastolic Blood Pressure

In single Cox regression, all endpoints, with the exception of fatal and nonfatal cardiac
complications, were positively correlated with systolic blood pressure. However, after
adjustment for the significant covariates listed in Table 11, systolic blood pressure pre-
dicted only stroke incidence. Furthermore, for total mortality, the interaction term between
treatment and systolic blood pressure was borderline significant (P � 0.05), suggesting
greater benefit at higher initial systolic blood pressure (Fig. 5).

In single regression, a higher diastolic blood pressure was associated with lower
total (P � 0.001) and cardiovascular (P � 0.001) mortality and fewer combined fatal and
nonfatal endpoints (P values ranging from 0.0007 to 0.02). However, after adjustment for
the significant covariates listed in Table 11, these associations weakened to a nonsignifi-



S
yst-E

u
r

T
rial

327

Table 11 Adjusted Relative Hazard Rates* According to Various Characteristics in the Intention-to-Treat Analysis

Mortality Fatal and nonfatal cardiovascular endpoints

Total Cardiovascular All Stroke Cardiac

Active treatment (0, 1)† 0.86 (0.67–1.10) 0.73 (0.52–1.03)o 0.67 (0.54–0.84)c 0.59 (0.38–0.79)b 0.71 (0.54–0.94)a

Male sex (0, 1)† 1.34 (1.04–1.75)a 1.45 (1.02–2.08)a 1.30 (1.03–1.64)b NS (P � 0.40) NS (P � 0.10)
Cardiovascular complications (0, 1)‡ 1.86 (1.45–2.38)c 2.17 (1.54–3.05)c 1.90 (1.52–2.37)c 1.44 (1.00–2.07)a 2.27 (1.72–2.99)c

Age, y 1.14 (1.13–1.16)c 1.12 (1.10–1.15)c 1.09 (1.07–1.10)c 1.08 (1.05–1.10)c 1.09 (1.07–1.11)c

Systolic pressure, �10 mm Hg NS (P � 0.20) NS (P � 0.51) NS (P � 0.55) 1.16 (1.00–1.34)b NS (P � 0.71)
Eastern European extraction (0, 1)† 1.54 (1.10–2.16)a NS (P � 0.09) NS (P � 0.78) NS (P � 0.74) NS (P � 0.72)
Smoking (0, 1)† 2.00 (1.39–2.86)c 1.82 (1.10–3.01)a 1.79 (1.29–2.50)c NS (P � 0.58) 2.34 (1.60–3.41)c

*Because the relative hazard rates were calculated by stepwise Cox regression with treatment forced into the model, they are automatically adjusted for randomization group and
for all significant covariates listed in the table. Diastolic blood pressure at randomization and drinking alcohol were not independently and significantly correlated with outcome.
The relative hazard rates are presented with 95% confidence interval and level of statistical significance (op � .07; ap � .05; bp � .01; cp � .001). For nonsignificant (NS)
covariates, the probability of entry into the model is given between parentheses.
†Dichotomous variables were coded 0 or 1, depending on whether the condition was absent or present.
‡Among the 1402 patients with cardiovascular complications at randomization, only 58 (3.4%) had a history of stroke and 163 (11.6%) a history of myocardial infarction.
§Compared with patients recruited in western European countries and Israel.
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Fig. 5 Adjusted relative hazard rates of total and cardiovascular mortality according to age and
initial systolic blood pressure. The hazard rates (placebo/active treatment), calculated by intention-
to-treat, are presented as continuous risk functions with 95% confidence interval. P-values refer to
the interaction terms between treatment and the independent predictor variable. (From Ref. 23.)

cant level (P values ranging from 0.16 to 0.93) and were also not influenced by treatment
status. The P values of the interaction terms between treatment and diastolic blood pressure
ranged from 0.14 to 0.82.

D. Eastern Versus Western European Extraction

Of the 4695 patients, 1994 (42.5%) had been recruited in eastern Europe. However, be-
cause of the longer follow-up of the western European patients (median: 3.2 vs 1.1 years),
most deaths (210 vs 50) and nonfatal cardiovascular endpoints (170 vs 36) occurred in
western European patients.

After adjustment for significant covariates (Table 11), the relative hazard rate of
total mortality was significantly higher in eastern than in western Europe, including Israel.
However, the treatment-by-residence interaction term was not significant (P � 0.53). This
was also the case for cardiovascular mortality (P � 0.08) and for the other combined fatal
and nonfatal endpoints (P values ranging from 0.34 to 0.61).

E. Smoking and Drinking Habits

At randomization, the median daily use of tobacco was 15 cigarettes in 231 male smokers
(P5–P95 interval [Pl]: 3 to 50 cigarettes) and 10 cigarettes (Pl: 2 to 30 cigarettes) in 112
female smokers. Both before and after (Table 11) adjustment for significant covariates,
smoking predicted total and cardiovascular mortality and the combined fatal and nonfatal
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cardiovascular and cardiac endpoints. With adjustments applied for significant covariates
(Table 11), Cox regression for stroke showed a significant interaction (P � 0.01) between
treatment and smoking. The relative hazard rate of active versus placebo treatment was
0.47 (CI: 0.32 to 0.69) in nonsmokers but 2.75 (CI: 0.73 to 10.4) in smokers. The percent-
age of smokers was similar among the 124 stroke patients (n � 11; 8.9%) and the 4571
other participants (n � 332; 7.3%).

At randomization, 393 men and 132 women consumed at least 1 U of an alcoholic
beverage per day, that is, one glass of beer, wine, aperitif, fortified wine, or liquor. Their
median daily consumption of alcohol was 19 g (5 to 95th percentile interval [PI]: 10 to
54 g) and 14 g (PI: 10 to 36 g), respectively. Alcohol intake was not correlated with
outcome either before or after (Table 11) adjustment for covariates (P values ranging from
0.14 to 0.64 and from 0.19 to 0.85, respectively). In multiple Cox regression, the P values
for the interaction terms between treatment and drinking alcohol ranged from 0.16 to 0.99.

V. PER-PROTOCOL ANALYSIS (23)

Analysis by intention-to-treat reduces bias resulting from selective withdrawals. However,
the intention-to-treat approach may underestimate the true effects of treatment by includ-
ing all endpoints in the calculations, regardless of whether they occurred on randomized
therapy or on open-label medication. In a per-protocol analysis of the Syst-Eur trial (23),
the question was addressed whether the estimates of benefit remained consistent, if the
analysis accounted only for the endpoints that occurred during randomized double-blind
treatment.

In the per-protocol analysis (Table 12), the number of patient-years in the placebo
and active treatment groups amounted to 4508 and 5166, respectively. The median follow-
up was 1.7 years (range: 1 to 95 months). Of the placebo and active treatment groups,
1235 and 1285 patients had a follow-up of 2 years or more, and 866 and 1014 were still
in double-blind follow-up at 2 years (70.1% vs 78.9%; P � 0.001). Of the actively treated
patients in double-blind follow-up, 856 (84.4%) were taking nitrendipine (mean daily
dose: 28.2 mg), 330 (32.6%) enalapril (13.8 mg per day) and 164 (16.2%) hydrochlorothia-
zide (21.2 mg per day). In the placebo group, these numbers were 800 (92.4%), 477
(55.1%), and 297 (34.2%), respectively. At median follow-up, the sitting systolic and
diastolic blood pressures had fallen by 13 (16) mm Hg and 2 (7) mm Hg in the placebo
group and by 25 (15) mm Hg and 7 (8) mm Hg in the active treatment group. The between-
group differences in the sitting systolic and diastolic blood pressures then averaged 11.6
mm Hg (CI: 10.1 to 13.0 mm Hg) and 5.3 mm Hg (CI: 4.5 to 6.0 mm Hg), respectively.

Of the patients remaining on double-blind medication, 84 died in the placebo group
and 71 in the active treatment group. The cumulative total mortality in the per-protocol
analysis amounted to 18.6 and 13.7 deaths per 1000 patient-years, respectively (Table 12).
Active treatment reduced total mortality by 26% (P � 0.05). A similar trend was observed
for fatal myocardial infarction (�60%; P � 0.08). Although cerebrovascular (�31%; P �
0.36) and cardiac (�20%; P � 0.34) mortality were less on active treatment, the wide
confidence intervals for these fatal outcomes did not exclude the possibility of no effect
of antihypertensive drug treatment.

In general, the per-protocol analysis of the nonfatal endpoints and the combined
fatal and nonfatal endpoints (Table 12) produced results similar to those in the intention-
to-treat approach (Table 9). In the patients who remained in double-blind follow-up, active
treatment reduced total stroke by 44% (P � 0.004) and nonfatal stroke by 48% (P �



330 Staessen et al.

Table 12 Per-Protocol Analysis

Rate per 1000 patient-years Relative difference with
(number of endpoints) rate in placebo group

Placebo Active % rate
Nature of endpoint (n � 2297) (n � 2398) (95% CI) P

Mortality
Total 18.6 (84) 13.7 (71) �26 (�46, 0) 0.05
Cardiovascular 11.5 (52) 8.5 (44) �26 (�51, 10) 0.13

Stroke 3.1 (14) 2.1 (11) �31 (�69, 51) 0.36
Cardiac mortality 7.5 (34) 6.0 (31) �20 (�51, 29) 0.34

Noncardiovascular 7.1 (32) 5.2 (27) �26 (�56, 23) 0.20
Cancer 2.4 (11) 1.4 (7) �44 (�78, 43) 0.20

Nonfatal endpoints
Stroke 10.0 (45) 5.2 (27) �48 (�68, �16) 0.005
Cardiac endpoints 12.2 (55) 8.7 (45) �29 (�52, 6) 0.07

Heart failure 7.5 (34) 4.3 (22) �44 (�67, �4) 0.03
Myocardial infarction 5.1 (23) 4.8 (25) �5 (�46, 67) 0.81

Fatal and nonfatal endpoints
Stroke 13.1 (59) 7.4 (38) �44 (�63, �16) 0.004
Cardiac endpoints* 19.8 (89) 14.7 (76) �26 (�45, 0) 0.05

Heart failure 8.7 (39) 5.6 (29) �35 (�60, 5) 0.06
Myocardial infarction 7.5 (34) 5.8 (30) �23 (�53, 26) 0.28

All cardiovascular endpoints 33.8 (152) 23.0 (119) �32 (�46, �13) 0.001

*Nonfatal and fatal cardiac endpoints included fatal and nonfatal heart failure, fatal and nonfatal myocardial
infarction, and sudden death (see Table 4).
Abbreviation: CI, confidence interval.

0.005). In the active treatment group, nonfatal cardiac endpoints decreased by 29% (P �
0.07). A similar trend was observed for fatal and nonfatal cases of heart failure (�35%;
P � 0.06). All fatal and nonfatal cardiac endpoints, including sudden death, declined by
26% (P � 0.05). Active treatment reduced all fatal and nonfatal cardiovascular endpoints
by 32% (P � 0.001).

In terms of absolute benefit, the per-protocol analysis suggested that at the rates
observed in the placebo group, treating 1000 patients for 5 years could prevent 24 deaths
or 54 major cardiovascular endpoints, that is, 29 strokes and 25 cardiac endpoints.

VI. CALCIUM-CHANNEL BLOCKADE AND CARDIOVASCULAR
PROGNOSIS (27)

In the Syst-Eur trial, active treatment was initiated with the dihydropyridine calcium-
channel blocker, nitrendipine (9). The controversy about possible adverse effects of cal-
cium-channel blockers arose in 1995 (18); it was not considered in 1991 or 1992 when
the ethics committee of the Syst-Eur trial and the review boards of the participating centers
decided to continue the trial. However, in view of the persistent concerns about the use
of calcium-channel blockers as first-line antihypertensive drugs (18,19,28–32), further
analyses addressed the question whether treatment with nitrendipine (9) alone could influ-
ence prognosis.
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A. Early Benefit

At 6 months, 1517 patients of the placebo group (66.0%) and 1829 of those randomized
to active treatment (76.3%) were still on monotherapy with the first-line study medication.
The net blood pressure reduction in the active treatment group was 7.7 mm Hg systolic
(CI: 6.8 to 8.6 mm Hg) and 3.3 mm Hg diastolic (CI: 2.8 to 3.7 mm Hg). At this early
moment in the trial, when most patients were still taking the first-line medication, active
treatment reduced all cardiovascular endpoints by 55% (CI: 20% to 75%; P � 0.005), all
cardiac endpoints by 62% (CI: 21 to 82%; P � 0.007), total mortality by 60% (CI: 17
to 81%; P � 0.01), and cardiovascular mortality by 62% (CI: 14 to 83%; P � 0.02). In
contrast, the 37% (CI: �78 to 77%) reduction in fatal and nonfatal stroke was not yet
significant. The reduction in all cardiovascular endpoints at 6 months was of the same
order of magnitude as at 1, 2, or 4 years of follow-up, when more patients had proceeded
to combined therapy (Fig. 6).

B. Matched Pairs Analysis

To ascertain that the apparent benefit conferred by nitrendipine was not the result of selec-
tion bias in the control group, the 1327 patients who remained on single nitrendipine
treatment throughout the whole trial were matched by sex, age (60–69, 70–79, and � 80
years), previous cardiovascular complications, and systolic blood pressure at entry (within
4 mm Hg) with an equal number of placebo patients drawn from the control group, regard-
less of the type of placebos taken.

At 2 years (median follow-up in the two groups), the net blood pressure reduction
in the actively treated patients averaged 13.7 mm Hg systolic (CI: 11.9 to 15.5 mm Hg)

Fig. 6 Cumulative rates of all cardiovascular endpoints in the per-protocol analysis. The between-
group differences in the rates are presented for various follow-up intervals. The benefit of active
treatment was already significant at 6 months, when most of the 4695 randomized patients were
still on monotherapy with active nitrendipine or matching placebo. (From Ref. 27.)
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Table 13 Outcome in 1327 Patients on Monotherapy with Active Nitrendipine in Comparison
with Matched* Placebo Patients

Rate per 1000 patient-years Relative difference with
(number of endpoints) rate in placebo group

Placebo Active % rate
Nature of endpoint (n � 2297) (n � 2398) (95% CI) P

Mortality
Total 22.0 (57) 15.9 (41) �28 (�52, 8) 0.12
Cardiovascular 13.9 (36) 8.1 (21) �41 (�66, 0) 0.05

Fatal and nonfatal endpoints
Stroke 13.5 (35) 8.9 (23) �34 (�61, 12) 0.12
Cardiac endpoints 23.2 (60) 15.5 (40) �33 (�55, 0) 0.05

Heart failure 9.6 (25) 5.0 (13) �48 (�73, 0) 0.05
Myocardial infarction 8.9 (23) 7.4 (19) �17 (�55, 52) 0.55

All cardiovascular endpoints 37.5 (97) 25.2 (65) �33 (�51, �8) 0.01

*Patients remaining on single nitrendipine treatment were matched by sex, age, previous cardiovascular compli-
cations, and systolic blood pressure at entry with patients drawn from the whole placebo group.
Abbreviation: CI, confidence interval.

and 5.4 mm Hg diastolic (CI: 4.5 to 6.4 mm Hg). Compared with the matched control
group (Table 13), active nitrendipine reduced cardiovascular mortality by 41% (P � 0.05),
all cardiovascular endpoints by 33% (P � 0.01), fatal and nonfatal cardiac endpoints by
33% (P � 0.05), and fatal and nonfatal heart failure by 48% (P � 0.05).

VII. UPDATE ON THE MORBIDITY AND MORTALITY RESULTS (33)

The Syst-Eur trial stopped after the second of four planned interim analyses, when prede-
fined stopping rules (8) revealed that active treatment diminished the incidence of stroke,
the primary endpoint. The ethics committee unanimously resolved that all endpoints that
had occurred before February 14, 1997, at 5:00 pm should be included in the final analysis.
The long communication lines between the coordinating office and 198 centers in 23
countries (Table 5) made the practical implementation of this recommendation very diffi-
cult. The coordinating office had to strike a delicate balance between reporting long-
awaited outcome results or postponing publication until a greater number of terminating
report forms had been returned. In the initial Syst-Eur report (22), 116 (5.1%) of 2297
placebo patients and 121 (5.0%) of 2398 patients randomized to active treatment were
classified as lost to follow-up, because in the preceding year no report had reached the
coordinating office. However, after publication of the outcome results on September 13,
1997 (22), efforts to locate all patients continued and the database was updated.

The number of patients lost to follow-up decreased to 61 (2.7%) in the placebo
group and to 63 (2.6%) in the active treatment group: 1559 and 1795 patients, respectively,
were in double-blind follow-up, 147 and 135 had died, 283 and 150 were in supervised
open follow-up, and 247 and 255 were in nonsupervised follow-up (33). The number of
patient-years accumulated in the placebo and active treatment groups increased from 5709
to 5844 and from 5995 to 6140, respectively. The greater number of endpoints available
for analysis (Table 14) (33) did not affect the conclusions of the initial (22) Syst-Eur
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Table 14 Update on the Morbidity and Mortality Results (Intention-to-Treat Analysis)

Rate per 1000 patient-years Relative difference with rate
(number of endpoints) in placebo group

Placebo Active % rate
Nature of endpoint (n � 2297) (n � 2398) (95% CI) P

Mortality
Total 25.2 (147) 22.0 (135) �13 (�31, 10) 0.28
Cardiovascular 14.0 (82) 10.4 (64) �26 (�46, 3) 0.08
Noncardiovascular 11.0 (64) 10.8 (66) �2 (�30, 38) 0.94

Nonfatal endpoints
Stroke 10.4 (60) 5.7 (35) �45 (�64, �17) 0.004
Cardiac endpoints 12.8 (73) 8.8 (53) �32 (�52, �2) 0.04

Fatal and nonfatal endpoints
Stroke 13.9 (80) 8.0 (49) �42 (�60, �18) 0.002
Cardiac endpoints 20.9 (119) 15.6 (94) �25 (�43, �2) 0.03

Heart failure 8.9 (51) 6.6 (40) �26 (�51, 12) 0.16
Myocardial infarction 8.1 (47) 5.9 (36) �27 (�53, 12) 0.16

All cardiovascular endpoints 34.6 (194) 24.2 (145) �30 (�44, �13) � 0.001

Abbreviation: CI, confidence interval.

report (Tables 8 and 9) (22). Fatal and nonfatal cancer (change with active treatment:
�12%; CI: �36 to 20%; P � 0.42) and bleeding episodes not including nose bleeds and
cerebral and retinal hemorrhage (�9%; CI: �50 to 65%; P � 0.96) occurred with similar
frequency in both treatment groups.

VIII. OTHER FINDINGS

A. Outcome in Diabetic and Nondiabetic Patients (34)

At randomization, 492 patients (10.5%) had diabetes (Table 6). At 2 years (median follow-
up), the net differences in blood pressure between the placebo and active treatment groups
were 8.6 mm Hg systolic and 3.9 mm Hg diastolic in the diabetic patients; in the 4203
patients without diabetes, these differences were 10.3 mm Hg and 4.5 mm Hg, respec-
tively.

In diabetic patients (Fig. 7), with adjustments for possible confounders applied, ac-
tive treatment reduced all-cause mortality by 55% (CI: 15 to 76%), cardiovascular mortal-
ity by 76% (CI: 33 to 91%), all cardiovascular endpoints by 69% (CI: 41 to 84%), fatal
and nonfatal stroke by 73% (CI: 26 to 90%), and all cardiac endpoints by 63% (CI: 10
to 85%). In the nondiabetic patients, active treatment decreased all cardiovascular end-
points by 26% (CI: 6 to 41%) and fatal and nonfatal stroke by 38% (CI: 8 to 58%). Active
treatment reduced total mortality (P � 0.04), cardiovascular mortality (P � 0.02), and
all cardiovascular endpoints (P � 0.01) significantly more in diabetic than nondiabetic
patients (34).

B. Prevention of Dementia (35,36)

Systolic hypertension increases the risk of dementia in aging people. The Vascular De-
mentia Project (35–37) set up in the framework Syst-Eur trial, investigated whether
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Fig. 7 Relative hazard rates of active treatment versus placebo in diabetic and nondiabetic patients
with cumulative adjustments for sex, age, previous cardiovascular complications, systolic blood
pressure at entry, smoking, and residence in western Europe. The P values refer to the treatment-by-
diabetes interaction and indicate whether the treatment effect was significantly different according to
the presence of diabetes at randomization. (From Ref. 34.)

antihypertensive drug treatment could reduce the incidence of dementia. At baseline and
follow-up, cognitive function was assessed by the Mini Mental State Examination
(MMSE) (38). If the MMSE score was 23 or less, the diagnosis of dementia was ascer-
tained based on the Diagnostic and Statistical Manual (DSM-III-R) criteria (39), which
at the start of the Syst-Eur trial in 1988 was the generally accepted standard (40–42).
If the DSM-III-R criteria (39) confirmed the diagnosis of dementia, the Modified Ische-
mic Score (43), including a computerized tomographic brain scan, served to differen-
tiate vascular from degenerative disease. If a brain scan could not be performed, the
Hachinski Score (44) replaced the Modified Ischemic Score (43) to establish the cause of
dementia.

In total, 2418 patients were enrolled in the analysis. Median follow-up by intention
to treat was 2.0 years. Compared with placebo (n � 1180), active treatment (n � 1238)
reduced the incidence of dementia by 50% (CI: 0 to 76%; P � 0.05) from 7.7 to 3.8 cases
per 1000 patient-years (Fig. 8). In the per-protocol analysis, active treatment decreased
the rate by 60% (CI: 2 to 83%; P � 0.03). Further analysis demonstrated that active
treatment mainly prevented Alzheimer’s disease (Table 15).

The median MMSE score at randomization was 29 in both treatment groups. At the
last available evaluation, systolic and diastolic blood pressures were 8.3 mm Hg and 3.8
mm Hg lower (P � 0.001) in the active treatment group, but on average the MMSE scores
did not change in either group. However, in the placebo group the MMSE score decreased
when systolic (P � 0.001) or diastolic (P � 0.04) blood pressure decreased. In the active
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Fig. 8 Incidence of dementia by treatment group in the intention-to-treat and per-protocol anal-
yses.

treatment group the MMSE scores remained unchanged (P � 0.53) or improved slightly
(P � 0.01) with greater reductions in systolic or diastolic blood pressure. The between-
group differences in these associations were significant for systolic (P � 0.03) and dia-
stolic (P � 0.002) blood pressure.

The Syst-Eur findings suggest that in older people with isolated systolic hyperten-
sion, antihypertensive treatment may reduce the incidence of dementia. At the risk ob-
served in the placebo group, treating 1000 hypertensive patients for 5 years could prevent
19 cases.

Table 15 Etiology of Dementia

Active All
Characteristic Placebo treatment patients

Intention-to-treat analysis
Patient-years of follow-up 2737 2885 5622
All cases 21 11 32
Alzheimer’s dementia 15 8 23
Mixed dementia 4 3 7
Vascular dementia 2 0 2

Per-protocol analysis
Patient-years of follow-up 2260 2634 4894
All cases 15 7 22
Alzheimer’s dementia 13 5 18
Mixed dementia 2 2 4
Vascular dementia 0 0 0
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C. Prognostic Value of Conventional and Ambulatory Blood
Pressure (45–47)

Within the framework of the Syst-Eur Trial, the Study on Ambulatory Blood Pressure
Monitoring was set up to compare the prognostic accuracy of conventional and ambulatory
blood pressure measurements (45–47). Follow-up of the placebo group also allowed the
possibility of validating proposed diagnostic thresholds (48,49) for blood pressure moni-
toring in terms of morbidity and mortality. Of 198 Syst-Eur centers, 46 opted to enroll
their patients.

Interim reports on the Study of Ambulatory Blood Pressure Monitoring showed: (a)
that the daytime systolic blood pressure decreased by 2 to 3 mm Hg on long-term placebo
treatment (50); (b) that in parallel-group trials or in clinical experiments focusing on the
blood pressure course during the whole day, ambulatory blood pressure monitoring does
not allow economizing on sample size (51); (c) and that it is possible to calculate the
trough-to-peak ratio in parallel-group trials while fully accounting for placebo effects as
well as interindividual variability (52).

In the main analysis of the Study on Ambulatory Blood Pressure Monitoring
(47), 29 (3.5%) of 837 randomized patients with a 24-hour blood pressure recording
at baseline were excluded because less than 80% of the required readings were available.
Systolic and diastolic blood pressures were, on average, 21.9 mm Hg and 1.9 mm Hg
higher (P � 0.001) on conventional than on daytime ambulatory measurement (Table
16). The corresponding mean � 2 SD intervals ranged from �8.3 to �52.3 mm Hg and
from �17.2 to �21.2 mm Hg, respectively. Awake and sleeping blood pressures were
similar to daytime (from 10:00 AM to 8:00 PM) and nighttime (from midnight to 6:00
AM) blood pressures, respectively. The results of Cox regression were also comparable
regardless of which of the two definitions of the diurnal high and low blood pressure
spans was considered. Because short fixed-clocktime intervals (53) are easy to reproduce
across studies, only the results for the daytime and the nighttime blood pressures were

Table 16 Conventional and Ambulatory Blood Pressures at
Randomization in 808 Patients

Systolic, Diastolic,
mm Hg mm Hg

Mean (SD) conventional* blood pressure in 173.3 (10.8) 86.0 (5.8)
the sitting position

Mean (SD) ambulatory blood pressure
24-hour 145.8 (15.6) 79.3 (8.9)
Daytime (10:00 AM–8:00 PM) 151.4 (16.2) 84.1 (9.8)
Nighttime (0–6:00 AM) 134.0 (18.6) 70.2 (10.1)
Nocturnal blood pressure fall† 17.4 (14.8) 13.8 (8.8)
Night-to-day blood pressure ratio‡ 0.89 (0.09) 0.84 (0.10)
Awake 151.0 (15.8) 83.6 (9.4)
Sleeping 134.7 (18.1) 70.8 (9.9)

*Mean of six readings, i.e., two at each of three baseline visits, 1 month apart.
†Daytime minus nighttime blood pressure.
‡Dimensionless ratio of nighttime to daytime blood pressure.
Abbreviation: SD, standard deviation.
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Table 17 Relative Hazard Rates* for Ambulatory Systolic Blood Pressure After Adjustment for the Conventional Systolic Blood Pressure and Various
Entry Characteristics

Mortality Fatal and nonfatal endpoints combined

Total Cardiovascular Cardiovascular Stroke Cardiac

Placebo group (n � 393)
24-hour pressure 1.19 (0.95–1.49) 1.29 (0.95–1.75) 1.27 (1.05–1.54)b 1.51 (1.06–2.15)b 1.14 (0.90–1.43)
Daytime pressure 1.14 (0.91–1.42) 1.25 (0.92–1.69) 1.20 (1.00–1.45)b 1.61 (1.14–2.28)c 1.06 (0.85–1.33)
Nighttime pressure 1.21 (1.00–1.47)b 1.39 (1.07–1.79)b 1.31 (1.12–1.53)d 1.25 (0.94–1.66) 1.22 (1.06–1.54)b

Active treatment (n � 415)
24-hour pressure 0.95 (0.72–1.24) 0.89 (0.61–1.30) 1.05 (0.84–1.31) 1.15 (0.69–1.90) 1.05 (0.81–1.35)
Daytime pressure 0.81 (0.62–1.06) 0.86 (0.60–1.25) 0.94 (0.77–1.16) 0.82 (0.52–1.29) 0.97 (0.77–1.24)
Nighttime pressure 1.05 (0.86–1.27) 1.00 (0.77–1.30) 1.12 (0.95–1.32) 1.38 (0.96–2.00) 1.07 (0.89–1.29)

Both groups (n � 808)†
24-hour pressure 1.09 (0.92–1.29) 1.11 (0.88–1.40) 1.17 (1.01–1.35)b 1.36 (1.04–1.79)c 1.11 (0.93–1.31)
Daytime pressure 0.98 (0.83–1.17) 1.07 (0.85–1.34) 1.08 (0.94–1.24) 1.25 (0.97–1.61) 1.03 (0.87–1.21)
Nighttime pressure 1.14 (1.00–1.30)b 1.18 (0.98–1.42)a 1.20 (1.08–1.35)c 1.31 (1.06–1.62)b 1.16 (1.02–1.33)b

*Relative hazard rates with 95% confidence interval between parentheses reflect the risk associated with a 10 mm Hg increase in systolic ambulatory blood pressure. Risk estimates
were adjusted for sex, age, previous cardiovascular complications, smoking, residence in western Europe, and the conventional systolic blood pressure at entry; aindicates P �

0.07; bP � 0.05; cP � 0.01; and dP � 0.001.
†Also adjusted for active treatment.
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reported. The mean (SD) within-subject coefficient of variation was significantly smaller
for the nighttime than for the daytime blood pressure (8.7 [3.6]% vs 10.4 [3.3]%; P �
0.001).

With cumulative adjustments applied for sex, age, previous cardiovascular compli-
cations, smoking, and residence in western Europe (23), a higher systolic blood pressure
at randomization predicted a worse prognosis, whereas the association between diastolic
blood pressure and outcome was not significant. In the placebo group (n � 393), the 24-
hour, daytime, and nighttime systolic ambulatory blood pressures predicted the incidence
of cardiovascular complications even after further adjustment for the conventional blood
pressure (Table 17). The nighttime systolic blood pressure behaved as a more accurate
predictor of endpoints than the daytime level (except for stroke). The 24-hour level and
the night-to-day ratio of systolic blood pressure were significantly and independently cor-
related with the incidence of all cardiovascular endpoints in the placebo group. The relative
hazard rates associated with a 10 mm Hg increase in the 24-hour blood pressure and with
a 10% higher night-to-day ratio were 1.23 (CI: 1.03–1.46; P � 0.02) and 1.41 (CI: 1.03–
1.94; P � 0.03), respectively. In the placebo group, the cardiovascular risk conferred by
a conventional systolic blood pressure of 160 mm Hg at randomization was similar to
those associated with a 24-hour, daytime, or nighttime systolic blood pressure of 142 mm
Hg (CI: 128–156 mm Hg), 145 mm Hg (CI: 126–164 mm Hg), or 132 mm Hg (CI: 120–
145 mm Hg), respectively. In the active treatment group (n � 415), systolic blood pressure
at randomization did not significantly predict cardiovascular risk, regardless of the tech-
nique of blood pressure measurement.

D. Pulse Pressure as Independent Cardiovascular Risk Factor (54)

Current guidelines for the management of hypertension rest almost completely on the
measurement of systolic and diastolic blood pressure. However, the arterial blood pressure
wave is more correctly described as consisting of a pulsatile (pulse pressure) and a steady
(mean pressure) component. In a meta-analysis of the Syst-Eur (22) and Syst-China (55)
trials and the former trial conducted by the European Working Party on High Blood Pres-
sure in the Elderly (1), the independent roles of pulse pressure and mean pressure as
determinants of cardiovascular prognosis in older hypertensive patients were further inves-
tigated (54).

The relative hazard rates associated with pulse pressure and mean pressure were
calculated, using Cox regression with stratification for the three trials and with adjustments
for sex, age, previous cardiovascular complications, smoking, and treatment group (54).
A 10 mm Hg wider pulse pressure increased the risk of all major complications. After
controlling for mean pressure and other covariates, the relative risks amounted to 15%
for all-cause mortality (CI: 7 to 22%; P � 0.001), 22% for cardiovascular mortality (CI:
13 to 33%; P � 0.001), 17% for all cardiovascular endpoints (CI: 10 to 24%; P � 0.001),
17% for fatal and nonfatal stroke (CI:7 to 29%; P � 0.001), and 13% for coronary end-
points (CI: 2 to 24%; P � 0.02) (54). In a similar analysis, mean pressure predicted the
incidence of cardiovascular complications but only after removal of pulse pressure as an
explanatory variable from the model. Furthermore, the probability of a major cardiovascu-
lar endpoint increased with higher systolic blood pressure; at any given level of systolic
blood pressure, it also rose with lower diastolic blood pressure, suggesting that indeed
the wider pulse pressure was driving the risk of major complications (54).
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IX. INTERPRETATION

Stepwise antihypertensive drug treatment in the Syst-Eur trial consisted of the dihydropyri-
dine calcium-channel blocker nitrendipine, the converting-enzyme inhibitor enalapril and
the thiazide diuretic hydrochlorothiazide. In elderly patients with isolated systolic hyper-
tension, these drugs reduced the risk of stroke, the primary endpoint in the Syst-Eur trial,
as well as the incidence of various other cardiovascular complications and dementia.

A. Syst-Eur, a Trial in Older Patients with Isolated Systolic
Hypertension

The benefits of antihypertensive treatment in the Syst-Eur study were, in relative terms,
similar to those in six other trials (1,2,4,56–58) in older patients with combined systolic
and diastolic hypertension. Overall, in these studies, antihypertensive treatment reduced
fatal stroke by 33% and cardiovascular mortality by 22% (59). In a subsequent quantitative
review (60) that also included the SHEP trial (10) but not the small Japanese study by
Kuramoto (57), these pooled estimates were also the same, that is, 33% and 22%.

The benefit of antihypertensive treatment is usually expressed in relative terms as
the percentage reduction in the event rate compared with the control group. However, this
quantity may be misleading, because in absolute terms the number of patient-years of
treatment required to prevent one event varies proportionally with the underlying risk, as
estimated from the event rate observed in the control group (60,61). Among nine interven-
tion trials in the elderly (1,2,4,10,22,55–58), including the Syst-Eur trial (Fig. 9), the
absolute benefit with regard to all strokes and cardiovascular mortality was small in the
group of older (age 60 or older) patients enrolled in the Australian Trial in Mild Hyperten-
sion (4) and in the Medical Research Council Trial (58), and large in the Swedish Trial
in Old Patients with Hypertension (56). Per 1000 patients treated for 5 years, the number
of strokes or cardiovascular deaths prevented ranged from 10 (4,58) to 74 (56) and from
6 (4,58) to 67 (56), respectively. In the analysis by intention-to-treat, the Syst-Eur results
with respect to the number of prevented strokes were in close agreement with those re-
ported by the SHEP investigators (10). In relative terms, the percentage reduction in stroke
incidence amounted to 42% and 36% (10), respectively, whereas in both trials nearly 1000
patients had to be treated for 5 years to prevent 30 strokes. For cardiovascular mortality,
the relative benefit in the intention-to-treat analysis amounted to 27% and 20% (10), re-
spectively, whereas 5000 patient-years of treatment prevented 18 and 10 (10) cardiovascu-
lar deaths.

Syst-Eur was the first outcome trial in hypertension that has recruited patients in
eastern as well as western Europe. Of 8926 patients entered in the registers of screened
patients, 52.6% were randomized. The Syst-Eur patients were recruited by population
screening, at family practices (62), and at primary and secondary referral centers. On the
other hand, the Syst-Eur trial included only 3.5% patients with previous myocardial in-
farction and 1.2% with a history of stroke. The exclusion of patients with major cardiovas-
cular complications and the selection of individuals likely to comply with long-term fol-
low-up and treatment are factors that must be taken into account when the Syst-Eur results
are extrapolated. In the SHEP trial (10), 447,921 individuals were contacted, mainly by
mass mailing and community screening. Of these, 11.6% met the initial criteria, 2.7%
completed the baseline visit, and 1.1% (n � 4736) were randomized. In the SHEP trial,
the maximal diastolic blood pressure at randomization was 5 mm Hg lower than in the
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Fig. 9 Comparison of the relative (left) and absolute (right) benefits of antihypertensive drug
treatment with regard to cardiovascular mortality (top) and fatal and nonfatal stroke (bottom) in
the Systolic Hypertension in Europe Trial (Syst-Eur) and in older (� 60 years) hypertensive patients
enrolled in eight other intervention trials (Australian Therapeutic Trial in Mild Hypertension
[ATTMH],4 Coope and Warrender [COOPE],2 European Working Party on High Blood Pressure in
the Elderly Trial [EWPHE],1 Kuramoto et al. [KURAMOTO],57 Medical Research Council Trial
[MRC],58 Systolic Hypertension in the Elderly Program [SHEP],10 Systolic Hypertension in China
Trial [Syst-China],55 and Swedish Trial in Older Patients with Hypertension [STOP]56).
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Syst-Eur study. In spite of these differences in recruitment and selection criteria, total
and cardiovascular mortality in the placebo arms of the SHEP and Syst-Eur trials were
approximately similar, that is, 23 versus 24 deaths per 1000 patient-years and 10 versus
13 deaths per 1000 patient-years.

The number of Syst-Eur patients initially (22) reported as lost to follow-up was
substantially lower than, for instance, in the 176 general practices taking part in the Medi-
cal Research Council trial of mild hypertension (19%) (63). In the final Syst-Eur database
(33), the proportion of patients lost to follow-up was similar to that in the Hypertension
Optimal Treatment trial (2.6%), which stopped according to plan after 1100 events and
after all patients had been followed for at least 3 years (64). The Syst-Eur experience
confirms that in large multicenter trials terminating early, not all endpoints will be avail-
able when the main outcome results are published. Trialists should be encouraged to con-
tinue searching for unreported endpoints and to publish a final complete analysis. How-
ever, the update will not lead to different conclusions unless there was selective
underreporting of events in one treatment group.

B. Syst-Eur and the Controversy on Calcium-Channel Blockers

Shortly after the first publication of the morbidity and mortality results of the Syst-Eur
trial, the question arose whether the observed beneficial effects of active treatment could
be ascribed to any of the drugs used in the trial. Further analyses suggested that the dihy-
dropyridine calcium-channel blocker nitrendipine, independent of the other associated an-
tihypertensive drugs, prevented cardiovascular complications in older patients with iso-
lated systolic hypertension (27).

So-called ‘‘post hoc’’ analyses have inherent limitations, because they may not fol-
low the lines of randomization. However, in the per-protocol analysis of all randomized
patients, this problem was minimized. At 6 months, when most actively treated patients
were still on monotherapy with nitrendipine or matching first-line placebo, the reduction
in all cardiovascular endpoints was of the same order of magnitude as at 2 or 4 years of
follow-up (Fig. 6). However, because no other antihypertensive drugs were compared to
placebo, any difference between the two treatment groups may still have been the result
of blood pressure reduction rather than to a drug-class effect.

To ascertain that the apparent benefit conferred by nitrendipine was not caused by
selection bias in the control group, the 1327 patients remaining on monotherapy with
active nitrendipine were matched by sex, age, previous cardiovascular complications, and
systolic blood pressure at entry with an equal number of placebo patients, regardless of
the type of placebos taken. In this analysis (Table 13), nitrendipine reduced cardiovascular
mortality by 41%, all cardiovascular endpoints by 33%, and cardiac endpoints by 33%.
In all randomized patients, the corresponding estimates of benefit in the per-protocol analy-
sis (23) were 26% (P � 0.13), 32% (P � 0.001), and 26% (P � 0.05), respectively. Thus,
the nearly one-third reduction of all cardiovascular endpoints in the subset of patients on
monotherapy with nitrendipine is consistent with the overall benefit observed in all patients
randomized to active treatment. This observation again suggests that cardiovascular pre-
vention in the Syst-Eur trial may to a large extent be ascribed to calcium-channel blockade.
The small number of patients on single treatment with enalapril made any search for
specific effects of this drug impossible.

Three studies (55,65,66) investigated the effects of the dihydropyridine calcium-
channel blockers in Chinese hypertensive patients but followed an unorthodox design
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(66). The Cheng-Du nifedipine trial was a prospective placebo-controlled trial of 683
hypertensive patients (65). Over the 6 years of follow-up, the incidence of cardiovascular
events decreased from 14.0% to 5.2% (P � 0.05). The Shanghai Trial of Nifedipine in
the Elderly (STONE) was a single-blind trial, in which 1797 patients were alternatingly
assigned to nifedipine (10 to 60 mg/day) or placebo with the possible addition in both
treatment groups of active captopril (20 to 50 mg/day) or hydrochlorothiazide (25 mg/
day) (66). Patients whose diastolic blood pressure exceeded 110 mm Hg were reallocated
to nifedipine. A total of 165 patients were excluded from analysis, but all endpoints were
blindly assessed. In an intention-to-treat analysis, total stroke incidence decreased by 57%
(CI: �23 to �76%). In the nifedipine group, total mortality tended to decline by 45% (CI:
�71 to 3%). No significant changes were observed in cardiovascular mortality (�26%;
CI: �66 to 62%) or in the incidence of fatal and nonfatal myocardial infarction (�6%;
CI: �87 to 566%) and cancer (�76%; CI: �95 to 13%) (66). The Systolic Hypertension
in China (Syst-China) Trial was a placebo-controlled study in older (age 60 or older)
Chinese patients with isolated systolic hypertension (55,67,68). The first-line antihyperten-
sive agent in this study was also nitrendipine (10 to 40 mg/day) with the possible addition
of captopril (12.5 to 50 mg/day) and hydrochlorothiazide (12.5 to 50 mg/day). At entry,
the sitting blood pressure averaged 171 mm Hg systolic and 86 mm Hg diastolic, age
averaged 66.5 years, and total serum cholesterol was 5.1 mmol/L. At 2 years of follow-
up, the sitting systolic and diastolic blood pressures had fallen by 10.9 mm Hg and 1.9
mm Hg in the placebo group and by 20.0 mm Hg and 5.0 mm Hg in the active treatment
group. The between-group differences were 9.1 mm Hg systolic (CI: 7.6 to 10.7 mm Hg)
and 3.2 mm Hg diastolic (CI: 2.4 to 4.0 mm Hg). Active treatment reduced total stroke
by 37% (CI: 14 to 53%; P � 0.01), all-cause mortality by 39% (CI: 16 to 57%; P �
0.003), cardiovascular mortality by 39% (CI: 4 to 61%, P � 0.03), stroke mortality by
58% (14 to 80%; P � 0.02), and all fatal and nonfatal cardiovascular endpoints by 37%
(CI: 14 to 53%; P � 0.004) (55).

In 1995, a case-control study raised the possibility that calcium-channel blockers
prescribed to patients with hypertension might increase the risk of myocardial infarction
(19). In a quantitative review of 16 randomized secondary prevention trials, the use of
short-acting nifedipine in patients with coronary heart disease was found to be associated
with a 16% (CI: 1 to 33%) higher mortality (18). Furthermore, a prospective cohort study
observed that the intake of verapamil and diltiazem, but not nifedipine, was correlated
with a greater risk of gastrointestinal hemorrhage in hypertensive persons older than age
67 (16). Other findings in the same cohort suggested that treatment with calcium-channel
blockers would be associated with a general increased risk of cancer (17,69).

These observational reports (16–19,69) left a large margin of uncertainty. With re-
gard to myocardial infarction, confounding by indication could not be excluded. Further-
more, as suggested by one editorialist (70), the meta-analysis in patients with coronary
heart disease hinged on the inclusion of the 2-week rather than the 6-month follow-up
data of two reports (71,72) and included a group of patients with only mild coronary
lesions (73). In sensitivity analyses, the increased risk also seemed to be confined to sub-
jects taking at least 80 mg nifedipine per day (18). One report (17) associating the use of
calcium-channel blockers with cancer was based on 47 exposed cases spread over a wide
variety of cancer sites and only provided information on exposure to calcium-channel
blockers at baseline. In the same cohort, patients taking calcium-channel blockers were
more likely to be on treatment with warfarin (6.0% vs 2.6%; P � 0.001) or aspirin (37.3%
vs 29.7%; P� 0.001) (17), which may have confounded the issue of gastrointestinal bleed-
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ing (16). A nested case-control analysis based on the information taken from the General
Practice Research Database in the United Kingdom collected full information on exposure
time but did not find an increased cancer risk in users of calcium-channel blockers or
angiotensin converting-enzyme inhibitors relative to the patients on beta-blockers (74).

The first-line antihypertensive agent in the Syst-Eur trial was nitrendipine, a cal-
cium-channel blocker of the dihydropyridine class with a terminal plasma half-life of 12
hours (9). The median duration of exposure in the active treatment group was 1.7 years
(per-protocol analysis) (23). Compared with the placebo group, no changes occurred in
noncardiovascular mortality and the incidence of cancer and bleeding. After termination
of the trial on February 14, 1997, all Syst-Eur patients were offered the same treatment
as those initially randomized to nitrendipine, enalapril, and hydrochlorothiazide. The Syst-
Eur patients will remain in open follow-up to confirm the safety of dihydropyridines in
the long-term management of isolated systolic hypertension (75).

C. Use of Calcium-Channel Blockers in Diabetic Patients

Recently, the controversy on the use of calcium-channel blockers found new life in a
series of articles (32,76–79) and comments (80) suggesting that calcium-channel blockers,
including second-generation dihydropyridines, such as amlodipine (76) or nisoldipine
(32), might be harmful, particularly in hypertensive patients with diabetes mellitus. The
Syst-Eur Trial is the first double-blind placebo-controlled outcome study that proved that
antihypertensive treatment starting with a dihydropyridine calcium-channel blocker was
particularly beneficial in diabetic patients (34,81). Cardiovascular benefit was observed
as equal in the patients remaining on monotherapy with nitrendipine and in those pro-
gressing to combined treatment with nitrendipine plus enalapril, hydrochlorothiazide, or
both (34,81).

The Syst-Eur findings in diabetic and nondiabetic patients were recently reinforced
by a subgroup analysis of the placebo-controlled Syst-China Trial (68). Of 2394 Syst-
China patients, 98 had diabetes (4.1%). On active treatment, the net placebo-subtracted
differences in blood pressure after 2 years were �6.0/�4.7 mm Hg in the diabetic patients
and �9.3/�3.1 mm Hg in the nondiabetics. With adjustment for possible confounders,
active treatment decreased the relative risk in diabetic and nondiabetic patients as follows:
�59% versus �36% for total mortality; �57% versus �33% for cardiovascular mortality;
and �74% versus �34% for all cardiovascular endpoints. However, because of the small
number of diabetic patients, the diabetes-by-treatment interaction terms were not statisti-
cally significant. Nevertheless, active treatment reduced the excess cardiovascular mortal-
ity and morbidity observed in the diabetic Syst-China patients to a nonsignificant
level (68).

D. Prevention of Dementia

In older patients with isolated systolic hypertension, active treatment starting with the
dihydropyridine calcium-channel blocker nitrendipine halved the rate of dementia from
7.7 to 3.8 cases per 1000 patient-years (36).

The primary hypothesis tested in the Syst-Eur project on cognitive function was
that a reduction in blood pressure would protect against vascular dementia (35). In keeping
with this hypothesis, the MMSE scores improved slightly with decreasing diastolic blood
pressure in the active treatment group. The prevention of Alzheimer’s disease was unex-
pected, although recent studies indicate that vascular factors, particularly hypertension,
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may play a role in the development of degenerative dementias as well as vascular dementia
proper (82). On the other hand, the observation that antihypertensive treatment with a
thiazide did not protect against cognitive impairment in the SHEP trial (10) argues against
the prevention of dementia just by lowering the blood pressure. In vascular and degenera-
tive dementias, the calcium-channel blocker nimodipine, compared with placebo, slightly
improved the MMSE-scores (83). Thus, an additional or alternative explanation, albeit
still unproven, could involve specific neuroprotection conferred by calcium-channel block-
ade (83–85). Indeed, the aging brain loses its ability to regulate intracellular calcium,
leading to a cascade of cellular impairments and, ultimately, to cell death (84,85). In
patients with Alzheimer’s disease, beta-amyloid may raise the concentration of intraneuro-
nal free calcium and through this very mechanism may sensitize the brain to neurotoxins,
such as proinflammatory substances or pro-oxidants (85). The hypothesis of a possible
central nervous action of nitrendipine is also supported by the observation that this drug
crosses the blood-brain barrier and reduces the turnover of monoamine neurotransmitters
(86), of which many are deficient in degenerative dementias (85). Nitrendipine-binding
in the rat brain also occurs mainly at those sites that are primarily affected by Alzheimer’s
disease, such as the superficial cortex, thalamus, and hippocampus, and not in areas with
low synaptic density (87).

The potential reduction by 50% of the incidence of dementias by antihypertensive
drug treatment initiated with the dihydropyridine calcium-channel blocker nitrendipine
may have important public health implications in view of the increasing longevity of
populations worldwide. At the rate observed in the placebo group, treating 1000 hyper-
tensive patients for 5 years could prevent 19 cases, a benefit that could even be larger in
unselected higher risk groups. This beneficial outcome is in addition to the 53 major
cardiovascular endpoints similarly prevented by the active drugs used in the Syst-Eur
trial (22).

E. Ambulatory Blood Pressure as Cardiovascular Risk Factor

The Syst-Eur Trial was the first large-scale outcome trial in hypertension in which ambula-
tory blood pressure recordings were obtained in a substantial proportion of the randomized
patients (45–47). In untreated older patients with isolated systolic hypertension, the ambu-
latory systolic blood pressure, over and above the conventional blood pressure, predicted
cardiovascular risk. This was particularly manifest when the ambulatory systolic blood
pressure was measured at night or when the whole-day, daytime, or nighttime systolic
blood pressures exceeded 142 mm Hg, 145 mm Hg, or 132 mm Hg, respectively. Active
treatment almost completely abolished the risk conferred by an increased ambulatory
blood pressure at baseline. In the placebo group, the risk conferred by any level of conven-
tional systolic blood pressure at entry declined by nearly one fifth for each 10 mm Hg
increase in the white-coat effect (conventional minus daytime blood pressure). Introducing
both the conventional and the ambulatory blood pressure as continuous variables in the
same Cox regression model, avoided the use of arbitrary diagnostic thresholds to classify
the patients into those with white-coat hypertension and those with sustained hypertension.

The hypothesis that nondipping would be associated with greater cardiovascular risk
(88) is not generally accepted (89). Poor reproducibility of the dipping status (90) and
the use of varying definitions for nondipping (91,92) sustain the controversy. To avoid
arbitrary thresholds for the dipping status, the night-to-day blood pressure ratio was ana-
lyzed as a continuous variable (47). The hypothesis (88) of an inverse association between
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cardiovascular risk and the blood pressure fall at night was confirmed. Indeed, with adjust-
ment for the 24-hour blood pressure and other risk factors (23), the cardiovascular risk
in the placebo group increased by 41% for each 10% increment in the night-to-day ratio.
In addition, in the placebo group and in all patients combined, the nighttime blood pressure
behaved as a more consistent predictor of major endpoints than the daytime blood pressure.
The influence of physical and psycho-emotional stress may weaken the predictive power
of the daytime blood pressure, whereas the greater uniformity resulting from sleeping may
help to demonstrate correlations with the nighttime blood pressure. The smaller within-
subject coefficient of variation for the nighttime blood pressure than for the daytime blood
pressure was in line with this hypothesis (47).

F. The Guidelines for Antihypertensive Drug Treatment Before
and After Syst-Eur

In the early 1990s, the role of the newer classes of antihypertensive drugs in the pharmaco-
logical treatment of uncomplicated hypertension remained debated (28,93). According to
the 1993 guidelines in the United States (94), diuretics and beta-blockers were the only
classes of drugs that had been used in long-term controlled clinical trials and shown to
reduce morbidity and mortality. They were, therefore, recommended as first-choice agents
unless contraindicated or unacceptable, or unless there are special indications for other
agents (94). In contrast, a joint committee of the World Health Organization and the Inter-
national Society of Hypertension (95,96) was of the opinion that although most clinical
trials tested diuretics, centrally acting drugs, vasodilators, or beta-blockers, often in combi-
nation, no evidence was available that the benefits would have been the result of any
particular class of antihypertensive drugs rather than to the lowering of blood pressure
per se. These experts recommended several drugs that may be prescribed as first-line
treatment of mild sustained hypertension. They listed the drug classes in order of proven
benefit on morbidity and mortality as (a) diuretics, (b) beta-blockers, and (c) converting-
enzyme blockers, calcium-channel blockers, and alpha-adrenoceptor blocking drugs
(95,96). Although both sets of guidelines (94,95) differed in their approach to designate
the first-line antihypertensive agents, they were unanimous in recognizing the urgent need
to evaluate the effectiveness of calcium-channel blockers and converting-enzyme inhibi-
tors in reducing long-term morbidity and mortality in the treatment of hypertension.

The Syst-Eur trial provided evidence that the newer generations of antihypertensive
drugs, particularly the long-acting dihydropyrides, improved prognosis in a large subset
of the hypertensive population. In 1997, the Joint National Committee on Prevention,
Detection, Evaluation and Treatment of Hypertension took the evidence provided by the
Syst-Eur trial into account and revised the guidelines for treating older hypertensive pa-
tients (48). The committee recommended that in older patients with isolated systolic hyper-
tension, diuretics remain preferred because they have significantly reduced multiple car-
diovascular complications. In addition, the committee acknowledged that the Syst-Eur
trial had shown a 42% reduction in fatal and nonfatal stroke over an average 2-year interval
and that overall cardiovascular complications had been significantly reduced. The commit-
tee concluded that because nitrendipine is not available in the United States, other long-
acting dihydropyridine calcium antagonists could be considered to be appropriate alterna-
tives in older patients with systolic hypertension.

In agreement with earlier commentaries (97,98), it is likely that expert committees
will further revise the current guidelines for the treatment of older hypertensive patients
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based on the Syst-Eur results in diabetes mellitus (34,99) and dementia (36). In addition,
the observation that the ambulatory blood pressure is a significant predictor of outcome
(47), over and above the conventional blood pressure, may lead to new guidelines for
selecting patients with sustained hypertension as the most suitable candidates for antihy-
pertensive treatment.

X. CONCLUSIONS

In summing-up the Syst-Eur trial, four conclusions emerge. First, this trial confirmed the
SHEP findings (10) that antihypertensive treatment of older patients with isolated systolic
hypertension prevents or postpones cerebrovascular and other cardiovascular complica-
tions (22,23). Second, the newer antihypertensive drug classes, exemplified by the cal-
cium-channel blocker nitrendipine, with the possible addition of enalapril, are at least
equipotent to conventional drugs and may well serve as substitutes for the prevention of
cardiovascular complications (27,81). Third, long-acting dihydropyridine calcium-channel
blockers may be particularly indicated in patients with isolated systolic hypertension who
also have diabetes mellitus (34) or who are at risk of dementia (36). Finally, the circum-
stantial evidence (16–19,32,69,76–79) for potentially dangerous side effects of calcium-
channel blockers has not been borne out when put to the more rigorous test of a double-
blind placebo-controlled prospective trial with a median follow-up of 2 years.
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15. Staessen JA, Amery A, Birkenhäger W. Inverse association between baseline pressure and
benefit from treatment in isolated systolic hypertension. Hypertension 1994; 23:269–270.

16. Pahor M, Guralnik JM, Furberg CD, Carbonin P, Havlik RJ. Risk of gastrointestinal haemor-
rhage with calcium antagonists in hypertensive persons over 67 years old. Lancet 1996; 347:
1061–1065.

17. Pahor M, Guralnik JM, Ferrucci L, Corti MC, Salive ME, Cerhan JR, Wallace RB, Havlik
RJ. Calcium-channel blockade and incidence of cancer in aged populations. Lancet 1996; 348:
493–497.

18. Furberg CD, Psaty BM, Meyer JV. Nifedipine. Dose-related increase in mortality in patients
with coronary heart disease. Circulation 1995; 92:1326–1331.



352 Staessen et al.

19. Psaty BM, Heckbert SR, Koepsell TD, Siscovick DS, Raghunathan TE, Weiss NS, Rosendaal
FR, Lemaitre RN, Smith NL, Wahl PW, Wagner EH, Furberg CD. The risk of myocardial
infarction associated with antihypertensive drug therapies. JAMA 1995; 274:620–625.

20. 41st World Medical Assembly. Declaration of Helsinki: recommendations guiding physicians
in biomedical research involving human subjects. Bull Pan Am Health Organ 1990; 24:606–
609.

21. International Classification of Diseases. Manual of the International Statistical Classification
of Diseases, Injuries, and Causes of Death. Based on the Recommendations of the Ninth Revi-
sion Conference, 1975, and Adopted by the Twenty-Ninth World Health Assembly. Volume
1. Geneva, Switzerland: World Health Organization, 1977.

22. Staessen JA, Fagard R, Thijs L, Celis H, Arabidze GG, Birkenhäger WH, Bulpitt CJ, de Leeuw
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AE, Babarskiene MR, Forette F, Kocemba J, Laks T, Leonetti G, Nachev C, Petrie JC, Tuomi-
lehto J, Vanhanen H, Webster J, Yodfat Y, Zanchetti A, for the Systolic Hypertension in
Europe (Syst-Eur) Trial Investigators. Subgroup and per-protocol analysis of the randomized
European trial on isolated systolic hypertension in the elderly. Arch Intern Med 1998; 158:
1681–1691.

24. Cox DR. Regression models and life tables. J R Stat Soc B 1972; 34:187–220.
25. O’Brien PC, Fleming TR. A multiple testing procedure for clinical trials. Biometrics 1979;

35:549–556.
26. Report of a WHO Study Group. Prevention of Diabetes Mellitus. Geneva, Switzerland: World

Health Organization, 1994.
27. Staessen JA, Thijs L, Fagard RH, Birkenhäger WH, Arabidze G, Babeanu S, Gil-Extremera
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56. Dahlöf B, Lindholm LH, Hansson L, Scherstén B, Ekbom T, Wester PO. Morbidity and mor-
tality in the Swedish Trial in Old Patients with Hypertension (STOP-Hypertension). Lancet
1991; 338:1281–1285.

57. Kuramoto K, Mutsushita S, Kuwajima I. The pathogenetic role and treatment of elderly hyper-
tension. Jpn Circ J 1981; 45:833–843.

58. MRC Working Party. Medical Research Council trial of treatment of hypertension in older
adults: principal results. BMJ 1992; 304:405–412.

59. Thijs L, Fagard R, Lijnen P, Staessen J, Van Hoof R, Amery A. A meta-analysis of outcome
trials in elderly hypertensives. J Hypertens 1992; 10:1103–1109.

60. Lever AF, Ramsay LE. Editorial review: treatment of hypertension in the elderly. J Hypertens
1995; 13:571–579.

61. Thijs L, Fagard R, Lijnen P, Staessen J, Van Hoof R, Amery A. Why is antihypertensive drug
therapy needed in elderly patients with systolodiastolic hypertension? J Hypertens 1994; 12
(suppl 6):S25–S34.

62. Celis H, Yodfat Y, Thijs L, Clement D, Cozic J, De Cort P, Forette F, Grégoire M, Heyrman
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I. PRIOR HYPOTHESES

A. Cardiovascular Events in Treated Hypertensive Patients

A large number of randomized controlled trials have documented the benefit of lowering
blood pressure with antihypertensive drugs, having shown a particularly striking reduction
in fatal and nonfatal strokes and a less marked, although significant, reduction in coronary
events (1). However, treated hypertensive patients are known to run a considerably higher
risk of cardiovascular complications than matched normotensive subjects of the same age
and sex. In the Dalby study, a significantly higher cardiovascular morbidity rate was found
in most age groups when treated hypertensive patients in this southern Swedish community
were compared with age and sex-matched normotensive individuals from the same com-
munity in a 3-year retrospective study (2). In the Dalby study, it was obvious that highly
statistically significant reductions in arterial pressure had been obtained in the treated
individuals. Despite this, blood pressure levels in the treated patients were still signifi-
cantly higher than in the matched normotensive subjects (2). It is therefore not unlikely
that the failure to ‘‘normalize’’ the risk in the treated patients may have been the result
of the failure of ‘‘normalizing’’ their blood pressure.

A similar type of study in the Glasgow Blood Pressure Clinic investigated mortality
in treated hypertensive patients (3). The mortality in almost 4000 patients with nonmalig-
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nant hypertension was compared with that of two control populations near Glasgow during
a 6.5-year period. Somewhat disappointingly, the mortality in the treated hypertensive
patients was found to be 2 to 5 times higher than in the normal populations (3).

Results of the kind shown in the Dalby and Glasgow studies, that is, higher cardio-
vascular morbidity and mortality in treated hypertensive patients than in matched normo-
tensive subjects, could be explained by several different circumstances. It is obvious from
the two studies that the level of blood pressure in the treated patients was higher than in
the normotensive subjects and that benefits of treatment were greater in those in whom
blood pressure had been reduced most. This suggests that insufficient lowering of the
elevated blood pressure may have been an important explanation for the high morbidity
and mortality found in the treated hypertensive patients.

It is also clear that substantial proportions of treated hypertensive patients do not
reach goal blood pressure. This is not only shown by surveys of medical practices in
various countries (4), but, as shown in Table 1, in controlled trials of antihypertensive
therapy as well, where between one fifth and almost half of all treated patients failed to
reach goal blood pressures.

B. The J-Shaped Curve Hypothesis

Even if the results of several intervention trials in hypertension suggest that blood pressure
has been lowered insufficiently in many instances and that this could be one explanation
for the suboptimal results of antihypertensive treatment, the opposite opinion also has
been expressed, blood pressure lowered too vigorously could result in increased morbidity
and mortality.

Theoretically, it must be assumed that the relationship between the level of blood
pressure and the risk of any event, for instance of dying, must be J-shaped (5,6). In 1979,
Stewart (7) claimed that in a retrospective analysis of 169 hypertensive patients, the risk
of myocardial infarction was greater in patients in whom the diastolic blood pressure
(fourth Korotkoff phase) was lowered to less than 90 mm Hg as compared with 100 to
109 mm Hg. In 1987 Cruickshank and coworkers published a retrospective analysis of

Table 1 Lack of Blood Pressure Control in Major Trials of Antihypertensive Treatment

Patients not
Trial Blood pressure goal at goal (%)

HDFP (25) DBP � 90 mm Hg 23–27
Australian (29) DBP � 90 mm Hg 36
MRC-mild hypertension (26) DBP � 90 mm Hg 23
EWPHE (43) SBP/DBP � 160/90 mm Hg 25–32
IPPPSH (33) DBP � 90 mm Hg 35
HAPPHY (44) DBP � 95 mm Hg 23
SHEP (31) SBP � 160 mm Hg or reduction � 20 mm Hg 28–35
SystEur (30) SBP � 150 mm Hg and reduction � 20 mm Hg 56

Abbreviations: HDFP, Hypertension Detection and Follow-Up Program; DBP, diastolic blood pressure; MRC,
Medical Research Council, EWPHE, European Working Party on High Blood Pressure in the Elderly; SBP,
Systolic blood pressure; IPPPSH, The International Prospective Primary Prevention Study in Hypertensives;
HAPPHY, Heart Attack Primary Prevention in Hypertension; SHEP, Systolic Hypertension in the Elderly Pro-
gram; SystEur, Systolic Hypertension in Europe.
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939 treated hypertensive patients in which they claimed that lowering the diastolic blood
pressure to less than 85 to 90 mm Hg in patients with pre-existing ischemic heart disease
was associated with an increase in fatal myocardial infarctions (8). Support for this view
appeared to be provided by the study by Alderman et al., who followed 1765 previously
untreated hypertensive patients during a 4.2-year observation period (9). They found that
the 39 fatal and nonfatal myocardial infarctions that occurred in this study were signifi-
cantly more common in patients with a small (� 6 mm Hg) or a large (� 18 mm Hg)
fall in diastolic blood pressure, whereas patients with a reduction of diastolic blood pres-
sure between 7 and 17 mm Hg had a significantly smaller risk (9). Some support for this
view was also provided by the retrospective analysis by Samuelsson et al. (10).

Studies supportive of the J-shaped curve hypothesis have mostly been retrospective,
often open, and commonly with too few events to reach significant conclusions (5,6).
However, the real issue is not whether the relation between achieved blood pressure and
cardiovascular events is J-shaped (as mentioned above, it must be), but whether there are
additional benefits or risks in lowering blood pressure of patients with hypertension to
fully normotensive levels, that is, between 70 mm Hg and 85 mm Hg diastolic blood
pressure.

C. Effects of Antiaggregating Agents on Cardiovascular Events

Another possible approach to improving treatment benefits in patients with hypertension
is to associate antihypertensive therapy with correction of their cardiovascular risk factors.
Aggregation of platelets is an important mechanism for the development of thrombotic
complications, such as occlusions of coronary or cerebral arteries, that lead to myocardial
infarction or ischemic stroke. Therefore, many studies have explored the efficacy of anti-
platelet drugs, principally acetylsalicylic acid (ASA, aspirin) in preventing recurrence of
cardiovascular events in patients with a previous history of such events. In a meta-analysis
of 25 trials with antiplatelet drugs involving 29,000 patients, cardiovascular mortality was
reduced by 15% and the incidence of nonfatal cardiovascular events by 30% when ASA
was administered (11). In more recent trials, low doses of ASA have been as effective as
high doses in the secondary prevention of vascular events. Thus in the Swedish Aspirin
Low dose Trial [SALT (12)], daily use of 75 mg ASA reduced the risk of stroke by 18%
in patients with a previous history of transient ischemic attacks (TIA) or minor stroke.

Primary prevention trials with ASA have not shown uniform results. In the U.S.
Physicians Health Study, which involved more than 22,000 male doctors, the risk of myo-
cardial infarction was reduced by 44%, but this benefit was apparent only in participants
aged 50 years or older (13). A similar trial in British doctors, however, did not show any
significant effect of ASA on mortality, nonfatal stroke or myocardial infarction (14). No
intervention studies with ASA have been done in patients with hypertension, possibly
because the two major studies of primary prevention (13,14) have associated the use of
aspirin with a small increase in the risk of cerebral hemorrhage, a risk that could be greater
in hypertension.

II. PRIMARY AND SECONDARY OBJECTIVES OF THE HOT STUDY

The HOT study was designed to investigate the relationship between three different target
diastolic blood pressures obtained with long-term antihypertensive treatment and cardio-
vascular mortality and morbidity. The three therapeutic goals were diastolic blood pres-
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Table 2 Primary Objectives of the HOT study

1. To assess the relationship between major cardiovascular events (nonfatal myocardial in-
farction, nonfatal stroke, all cardiovascular deaths) and three target diastolic blood pressures
(aimed at � 90 mm Hg, � 85 mm Hg and � 80 mm Hg) during antihypertensive treatment
(intention-to-treat analysis)

2. To assess the relationship between major cardiovascular events (nonfatal myocardial in-
farction, nonfatal stroke, all cardiovascular deaths) and diastolic blood pressure achieved dur-
ing active antihypertensive therapy.

3. To assess if low-dose ASA in addition to antihypertensive therapy reduces major cardiovascu-
lar events (nonfatal myocardial infarction, nonfatal stroke, all cardiovascular deaths)

Abbreviations: HOT, Hypertension Optimal Treatment; ASA, acetylsalicylic acid.

sures of 90 mm Hg or less, 85 mm Hg or less, or 80 mm Hg or less. The study has
also explored the possible benefits of adding a daily dose of 75 mg ASA, by comparing
cardiovascular mortality and morbidity in patients receiving ASA or its placebo.

A. Primary Objectives

The primary objectives of the HOT study are detailed in Table 2. In brief, they were:

1. To assess the relationship between pooled major cardiovascular events and the
target diastolic blood pressures of � 80, � 85, � 90 mm Hg or the diastolic
blood pressure achieved during antihypertensive treatment.

2. To determine whether the addition of a low dose of ASA to antihypertensive
treatment reduces the incidence of pooled major cardiovascular events.

Table 3 Secondary Objectives of the HOT Study

1. To assess the relationship between target diastolic blood pressures and:
a) fatal and nonfatal myocardial infarction
b) fatal and nonfatal stroke
c) cardiovascular mortality
d) total mortality
e) fatal congestive heart failure
f) other fatal cardiovascular events
g) impaired renal function (serum creatinine � 200 µmol/L)
h) hospitalization (resulting from cardiovascular/noncardiovascular causes)

2. To assess if low-dose ASA added to antihypertensive treatment reduces:
a) fatal and nonfatal myocardial infarction
b) fatal and nonfatal stroke
c) cardiovascular mortality
d) total mortality
e) fatal congestive heart failure
f) other fatal cardiovascular events
g) impaired renal function (serum creatinine � 200 µmol/L)
h) hospitalization (resulting from cardiovascular/noncardiovascular causes)

Abbreviation: ASA, acetylsalicylic acid.
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B. Secondary Objectives

Secondary analyses (Table 3) were planned to examine the relationship between target
diastolic blood pressure and specific outcomes, such as total or cardiovascular mortality,
fatal and nonfatal coronary heart disease or stroke, and hospitalization. The effects on
these outcomes of adding a low dose of ASA to antihypertensive treatment were also
assessed.

Other analyses were planned to investigate the influence of factors such as age, sex,
previous history of myocardial infarction or stroke, diabetes mellitus, and smoking.

III. PROTOCOL OF THE STUDY (15)

A. Patients

Eligibility criteria are listed in Table 4.

B. Sample Size and Power Estimates

In the null hypothesis, it was assumed that the incidence of cardiovascular events would
be linearly related to target diastolic blood pressures. A deviation from this linear relation-
ship can be expressed as the distance of the incidence at 85 mm Hg to a line connecting
the incidences at 80 mm Hg and 90 mm Hg. The sample size needed to detect a deviation
depends on the expected incidence as well as the distance. Using the experience of the

Table 4 Eligibility Criteria for HOT Study Patients

Inclusion criteria
• Men and women
• Age between 50 and 80 years
• Essential hypertension
• Diastolic blood pressure � 100 mm Hg or � 115 mm Hg on two occasions, at least 1 week

apart, after discontinuation of all antihypertensive medication (if any) at least 2 weeks before
randomization.

Exclusion criteria
• Malignant hypertension
• Secondary hypertension
• Diastolic blood pressure � 115 mm Hg
• Stroke or myocardial infarction within 12 months before randomization
• Decompensated congestive heart failure
• Other serious concomitant disease which, in the opinion of the investigator, could affect sur-

vival during the next 2–3 years
• Patients who, in the opinion of the investigator, required a β-blocker, ACE inhibitor, or di-

uretic for reasons other than hypertension
• Patients who, in the opinion of the investigator, required antiplatelet or anticoagulant treat-

ment
• Insulin-treated diabetics
• Patients with known hypersensitivity to felodipine
• Patients with known contraindications to low-dose ASA

Abbreviations: HOT, Hypertension Optimal Treatment; ACE, angiotensin-converting enzyme; ASA, acetylsali-
cylic acid.
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STOP-Hypertension study (16), it was assumed that a total of 18,000 patients followed
up for 2.5 years would generate approximately 1100 major cardiovascular events (fatal
and nonfatal), and that it would then be possible to detect an 18% deviation from the line
by a two-sided test with a value of less than 0.05 and a power of 80%. The estimated
sample size of 40,000 patient-years was also considered sufficient to reveal a 10% differ-
ence in cardiovascular event incidence rate between a placebo group and an ASA-treated
group.

C. Statistical Analyses

In the analysis of trend and differences between target groups and the effects of ASA
compared with placebo, a Cox proportional hazard model was used to calculate relative
risk. In the analysis of the different events in relation to achieved blood pressure (mean
since entry), a Poisson model was used. The logarithm of the hazard rate was modeled
as a continuous function of mean blood pressure by connected linear and quadratic pieces
of specified intervals. Time-dependent (updated) information was used for the covariates
of current age, time from entry, and blood pressure from every 6 months. Two-tailed tests
were used.

D. Randomization Procedures

A special coordinating center for the HOT study was set up at the Clinical Research Center
(CRC) at the Östra Hospital in Göteborg, Sweden. Participating investigators worldwide
were to submit by fax information on patients to be included in the study to the coordinat-
ing center. They were informed by return fax about the therapeutic goal to which the
patient had been randomized. The following variables were taken into account when ran-
domizing patients:

• Age
• Sex
• Previous myocardial infarction
• Other coronary heart disease
• Previous stroke
• Diabetes mellitus (treated with diet or drugs)
• Previous antihypertensive treatment
• Smoking

Before being enrolled, eligible patients were informed verbally and in writing about
the purpose and conduct of the trial. Their informed consent was required.

Any ongoing antihypertensive medication was discontinued, and when the inclusion
criteria (diastolic blood pressure � 100 to � 115 mm Hg) were met, the patients were
randomized. At the randomization visit, three measurements of seated blood pressure were
made and heart rate recorded after 5 minutes’ rest.

E. Study Design

The study was a prospective, randomized, open trial with blinded clinical events evaluation
(17) regarding the relationship between target blood pressure and cardiovascular mortality
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Fig. 1 HOT study design. (From Ref. 15.)

and morbidity; while regarding the effect of low-dose ASA, the study was randomized
and double-blind. The study design is summarized in Figure 1.

After randomization, patients were again seen at 3 and 6 months and thereafter twice
a year. A final visit was made within 1 month of the end of the study. At all visits, clinical
information was collected and blood pressure was measured three times with the patients
seated after 5 minutes of rest. An oscillometric semiautomatic device (Visomat OZ, D2,
International, Hestia, Germany) was used. The apparatus was subjected to the tests of
blood pressure measuring equipment proposed by the British Hypertension Society and
was found to meet these criteria.

F. Treatment

In all patients, antihypertensive therapy was started with the long-acting calcium antago-
nist, felodipine, at a dose of 5 mg once a day. Additional therapy and dose increments in
four further steps (Fig. 2) were prescribed to reach the randomized target blood pressure.

G. Definition of Endpoints

The primary endpoint (Table 5) was the rate of major cardiovascular events; secondary
endpoints were fatal and nonfatal myocardial infarction, fatal and nonfatal stroke, cardio-
vascular mortality, and total mortality.

Major cardiovascular events were defined as all (fatal and nonfatal) myocardial in-
farctions, all (fatal and nonfatal) strokes, and all other cardiovascular deaths. Silent myo-
cardial infarctions were documented by taking an electrocardiogram (ECG) at randomiza-
tion and at the final visit.

A classification of all reported events was made by the independent clinical event
committee based on all available information (hospital records, physician’s records, death
certificates, and necropsy reports). All events were classified without any knowledge of
the actual medication or the treatment group to which the patients had been assigned. The
approval rate of reported events by this committee was 76%.

If death occurred within 28 days of the onset of an event, that event was classified
as fatal. If no obvious noncardiovascular cause of death was identified, the death was
subsequently classified as cardiovascular. For the diagnosis of nonfatal myocardial in-
farction, at least two of the following criteria had to be fulfilled: central chest pain lasting
for more than 15 minutes, transient elevation of enzymes indicating damage, or typical
ECG changes. For the diagnosis of fatal myocardial infarction, the above criteria were
required or the diagnosis was to be stated in hospital records or described in the necropsy
report.



364 Zanchetti and Hansson

Fig. 2 Flow chart of treatment in the HOT study, showing the titration to target blood pressure.
(From Ref. 15.)

Table 5 Primary and Secondary Endpoints in the HOT Study

Primary endpoint
• Rate of all major cardiovascular events (fatal and nonfatal myocardial infarction,* fatal and

nonfatal stroke, all cardiovascular deaths)
Secondary endpoints
• Rate of all myocardial infarction (fatal and nonfatal)
• Rate of all myocardial infarction (fatal and nonfatal) including silent myocardial infarction
• Rate of all stroke (fatal and nonfatal)
• Rate of cardiovascular mortality
• Rate of total mortality

*Silent myocardial infarction was included among all myocardial infarctions according to the original protocol,
but it was later decided to consider it separately as a secondary endpoint as time-dependent information could
not be available for this event.
Abbreviation: HOT, Hypertension Optimal Treatment.
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A 12-lead resting ECG was recorded at randomization and at the final visit. All
ECGs were coded with the Minnesota code. The baseline ECGs were coded for signs of
myocardial infarction (codes 1:1 or 1:2) as well as for signs of ischemia (codes 4:1-2
or 5:1-2). An ECG was recorded at randomization in 96% of all patients. A final ECG
was recorded in 89% of all patients. The final ECGs were coded only for myocardial
infarction (codes 1:1 and 1:2). In total, 54,911 codings were made. The final ECGs were
compared with the baseline ECGs by two independent technicians. If discrepancies arose,
the ECG committee members made the final classification. A finding of new Q or QS
waves (codes 1:1 or 1:2), without clinical signs of myocardial infarction was defined as
a silent myocardial infarction. Although the protocol listed silent myocardial infarctions
among nonfatal infarction, it was subsequently decided to consider them separately, as
time-dependent information could not be available for this type of event.

Diagnosis of a nonfatal stroke required unequivocal signs or symptoms of remaining
neurological deficit, with a sudden onset and a duration of more than 24 h. Diagnosis of
a fatal stroke also required the criteria given above. Alternatively, the diagnosis could be
given in the hospital records or described in the necropsy report.

H. Study Organization

A total of 1904 investigators from 26 countries were involved in the study, mainly general
practitioners and physicians at hospital outpatient clinics. The scientific aspects of the
study were governed by the executive and steering committees. An independent clinical
event committee evaluated all events (masked). Throughout the study, an independent
safety committee had full access to all events (open). In each country, one or more moni-
tors were in regular contact with the investigators to oversee the practical aspects of the
study. An independent data audit committee visited randomly selected centers to audit
the trial in accordance with the rules of the American Food and Drug Administration.
Details on study organization are indicated in the Appendix.

IV. PRINCIPAL RESULTS (18)

A. Study Population

Overall, 19,193 patients from 26 countries, aged 50 to 80 years (mean 61.5 years), with
hypertension and a diastolic blood pressure between 100 mm Hg and 115 mm Hg (mean
105 mm Hg) were randomly assigned a target blood pressure and acetylsalicylic acid or
placebo. Because of the suspicion of incorrect inclusion or data handling at one center,
403 patients were excluded early in the trial. Patients were recruited from countries in
Europe, North and South America, and Asia. The number of randomized patients by coun-
try is listed in Table 6. The average follow-up time was 3.8 years (range 3.3 to 4.9 years)
and the total number of patient-years was 71,051. The first patient was enrolled in October
1992; randomization ended in April 1994; and the last day of follow-up was August 31,
1997 (19).

Patient characteristics by target group at randomization are shown in Table 7. Figure
3 summarizes the profile of the trial; 6264 patients were given the diastolic blood pressure
target of 90 mm Hg or lower, 6264 a target of 85 mm Hg or lower, and 6262 a target of
80 mm Hg or lower. In addition, 9399 patients were randomly assigned acetylsalicylic
acid and 9391 patients were assigned placebo.
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Table 6 Number of Randomized Patients
by Country/Area

Number of
Country/area randomized patients

Argentina 47
Austria 628
Belgium 755
Canada 838
Denmark 503
East Asia 205
Finland 373
France 1574
Germany 4674
Great Britain 131
Greece 335
Hungary 194
Israel 411
Italy 2702
Mexico 49
Norway 432
Spain 806
Sweden 492
Switzerland 797
The Netherlands 604
USA 2646

Table 7 Characteristics at Randomization

Diastolic blood pressure target group

� 90 mm Hg � 85 mm Hg � 80 mm Hg
(n � 6264) (n � 6264) (n � 6262)

Age (years) 61.5 (7.5) 61.5 (7.5) 61.5 (7.5)
Body mass index (kg, m2) 28.4 (4.7) 28.5 (4.7) 28.4 (4.6)
Diastolic blood pressure (mm Hg) 105 (3.4) 105 (3.4) 105 (3.4)
Systolic blood pressure (mm Hg) 170 (14.4) 170 (14.0) 170 (14.1)
Serum creatinine (µmol/L) 89 (26) 89 (23) 89 (23)
Serum cholesterol (mmol/L) 6.0 (1.1) 6.1 (1.1) 6.1 (1.2)
Men/women (%) 53/47 53/47 53/47
Previous treatment (%) 52.3 52.7 52.6
Smokers (%) 15.9 15.8 15.9
Previous MI (%) 1.6 1.5 1.5
Other previous CHD (%) 5.9 6.0 5.9
Previous stroke (%) 1.2 1.2 1.2
Diabetes mellitus (%) 8.0 8.0 8.0

Data are mean (SD) or % of group.
Abbreviation: MI, myocardial infarction; CHD, coronary heart disease.
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Fig. 3 HOT trial profile. (From Ref. 18.)

A total of 491 (2.6%) patients were lost to follow-up. Most were lost early in the
study, for example, 130 patients did not return for any of the follow-up visits. The loss
in terms of patient-years was 1269 (1.8%). The loss of patients in the three target groups
was 169 from the 90 mm Hg or less target group, 157 from the 85 mm Hg or less target
group, and 165 from the 80 mm Hg or less target group. Two hundred forty-five of those
randomized to acetylsalicylic acid were lost; 246 were lost for the placebo group. The
average age at randomization of those lost was 61.3 years and 61.5 years in those re-
maining in the study. Blood pressures of patients lost to follow-up and of those remaining
in the study were identical at randomization. The age, sex distribution, previous morbidity,
and previous antihypertensive treatment did not differ between those lost to follow-up
and the remainder of the patients who form the basis for this report.

B. Treatment

Table 8 gives the percentages of patients taking the different antihypertensive agents at
various times during the trial. At the end of the study, as many as 78% of patients were
still taking felodipine, 41% received an angiotensin-converting enzyme (ACE) inhibitor,
28% a beta-blocker, and 22% a diuretic. Table 9 gives these data for diastolic blood
pressure target group, and Figure 4 indicates the percentages of patients at the various
treatment steps according to the diastolic blood pressure target to which they had been
randomized. The proportion of subjects who remained in monotherapy (low-dose felodi-



368 Zanchetti and Hansson

Table 8 Percentages of Patients on Various Antihypertensive
Agents at Various Times During the HOT Study

3 m 6 m 24 m 36 m Final

Felodipine 96 91 85 82 78
ACE inhibitor 30 36 40 41 41
Beta-blocker 19 23 27 28 28
Diuretics 6 10 18 20 22

Abbreviations: HOT, Hypertension Optimal Treatment; ACE, angiotensin-
converting enzyme.

Table 9 Treatment at the End of the Study per Target Blood
Pressure Group

Diastolic blood pressure target group

� 90 mm Hg � 85 mm Hg � 80 mm Hg

Felodipine 77 78 79
ACE inhibitor 35 42 45
Beta-blocker 25 28 32
Diuretics 19 22 24

Abbreviation: ACE, angiotensin-converting enzyme.

Fig. 4 Percentages of patients at the various treatment steps according to target blood pressure.

pine) was 40% in target group 90 mm Hg or lower and that decreased to 24% in subjects
of target group 80 mm Hg or lower. The proportion of patients that progressed to higher
steps of the treatment regimen obviously increased from target group 90 mm Hg or lower
to target group 85 mm Hg or lower and to target group 80 mm Hg or lower, but even in
the lowest target group as many as 80% of patients could continue a single- or two-drug
regimen (steps 1, 2, 3, and 4).
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Table 10 Achieved Blood Pressures and Heart Rate in Patients of the HOT Study: Mean
(SD) of All Values from 6 Months After Randomization to the End of the Study

Total � 90 mm Hg � 85 mm Hg � 80 mm Hg

SBP (mm Hg) 141.6 (11.7) 143.7 (11.3) 141.4 (11.7) 139.7 (11.7)
DBP (mm Hg) 83.1 (5.3) 85.2 (5.1) 83.2 (4.8) 81.1 (5.3)
HR (beats/min) 74.9 (8.4) 75.5 (8.3) 75.0 (8.4) 74.2 (8.2)
∆SBP (mm Hg) �28.0 (13.4) �26.2 (13.0) �28.0 (13.2) �29.9 (13.6)
∆DBP (mm Hg) �22.3 (5.8) �20.3 (5.6) �22.3 (5.4) �24.3 (5.8)
∆HR (beats/min) �3.8 (9.4) �3.2 (9.1) �3.8 (9.4) �4.4 (9.6)

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate.

C. Effects on Blood Pressure

Compared with blood pressure at the time of randomization, average diastolic blood pres-
sure was reduced by 20.3 mm Hg, 22.3 mm Hg, and 24.3 mm Hg and systolic blood
pressure by 26.2 mm Hg, 28.0 mm Hg, and 29.9 mm Hg in the target groups 90 mm Hg
or less, 85 mm Hg or less, and 80 mm Hg or less, respectively (Table 10). In the three
target groups, the diastolic blood pressure was reduced from a mean of 105 mm Hg to a
mean of 85.2 mm Hg, 83.2 mm Hg, and 81.1 mm Hg, respectively. The distribution curves
of diastolic blood pressure for the three target groups are shown in Figure 5. A diastolic
blood pressure greater than 90 mm Hg was found in 12% of the patients in the target
group 90 mm Hg or less, 7% of the patients in target group 85 mm Hg or less, and in
6% of the patients randomized to the target group 80 mm Hg or less. On the whole, 91.5%
of patients achieved a diastolic blood pressure of 90 mm Hg or less. Figure 6 indicates
that the proportion of patients reaching the randomized target blood pressure increased
gradually up to the 36-month visit. Also, systolic blood pressure continued to decrease
until the end of the study (Fig. 7). There were no differences in achieved blood pressure
between patients randomized to ASA or placebo (142.0/.83.2 mm Hg and 141.4/.82.9
mm Hg, respectively).

Fig. 5 Distribution of mean diastolic blood pressures, from 6 months’ follow-up to the end of
the HOT study. (From Ref. 18.)
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Fig. 6 Proportion (%) of patients reaching target diastolic blood pressure during the course of
the HOT study.

Table 10 shows that heart rate slightly decreased in all three target groups without
significant differences between groups. Table 11 indicates that treatment did not modify
other risk factors for cardiovascular disease, such as serum cholesterol and serum creati-
nine.

D. Effects on Morbidity and Mortality

Cardiovascular morbidity and mortality in the three target blood pressure groups are indi-
cated in Table 12. Because of the small blood pressure differences between groups, differ-
ences in event rates were rather small and only the trend for the rate of all myocardial
infarction to be lower at a lower target blood pressure was of borderline significance:
there was a 25% myocardial infarction reduction in the target group 85 mm Hg or less
and a 28% reduction in the target group 80 mm Hg or less as compared with the target
group 90 mm Hg or less.

Fig. 7 Systolic blood pressure in the three target groups during the course of the HOT study.
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Table 11 Serum Cholesterol and Serum Creatinine at Randomization and
at Final Visit (means) in Patients of the Three Target Groups

Diastolic blood pressure target group

Target � 90 Target � 85 Target � 80

S-cholesterol mmol/L (mg/dl)
Randomization 6.0 (233) 6.1 (235) 6.1 (234)
Final visit 5.9 (226) 5.9 (228) 5.9 (226)
S-creatinine µmol/L (mg/dl)
Randomization 89 (1.0) 89 (1.0) 89 (1.0)
Final visit 90 (1.0) 89 (1.0) 90 (1.0)

Table 12 Events in Relation to Target Blood Pressure Groups (n � 6264, 6264, and 6262 in
the Target Groups � 90 mm Hg, � 85 mm Hg, and � 80 mm Hg, Respectively)

P-value 95%
No. of Events/1000 for Relative confidence

Events events patient-years trend Comparison risk interval

Major cardiovascular events
� 90 mm Hg 232 9.9 90 vs 85 0.99 0.83–1.19
� 85 mm Hg 234 10.0 85 vs 80 1.08 0.89–1.29
� 80 mm Hg 217 9.3 0.50 90 vs 80 1.07 0.89–1.28

Major cardiovascular events*
� 90 mm Hg 274 11.7 90 vs 85 0.99 0.84–1.17
� 85 mm Hg 276 11.8 85 vs 80 1.05 0.88–1.24
� 80 mm Hg 263 11.3 0.66 90 vs 80 1.04 0.88–1.23

All myocardial infarction
� 90 mm Hg 84 3.6 90 vs 85 1.32 0.95–1.82
� 85 mm Hg 64 2.7 85 vs 80 1.05 0.74–1.48
� 80 mm Hg 61 2.6 0.05 90 vs 80 1.37 0.99–1.91

All myocardial infarction*
� 90 mm Hg 127 5.4 90 vs 85 1.19 0.92–1.54
� 85 mm Hg 107 4.6 85 vs 80 1.00 0.76–1.30
� 80 mm Hg 107 4.6 0.19 90 vs 80 1.19 0.92–1.53

All stroke
� 90 mm Hg 94 4.0 90 vs 85 0.85 0.64–1.11
� 85 mm Hg 111 4.7 85 vs 80 1.24 0.94–1.64
� 80 mm Hg 89 3.8 0.74 90 vs 80 1.05 0.79–1.41

Cardiovascular mortality
� 90 mm Hg 87 3.7 90 vs 85 0.97 0.72–1.30
� 85 mm Hg 90 3.8 85 vs 80 0.93 0.70–1.24
� 80 mm Hg 96 4.1 0.49 90 vs 80 0.90 0.68–1.21

Total mortality
� 90 mm Hg 188 7.9 90 vs 85 0.97 0.79–1.19
� 85 mm Hg 194 8.2 85 vs 80 0.93 0.77–1.14
� 80 mm Hg 207 8.8 0.32 90 vs 80 0.91 0.74–1.10

*Silent myocardial infarction included.



Fig. 8 Estimated incidence (95% confidence intervals) of cardiovascular events in relation to
achieved mean diastolic and systolic blood pressure. The blood pressure at the lowest point of the
curve is indicated (minimum). (From Ref. 18.)
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E. Cardiovascular Event in Relation to Achieved Blood Pressure

The HOT study protocol had planned to analyze the incidence of cardiovascular endpoints
in relation to achieved diastolic (and systolic) blood pressure as a powerful instrument to
determine the optimal blood pressure level. Because blood pressure value separation be-
tween the three randomized groups was smaller than expected, this analysis was particu-
larly informative. The results are illustrated in Figure 8.

Confidence intervals were narrowest in the diastolic blood pressure range of 75 to
95 mm Hg and in the systolic blood pressure range of 130 to 170 mm Hg, suggesting
adequate precision of the estimated risk within these limits. For major cardiovascular
events, the lowest point of risk was at a mean achieved diastolic blood pressure of 82.6
mm Hg and at a mean systolic blood pressure of 138.5 mm Hg. For all myocardial in-
farction, there was no definite minimum diastolic blood pressure, whereas the minimum
risk was reached at a systolic blood pressure of 142.2 mm Hg. For all stroke, the lowest
risk was below 80 mm Hg for diastolic and 142.2 mm Hg for systolic blood pressure.
The lowest risk of cardiovascular mortality was at 86.5 mm Hg and 138.8 mm Hg for
diastolic and systolic blood pressure, respectively.

Curves relating events to achieved blood pressure also give some indication of the
number of events that could presumably be prevented in the study population by lowering
blood pressure from the highest values present before randomization down to the minimum
blood pressure. As illustrated in Figure 9, lowering of blood pressure from randomization

Fig. 9 Reduction of risk of a major cardiovascular event by reducing diastolic blood pressure
(DBP, upper panel), and systolic blood pressure (SBP, lower panel) from randomization values
to optimal values.
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values down to the ‘‘optimal’’ values of between 80 and 85 mm Hg appeared to reduce
major cardiovascular events by about 30%, and lowering systolic blood pressure to the
optimal values of 135 to 140 mm Hg reduced major cardiovascular events by about 20%.

F. Effects of ASA on Cardiovascular Events

The rates of various types of cardiovascular events in patients randomized to either ASA
or placebo is summarized in Table 13. Acetyl salicylic acid significantly (P � 0.03) re-
duced major cardiovascular events by 15%. The benefit of ASA was reduced to 9% when
silent myocardial infarctions were included in the analysis. All myocardial infarction was
36% less frequent in the ASA group, a significant difference (P � 0.002). Inclusion of
silent myocardial infarction reduced the benefit of ASA to 15%. There was no difference
in stroke incidence between patients randomized to ASA or placebo. Cardiovascular mor-
tality and total mortality were nonsignificantly lower by 5% (P � 0.65) and 7% (P �
0.36), respectively, in ASA-treated patients compared with patients receiving placebo.
The effects of administering a small dose of ASA or placebo on major cardiovascular
events, myocardial infarction, and stroke are also illustrated in Figure 10.

In the context of the study comparing ASA with its placebo, careful attention was
paid to bleeding events (Table 14). Fatal bleeds (including cerebral) were equally common
in the two groups, but nonfatal major bleeds were significantly more frequent among

Table 13 Events in Relation to Acetylsalicylic Acid (n � 9399) or Placebo (n � 9391)

95%
No. of Events/1000 Relative confidence

Events events patient-years P-value risk interval

Major cardiovascular events
ASA 315 8.9
Placebo 368 10.5 0.03 0.85 0.73–0.99

Major cardiovascular events*
ASA 388 11.1
Placebo 425 12.2 0.17 0.91 0.79–1.04

All myocardial infarction
ASA 82 2.3
Placebo 127 3.6 0.002 0.64 0.49–0.85

All myocardial infarction*
ASA 157 4.4
Placebo 184 5.2 0.13 0.85 0.69–1.05

All stroke
ASA 146 4.1
Placebo 148 4.2 0.88 0.98 0.78–1.24

Cardiovascular mortality
ASA 133 3.7
Placebo 140 3.9 0.65 0.95 0.75–1.20

Total mortality
ASA 284 8.0
Placebo 305 8.6 0.36 0.93 0.79–1.09

*Silent myocardial infarction included.
Abbreviation: ASA, acetylsalicylic acid.
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Fig. 10 Effects of acetylsalicylic acid (ASA) or placebo on major cardiovascular (CV) events,
myocardial infarction (MI), and stroke.

Table 14 Bleeding Events Reported in ASA-
and Placebo-Treated Patients

ASA Placebo
n � 9399 n � 9391

Fatal bleeds 7 8
Gastrointestinal 5 3
Cerebral 2 3
Other — 2

Nonfatal major bleeds 129 70
Gastrointestinal 72 32
Cerebral 12 12
Nasal 22 12
Other 23 14

Minor bleeds 156 87
Gastrointestinal 30 18
Nasal 66 24
Purpura 45 25
Other 15 20

Abbreviation: ASA, acetylsalicylic acid.

patients receiving ASA than in those receiving placebo (risk ratio 1.8; P � 0.001); minor
bleeds were also 1.8 times more frequent among patients who were taking ASA.

V. RESULTS IN SUBGROUPS OF PATIENTS

A. Diabetes Mellitus

Among the HOT patients, 1501 had a diagnosis of diabetes mellitus at baseline. Diabetes
mellitus (18) was one of the variables taken into account for randomization, and therefore,
diabetic patients were equally distributed between the three blood pressure target groups.
As illustrated in Table 15, in diabetic patients a significant decline in the rate of major
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Table 15 Events in Patients with Diabetes Mellitus at Baseline in Relation to Target Blood
Pressure Groups (n � 501, 501, and 499 in the Target Groups � 90 mm Hg, � 85 mm Hg, and
� 80 mm Hg, Respectively)

P-value 95%
No. of Events/1000 for Relative confidence

Events events patient-years trend Comparison risk interval

Major cardiovascular events
� 90 mm Hg 45 24.4 90 vs 85 1.32 0.84–2.06
� 85 mm Hg 34 18.6 85 vs 80 1.56 0.91–2.67
� 80 mm Hg 22 11.9 0.005 90 vs 80 2.06 1.24–3.44

Major cardiovascular events*
� 90 mm Hg 48 26.2 90 vs 85 1.13 0.75–1.71
� 85 mm Hg 42 23.3 85 vs 80 1.42 0.89–2.26
� 80 mm Hg 30 16.4 0.045 90 vs 80 1.60 1.02–2.53

All myocardial infarction
� 90 mm Hg 14 7.5 90 vs 85 1.75 0.73–4.17
� 85 mm Hg 8 4.3 85 vs 80 1.14 0.41–3.15
� 80 mm Hg 7 3.7 0.11 90 vs 80 2.01 0.81–4.97

All myocardial infarction*
� 90 mm Hg 18 9.7 90 vs 85 1.12 0.57–2.19
� 85 mm Hg 16 8.7 85 vs 80 1.07 0.53–2.16
� 80 mm Hg 15 8.1 0.61 90 vs 80 1.20 0.60–2.38

All stroke
� 90 mm Hg 17 9.1 90 vs 85 1.30 0.63–2.67
� 85 mm Hg 13 7.0 85 vs 80 1.10 0.50–2.40
� 80 mm Hg 12 6.4 0.34 90 vs 80 1.43 0.68–2.99

Cardiovascular mortality
� 90 mm Hg 21 11.1 90 vs 85 0.99 0.54–1.82
� 85 mm Hg 21 11.2 85 vs 80 3.0 1.29–7.13
� 80 mm Hg 7 3.7 0.016 90 vs 80 3.0 1.28–7.08

Total mortality
� 90 mm Hg 30 15.9 90 vs 85 1.03 0.62–1.71
� 85 mm Hg 29 15.5 85 vs 80 1.72 0.95–3.14
� 80 mm Hg 17 9.0 0.068 90 vs 80 1.77 0.98–3.21

*Silent myocardial infarction included.

cardiovascular events was seen in relation to the target group (P for trend � 0.005). In
the group randomized to 80 mm Hg or less, the risk of major cardiovascular events was
halved compared with that of the target group 90 mm Hg or less. This change was attenu-
ated but remained significant when silent myocardial infarctions were included. The ap-
proximate halving of the risk was also observed for all myocardial infarction, although
it was not significant. All stroke also showed a declining rate with lower target blood
pressure groups, with a risk reduction of about 30% in the 80 mm Hg or lower target
group versus 90 mm Hg or lower target group. Cardiovascular mortality was also signifi-
cantly lower in the 80 mm Hg or lower target group than in each of the other target groups.

B. Ischemic Heart Disease

Among the HOT patients, 3080 had ischemic heart disease (18) at baseline, as they had
a history of previous myocardial infarction or other previous cardiac ischemic event,
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or a baseline ECG with Minnesota codes 1:1-2, 4:1-2, or 5:1-2. In these patients, as
illustrated in Table 16, major cardiovascular events and all myocardial infarction declined
nonsignificantly in relation to target groups. All stroke showed a significant reduction (P
for trend � 0.046) with a 43% reduction in 80 mm Hg or lower target group compared
with 90 mm Hg or lower target group. Cardiovascular mortality was not significantly
affected.

C. Effects of Gender and Age

Fifty-three percent of the patients in the HOT study were men and 47% were women.
The women were, on average, 1.5 years older and 10% (vs 21%) were smokers; otherwise,
there were the expected gender-specific differences in demographic variables. Women
had, on average, 4 mm Hg higher systolic blood pressure at the onset of the study, but
there were only minimal differences at the end of the study in achieved blood pressure,

Table 16 Events in Patients with Ischemic Heart Disease at Baseline in Relation to Target
Blood Pressure Groups (n � 1019, 1036, and 1025 in the Target Groups � 90 mm Hg, � 85
mm Hg, � 80 mm Hg, Respectively)

P-value 95%
No. of Events/1000 for Relative confidence

Events events patient-years trend Comparison risk interval

Major cardiovascular events
� 90 mm Hg 77 20.7 90 vs 85 1.16 0.84–1.61
� 85 mm Hg 68 17.9 85 vs 80 1.08 0.76–1.52
� 80 mm Hg 62 16.6 0.20 90 vs 80 1.24 0.89–1.74

Major cardiovascular events*
� 90 mm Hg 86 23.2 90 vs 85 1.08 0.80–1.47
� 85 mm Hg 81 21.5 85 vs 80 1.08 0.79–1.48
� 80 mm Hg 74 20.0 0.35 90 vs 80 1.16 0.85–1.58

All myocardial infarction
� 90 mm Hg 25 6.6 90 vs 85 2.13 1.07–4.25
� 85 mm Hg 12 3.1 85 vs 80 0.62 0.30–1.27
� 80 mm Hg 19 5.0 0.33 90 vs 80 1.31 0.72–2.38

All myocardial infarction*
� 90 mm Hg 35 9.3 90 vs 85 1.37 0.83–2.28
� 85 mm Hg 26 6.8 85 vs 80 0.82 0.49–1.38
� 80 mm Hg 31 8.3 0.63 90 vs 85 1.12 0.69–1.82

All stroke
� 90 mm Hg 35 9.3 90 vs 85 1.18 0.73–1.93
� 85 mm Hg 30 7.9 85 vs 80 1.48 0.84–2.60
� 80 mm Hg 20 5.3 0.046 90 vs 80 1.75 1.01–3.04

Cardiovascular mortality
� 90 mm Hg 28 7.3 90 vs 85 0.82 0.50–1.34
� 85 mm Hg 35 9.0 85 vs 80 0.98 0.62–1.57
� 80 mm Hg 35 9.2 0.37 90 vs 80 0.79 0.48–1.31

Total mortality
� 90 mm Hg 54 14.1 90 vs 85 1.00 0.69–1.46
� 85 mm Hg 55 14.2 85 vs 80 0.95 0.65–1.37
� 80 mm Hg 57 15.0 0.75 90 vs 80 0.94 0.65–1.37

*Silent myocardial infarction included.
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Table 17 Cardiovascular (CV) Events in Men (n � 9907) and Women
(n � 8883) in the HOT Study

Events/1000 patient-years

Target Target Target
group group group P-value

Variable � 90 � 85 � 80 for trend

Major CV event Men 11.3 12.8 11.8 0.70
Women 8.3 6.9 6.5 0.11

MI Men 4.1 4.1 3.4 0.38
Women 3.0 1.2 1.7 0.034

Stroke Men 4.5 5.1 4.4 0.9
Women 3.4 4.3 3.1 0.73

CV mortality Men 3.9 5.1 5.2 0.15
Women 3.4 2.4 2.8 0.44

Total mortality Men 9.1 10.2 11.0 0.14
Women 6.6 5.9 6.3 0.78

Major events are CV death, myocardial infarction (MI), stroke.

as well as the percentage of patients on target, the percentage of patients still above 90
mm Hg, and the percentage of patients on the various titration steps between men and
women (20,21). The principal results for the three randomized blood pressure target groups
subdivided for men and women are shown in Table 17. Overall, the trend for a lower
incidence of cardiovascular endpoints with a lower target blood pressure was more consis-
tent in women; in particular, the trend for fewer myocardial infarctions achieved statistical
significance in women (P � 0.034) but not in men.

Almost one third of the patients in the HOT study were aged 65 or older. There
was an uneven gender distribution with 54% women and fewer smokers (11.7% vs 17.8%)

Table 18 Cardiovascular (CV) Events in Younger (� 65 years,
n � 12,803) and Older (� 65 years, n � 6987) Patients in the HOT Study

Events/1000 patient-years

Target Target Target
group group group P-value

Variable � 90 � 85 � 80 for trend

Major CV event Young 6.8 8.6 6.5 0.79
Old 16.9 13.0 15.2 0.42

MI Young 3.2 2.9 2.3 0.14
Old 4.4 2.4 3.2 0.22

Stroke Young 2.3 3.8 2.4 0.77
Old 7.8 6.6 6.7 0.41

CV mortality Young 1.9 2.9 2.2 0.52
Old 7.6 5.7 8.0 0.81

Total mortality Young 4.5 5.5 5.7 0.13
Old 15.7 14.0 15.4 0.89

Major events are CV death, myocardial infarction (MI), stroke.
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Fig. 11 Kaplan-Meier plots showing probability of follow-up without myocardial infarction in
men, women, younger and older patients on ASA (solid line) compared with placebo (dashed line).
(From Ref. 20.)

in the elderly group; otherwise, differences in demographic variables were as expected.
Older patients had slightly higher systolic blood pressure and similar diastolic blood pres-
sure as younger patients at baseline and tended to achieve 1 to 2 mm Hg lower diastolic
blood pressure during treatment (20,21). There were trends toward fewer myocardial in-
farctions at lower target blood pressure in both younger and older subjects and trends
toward fewer strokes at lower target blood pressure in older subjects, but none of these
trends achieved statistical significance (Table 18).

D. Effects of ASA in Subgroups of Patients

The relative benefit of ASA on major cardiovascular events and all myocardial infarctions
was about the same in the groups of patients with diabetes mellitus and with ischemic
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heart disease as in the whole HOT population (18). Aspirin lowered the incidence of
myocardial infarction in men by 42% (P � 0.001), whereas the reduction in myocardial
infarction was not significant in women. When subdividing into younger and older sub-
jects, the effect of aspirin on major cardiovascular events was particularly marked (a 21%
reduction) and statistically significant in the young (P � 0.03), whereas the reduction in
myocardial infarction (by about one third) was significant in younger (P � 0.02) and older
(P � 0.04) patients (20).

Figure 11 reports plots for survival without myocardial infarction and illustrates the
significant effect of ASA in men and in both younger and older subjects. The effect ap-
peared early after the onset of treatment and continued until the end of the trial.

VI. ADVERSE EFFECTS OF INTENSIVE ANTIHYPERTENSIVE
TREATMENT AND QUALITY OF LIFE DURING THE HOT STUDY

A. Adverse Effects

The medication administered was well tolerated; the only reported adverse effects that
exceeded 2% were dizziness, headache, leg edema, flushing, coughing—the latter three
to a large extent attributable to the use of the calcium antagonist and ACE inhibitors
(21,22). Table 19 indicates that peripheral edema, coughing, headache, and flushing were
more prevalent in women (20) Peripheral edema, dizziness, and vertigo were more preva-
lent in older than younger patients, whereas the reverse occurred for coughing, flushing,
and impotence (20). There was no significant increase in the incidence of adverse effects
in the lowest target blood pressure group as compared with the others, although the rate
of adverse effects was somewhat higher at the higher steps of the treatment regimen (Fig.
12) (22). It should also be remarked that the proportion of patients with reported adverse
effects decreased gradually throughout the trial, from 16.9% at 3 months to 2.2% at the
final visit (18).

B. Quality-of-Life Substudy

Nine hundred twenty-two hypertensive patients of the HOT study were included in a
substudy that aimed to investigate the impact on quality of life of lowering the pressure
and of intensified therapy (23). Seven hundred eighty-one patients completed both baseline

Table 19 Adverse Effects Reported Any Time During the
Follow-Up (%) in Male and Female Patients in the HOT Study

Men Women
Variable (n � 9907) (n � 8883) P-value

Peripheral edema 11.4 17.0 � 0.001
Coughing 4.1 5.0 � 0.01
Headache 3.5 5.3 � 0.001
Flushing 2.1 4.3 � 0.001
Dizziness 2.7 2.9 n.s.
Impotence 2.7 —
Fatigue 2.0 1.8 n.s.
Dyspepsia 1.4 1.6 n.s.
Abdominal pain 1.0 1.4 � 0.05

n.s. � not significant.
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Fig. 12 Percentage of patients with side effects in the three target groups at 24 months in relation
to dose titration step. (From Ref. 22.)

and follow-up questionnaires (intention-to-treat population), whereas 610 patients were
included in a per-protocol analysis. Two self-administered validated questionnaires, the
Psychological General Well-Being Index and the Subjective Symptoms Assessment Pro-
file (SSA-P) were completed at baseline and after 6 months. As illustrated in Figure 13,
the lower the diastolic blood pressure achieved, the greater the improvement in well-being
(P � 0.05). The increase in well-being from baseline to 6 months was significant in target
groups 80 mm Hg or less (P � 0.01) and 85 mm Hg or less (P � 0.05). The SSA-P
domains’ cardiac symptoms and dizziness improved in all groups, but the sex life score
deteriorated in the 80 or less and 85 mm Hg or less groups in men. In all target groups,
headaches were reduced (P � 0.001), whereas swollen ankles (P � 0.001) and dry cough

Fig. 13 The mean change (SEM) in the Psychological General Well-Being Index total scores
from baseline to 6 months correlated to actual diastolic blood pressure achieved. Per protocol (PP)
analysis included all patients that had evaluable data at baseline and at 6 months after entry; intention
to treat (ITT) analysis also included patients who had violated inclusion or follow-up dates. Pitmans
nonparametric permutation test: correlation was significant (P � 0.05) for PP analysis; P � 0.11
for ITT analysis. (From Ref. 23.)
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Fig. 14 Compliance to ASA in HOT study patients for target diastolic blood pressure group and
according to achievement or lack of achievement of target blood pressure. (From Ref. 24.)

in the 80 mm Hg or less group (P � 0.001) increased. Although more intensive antihyper-
tensive therapy is associated with a slight increase in subjective symptoms, it is nonethe-
less still associated with improvements in patients’ well-being.

C. Compliance Substudy

Compliance to medication (24) in the HOT study was investigated in a subset of patients
and evaluated as compliance to double-blind administration of aspirin or placebo in addition
to antihypertensive treatment. Compliance was evaluated for 1 year in a subset (n � 530)
of the study population (n � 18,790) by placing the medication in a container closed with
an electronic cap that recorded precisely the time of each opening. The 1-year compliance
rate (percentage of days with 1 opening/day) could be assessed in 501 patients. It averaged
78.3 � 25% in aspirin-treated patients (n � 236, mean �SD) as compared with 78.5 �
25% in patients having received placebo (n � 265) and was not influenced by age, gender
or country (Germany, Italy, Switzerland, United Kingdom). The compliance rate was also
similar irrespective of the target blood pressure group and of whether the patients had
reached their target blood pressure (Fig. 14), but it was significantly better during the first
than the second 6-month monitoring period (84 � 22% vs 72.3 � 32%; n � 501). Thus,
the high rate of compliance to aspirin or placebo observed in the HOT study suggests that
the patients were highly motivated, which may account for the unusually good blood pres-
sure control achieved in this trial during long-term antihypertensive treatment.

VII. DISCUSSION

A. Reasons Why the Study Was Done and Questions
to be Answered

The large body of randomized trials of antihypertensive therapy demonstrated the benefits
of lowering blood pressure (1), but none has approached the problem of how far blood
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pressure should be lowered. Even the Hypertension Detection and Follow-Up Program
trial (25) was a comparison of more versus less frequent treatment of hypertension, rather
than a comparison of different levels of achieved blood pressure. This uncertainty about
the best level of blood pressure to be aimed at by treatment has been a main reason why
physicians all over the world have been content to lower blood pressure by just a few
mm Hg, extrapolating from trial meta-analyses that a 5 to 6 mm Hg reduction in diastolic
blood pressure is enough to reduce stroke by about 40% (incorrectly ignoring that this
reduction is the net difference from the placebo effect that can hardly be assessed in
medical practice). The J-shaped curve concept (8) has been a further reason for doctors’
concern about intensively treating hypertension. The HOT study, therefore, was planned
not so much to disprove the J-shaped curve hypothesis (an unfalsifiable hypothesis, as
obviously at 0 mm Hg blood pressure everyone would be dead) but rather to ascertain
the level of diastolic blood pressure at which the treated hypertensive patient is at the
lowest risk of cardiovascular events (15). Therefore, the first aim of the HOT study, as
stated in the study protocol, was ‘‘to establish the optimal target blood pressure during
antihypertensive treatment in order to reduce cardiovascular morbidity and mortality.’’

The second reason for which the HOT study was planned was to clarify the possible
benefits of associating blood pressure lowering with antiplatelet therapy in hypertension
and to ascertain whether a possible further reduction in the incidence of coronary events
may be balanced by an increased risk of hemorrhagic stroke. Hence, the second aim of
the HOT study, as indicated in the study protocol, was ‘‘to determine if the addition of
low-dose ASA will further reduce cardiovascular morbidity and mortality.’’

B. Strengths and Weaknesses of the HOT Study

The design and conduct of the HOT study have several strengths: (a) the novelty of the
two major objectives of the trial, namely, finding the optimal blood pressure to be aimed
at and the possible benefits of associating intensive lowering of blood pressure with anti-
platelet medication, objectives that had not been approached by any of the previous trials;
(b) the large dimension of the study, with 19,193 patients randomized, of whom 18,790
followed up with a loss to follow-up of only 491 (2.6%) subjects (18). For comparison’s
sake, the largest trial of antihypertensive therapy previously completed, the Medical Re-
search Council trial on mild hypertension (26), had randomized 17,354 patients with a loss
of 19%; (c) the representativeness of the study that was conducted by 1904 investigators in
26 countries in Europe, North America, South America, and Asia; (d) the quality of the
randomization procedure, that was computer generated and took into account a large num-
ber of relevant baseline variables, such as age, sex, previous antihypertensive therapy,
smoking, previous myocardial infarction, other previous coronary heart disease, previous
stroke, and diabetes mellitus (18,19); (e) the selection of patients with confirmed hyperten-
sion: in patients untreated at the enrolling visit, elevated blood pressure values had to be
confirmed at two subsequent qualifying visits and averaged 171/106, 170/106, 169/105
mm Hg; in treated patients (52% of the total sample), withdrawal of treatment raised blood
pressure from 161/99 mm Hg at enrolment to 169/105 and 170/106 mmHg at the two
subsequent qualifying visits, thus ruling out inclusion of a substantial number of subjects
with ‘‘white coat’’ hypertension (19); (f) both types of analyses that were used to relate
events to blood pressure, namely, comparing event rates between different randomized
target blood pressure groups of patients and relating event rates to achieved blood pressure,
were indicated in the trial protocol (15). Likewise, separate analyses in diabetic patients
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or in subjects with previous ischemic heart disease concerned patients with characteristics
included in the randomization procedure.

The HOT study also had weaknesses. (a) Diastolic blood pressure only was used
as a target for treatment, and it may be objected that insufficient consideration was given
to systolic blood pressure. However, when the protocol was designed in early 1991, no
trials had yet demonstrated the value of lowering systolic blood pressure, and all available
guidelines (27,28) insisted on using diastolic blood pressure as a guidance to treatment.
Furthermore, using both systolic and diastolic blood pressure values as targets for random-
ized patients would have obviously complicated and perhaps endangered the conduct of
the study. (b) The number of the events was smaller than initially calculated, as only 724
validated cardiovascular events in 683 patients occurred during an average follow-up of
3.8 years, whereas the expectation was for 1100 events during a follow-up of only 2.5
years (15). Event rates were obviously overestimated in the protocol, as calculations were
based on the results of the STOP hypertension trial (16), which studied much older pa-
tients. Furthermore, as many as 24% of reported endpoints were rejected by the clinic
event committee because of a lack of the criteria required by the protocol (18). It cannot
be excluded that the rigorous criteria followed by the clinical events committee may have
thus underassessed the real number of cardiovascular events. The attempt to increase the
number of events by also considering ‘‘silent’’ myocardial infarctions (as indicated in the
protocol) was made difficult by the unknown timing of a ‘‘silent’’ event that could only
be diagnosed by the electrocardiogram done at the end of the trial; for all other events,
their incidence was calculated by taking into account the time from randomization at which
they occurred. Finally, the low incidence of events in the HOT trial patients may also be
considered a strength rather than a weakness and taken as the consequence of the excellent
blood pressure control achieved in virtually all patients (92%) of the study. (c) The major
weakness of the HOT study is the small difference in diastolic (as well as systolic) blood
pressure between the three target blood pressure groups to which the patients were random-
ized. Not only the average diastolic blood pressure differences between groups were of
only 2 mm Hg instead of the expected 5 mm Hg, but, as evident from Figure 5, there
was a large overlap of blood pressure values even in the groups randomized to 90 mm
Hg or lower and to 80 mm Hg or lower (more than 50% of diastolic blood pressure values
common to both groups). This markedly limited the power of the analysis per randomized
target blood pressure group, which could show significant differences only for specific
types of cardiovascular events (namely, all myocardial infarction) or for specific groups
of patients (such as diabetics). More information has been derived from analyzing the
relation of event rates with achieved blood pressure values. The continuous analysis was
a very powerful mathematical model based on the average blood pressure of all 18,790
patients, that is, more than 105,000 standardized blood pressure measurements. However,
a statistical analysis using achieved blood pressure may introduce weaknesses, compared
with an analysis based on a randomized design. The potential source of error involving
future information was avoided in our study by using a time-dependent model that was
updated in its covariates. Because the model updated past mean of blood pressure, the
time since randomization, and the age every 6 months, no future information was used
in estimation of curves and confidence bands (18). Nevertheless, the estimated curves
must be interpreted with caution, especially at the lowest and highest levels of blood
pressure. At the extreme ends of the curves, patients with high risk because of coexisting
disorders, such as malignancies and alcohol abuse, may accumulate. However, the possi-
bility that patients with the lowest values of achieved blood pressure were those with the
lowest values of baseline blood pressure (what may implicate a lower risk) is disproved
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Fig. 15 Relation of achieved diastolic blood pressure (DBP) to qualifying DBP.

by the analysis summarized in Figure 15, showing that within each group of target blood
pressure, baseline influenced achieved values by no more than 4 mm Hg. This was not
the case for the extent of the blood pressure reduction, which was influenced more mark-
edly (to a maximum of about 14 mm Hg) by baseline values (Fig 16). This suggested the
opportunity of avoiding the correlation of cardiovascular endpoints with the extent of the
blood pressure reduction induced by treatment.

C. Accomplishments

1. Effectiveness of Intensive Antihypertensive Therapy in Significantly
Lowering Blood Pressure

An important accomplishment of the HOT study is the finding that substantial reductions
in blood pressure can be achieved with a treatment regimen based on the long-acting

Fig. 16 Relation of reduction of diastolic blood pressure (DBP) to qualifying DBP.
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calcium antagonist, felodipine, and with the frequent recourse to combination therapy.
Even in patients who were receiving treatment before enrollment (52.6%), there was a
striking further reduction in blood pressure with the treatment regimen used. The overall
reductions in diastolic (20 to 24 mm Hg) and systolic blood pressure (26 to 30 mm Hg)
are striking in comparison with those reported in the meta-analysis by Collins and col-
leagues (1) (5 to 6 mm Hg reduction in diastolic blood pressure and 9 to 10 mm Hg in
systolic blood pressure). Admittedly, the blood pressure reductions observed in the HOT
study are in relation to baseline values and not placebo subtracted, as was done in the
meta-analysis of previous trials by Collins et al. (1). However, the reductions of both
diastolic (22 mm Hg) and systolic blood pressures (28 mm Hg) obtained in the HOT study
are definitely greater than those reported in the actively treated groups of most of the
major trials included in that meta-analysis. For example, the reductions in diastolic blood
pressure averaged 17 mm Hg in the Hypertension Detection and Follow-up Program
(HDFP) (25), 12 mm Hg in the Australian and the MRC trials on mild hypertension
(26,29), and even in the two major studies on isolated systolic hypertension, the SystEur
(30) and the SHEP (31), the reductions in systolic blood pressure were slightly but defi-
nitely smaller (23 and 26 mm Hg) than in the HOT. It can be concluded, therefore, that
the treatment regimen followed in the HOT study showed a greater effectiveness in low-
ering blood pressure, particularly diastolic blood pressure, than any previous study.

2. Tolerability of Intensive Blood Pressure Lowering

The medication administered in the HOT study was well tolerated. The only reported
adverse effects that exceeded 2% were dizziness, headache, leg edema, flushing, and
coughing, the latter three to a large extent attributable to the use of the calcium antagonist
and ACE inhibitors. Furthermore, the substudy on patient well-being (23) showed an over-
all improvement as compared with baseline, and that this improvement was greater in the
80 mm Hg or lower target group than in the other target groups.

3. Marked Reduction of Cardiovascular Events by Intensive Lowering
of Blood Pressure

The major cardiovascular event curves calculated from HOT study data suggest that from
three to ten cardiovascular events can be prevented in every 1000 patients treated for 1
year by reducing blood pressure from baseline to the optimal blood pressure values of 80
to 85 mm Hg diastolic, and 130 to 140 mm Hg systolic. However, most of this benefit
is achieved by lowering systolic blood pressure to about 140 mm Hg and diastolic blood
pressure to about 90 mm Hg, and only a small additional benefit is obtained by reducing
blood pressure any further. This conclusion agrees with a previous post hoc analysis of
the MRC mild hypertension trial (32) that showed that the relation between on-treatment
blood pressure and stroke flattens below systolic values of 135 to 140 mm Hg and diastolic
values of 85 to 90 mm Hg, with no evidence of an increased incidence at lower values.
Similar indications result from a post hoc analysis of the IPPPSH Study (33).

On the whole, the event rates in the HOT study were very low and definitely lower
than the event rates in actively treated patients in the trial meta-analysis by Collins et al.
(1) as revised by Collins and Peto (34). This is clearly shown in Table 20. It is unlikely
that the baseline cardiovascular risk in HOT patients was lower than in previous trials
meta-analyzed by Collins and Peto (34). In fact, the mean age of HOT patients was 5
years older than that of the patients of the meta-analysis; baseline systolic and diastolic
blood pressures of HOT patients (170/105 mm Hg) were higher than in several of the
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Table 20 Comparison of Event Rates (per 1000 patient-years) in
the HOT Study and in Collins and Peto’s Meta-Analysis of
Previous Trials (33)

HOT Previous trials*
(mean age 61) (mean age 56)

Total mortality 8.3 12.3
Cardiovascular mortality 3.8 6.5
All stroke 4.2 4.4
All myocardial infarction 3.0 7.8

*Actively treated patients.
Abbreviations: HOT, Hypertension Optimal Treatment.

major studies included in the meta-analysis [159/101 mm Hg in the HDFP (25), 158/100
in the Australian trial on mild hypertension (30), 156/98 in the MRC trial on mild hyper-
tension (26)] and some of the previous trials (such as the Australian and the MRC trials
(26,29) deliberately excluded patients with diabetes, previous myocardial infarction,
stroke, and ischemic heart disease. Therefore, major difference of HOT from previous
trials is in the percentage of actively treated patients that reached the target of 90 mm Hg
or lower: this was 91.5% among HOT patients, whereas Table 1 shows that from 23%
to 37% of patients in previous trials did not achieve this target. This is the most likely
explanation of the particularly low rate of cardiovascular events in the HOT study. Alterna-
tively, this low morbidity may be attributed to the prevalence of modern antihypertensive
agents in the treatment regimen (78% of patients receiving felodipine and 41% an ACE
inhibitor vs 28% receiving a β-blocker and 22% a diuretic).

4. No J-Shaped Curve When Diastolic Blood Pressure Is Brought
to ‘‘Normal’’ Values

The HOT study has also shown that an additional lowering of blood pressure below mini-
mum values does not produce a further reduction in events, but it is not harmful. There
was no evidence of a J-shaped curve for the relation of major cardiovascular events, all
myocardial infarction and all stroke with achieved blood pressure, at least in the ranges
observed in our study (down to 70 mm Hg diastolic, and 120 mm Hg systolic). This was
also true in the subgroup of more than 3000 patients with signs or history of ischemic
heart disease at randomization.

We did find a slight, though nonsignificant, increase in cardiovascular deaths at the
lowest level of blood pressure. As pointed out by Collins and Peto (34), because of the
relatively short duration of trials of antihypertensive therapy, analyses of mortality are
potentially unreliable and ‘‘less informative than indirect assessment of that effect, based
on analyses of the proportional effects of treatment on total stroke and on coronary
events.’’ Also, the slight increase in cardiovascular mortality was not caused by an increase
in fatal myocardial infarctions or fatal strokes at the lowest achieved blood pressure.

There was also a small nonsignificant increase in total mortality with declining blood
pressure, which was observed in the analysis of total mortality both in relation to target
group and to achieved blood pressure. This increase was only partly accounted for by the
increase in cardiovascular mortality. The small increment of total deaths in patients with
the lowest blood pressures may be accounted for by the blood pressure lowering of poor
health rather than by treatment.
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5. Particularly Significant Benefits of Intensive Blood Pressure Lowering
in Hypertensive Patients with Diabetes Mellitus

Intensive lowering of blood pressure produced such great benefits in the subgroup of
patients with diabetes mellitus that these were clear and statistically significant even in
the analysis by randomized target blood pressure groups, despite the small difference in
blood pressure (18). Significant trends for greater event reduction at lower target diastolic
blood pressure were found for major cardiovascular events and for cardiovascular mortal-
ity. Total mortality was also reduced with a P value (� 0.068) close to statistical signifi-
cance. All myocardial infarctions were halved, but because of their small number, the
reduction did not attain statistical significance. These results of the HOT study are consis-
tent with those of the recent UK Prospective Diabetes Study (UKPDS) trial (35,36) demon-
strating that a lower achieved blood pressure (144/82 mm Hg vs 154/87 mm Hg) was
associated with significantly reduced risk of macrovascular and microvascular disease
outcomes in diabetic patients.

6. Lower Myocardial Infarction Rate by Associating ASA
to Antihypertensive Treatment

In a previous section of this chapter, it was mentioned that many controlled studies have
proven the benefits of ASA in secondary prevention of myocardial infarction or of isch-
emic cerebrovascular disease (11), whereas only very few studies have investigated the
effect of ASA in primary prevention of cardiovascular events, and with controversial ef-
fects (13,14). In particular, the effect of antiplatelet therapy has not been assessed in a
prospective randomized trial of patients with hypertension. Indeed, hypertension has often
been considered a contraindication to ASA because of the concern that possible benefits
in the prevention of coronary events may be counterbalanced by an increased risk of
cerebral bleeding.

The investigation of the effects of a small dose of ASA versus placebo in treated
patients with hypertension, as we did in this study, provides very clear evidence of a
substantial beneficial action of ASA on fatal and nonfatal acute myocardial infarctions,
the incidence of which was reduced by as much as 36% (with the possibility of a benefit
between 15% and 51%), and the prevention of 1.3 myocardial infarctions per 1000 patients
treated for 1 year (and 2.5 myocardial infarctions per 1000 patient-years in subjects with
diabetes mellitus) in addition to the benefit achieved by antihypertensive therapy. The
relative benefit of ASA in patients with hypertension, as far as myocardial infarction is
concerned, is similar to that observed in studies of patients with previous myocardial
infarction or coronary disease (11). This benefit was achieved without any additional risk
of strokes, which occurred at the same rates in patients with hypertension receiving ASA
or placebo. Consequently, a significant benefit was also observed for major cardiovascular
events, which were reduced by 15%. There was also a nonsignificant trend toward a lower
cardiovascular mortality and total mortality in patients with hypertension who were receiving
ASA. Inclusion of silent myocardial infarction among events limited the benefits of ASA,
suggesting that silent myocardial infarctions may sometimes occur as a less severe event,
from the prevention of an acute myocardial infarction. Although the number of fatal bleeds
was similar in the ASA and placebo groups, the overall rate of major and minor bleeds
(mainly gastrointestinal and nasal) was about 1.8 times higher in the ASA group.

Because of the importance of establishing the balance between the benefits for myo-
cardial infarction and the risk of hemorrhage, we have carefully examined, in addition to
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the data from the HOT study, data from the recent Thrombosis Prevention Trial (TPT)
of high-risk patients (37), from the two major primary prevention trials (13,14), and from
a secondary prevention trial (the Swedish Aspirin Low Dose Trial, [SALT]) that used the
same dose of the same ASA preparation given to the HOT patients (12). Admittedly, there
are limitations in this approach, as all these studies were not very precise in the definition
and verification of bleedings. Table 21 (38) shows the extreme variability of incidence
of bleeds (expressed as bleeds per 1000 subject-years) and that, at any rate, the HOT is
never the study with the highest bleed rate. ‘‘All bleeds’’ appears to be the least reliable
variable (a range of values in the control groups between 4.62 in the HOT to 133.49 in
the TPT). A narrower range is observed for all gastrointestinal bleeds, again with the
lowest incidence in the HOT and the highest in the TPT. Only by restricting the analysis
to major gastrointestinal bleeds did TPT show the lowest incidence (the highest one oc-
curring in the SALT). Definition of a major gastrointestinal bleed is, however, much more
restrictive in the TPT (‘‘fatal and life-threatening, requiring transfusion or surgery’’) and
in the Physicians’ Health Study (‘‘fatal and requiring transfusion’’) than in the HOT (‘‘fa-
tal, life-threatening, disabling, or requiring hospitalization’’) and in the SALT and British
Male Doctors’ Study (‘‘severe and requiring discontinuation’’).

In conclusion, differences in bleed incidence between the various studies are most
likely the result of differences in bleed reports and definitions and on the whole, in the
hypertensive patients of the HOT study, aspirin was not associated with more bleedings
than in other antiplatelet trials. However, the advantages of using ASA in hypertension
have been shown in extremely well-treated patients with hypertension, such as those in
our study, and do not necessarily extend to less well-treated patients with hypertension.

7. Safety of Antihypertensive Treatment Based on Calcium Antagonists

Although this was not the primary aim of the HOT study, its results provide important
evidence in favor of the safety of an antihypertensive regimen based on calcium antago-
nists. All HOT patients were initiated on a low dose of felodipine and at the end of the
study, 78% of them were still taking felodipine (in two-thirds of cases, in association
with other antihypertensive agents). Although no comparative group with placebo or other
antihypertensive drugs was included in the HOT study, the very low incidence of cardio-
vascular events observed in the course of the trial obviously indicates the safety of the
therapeutic regimen used in the HOT. Together with the favorable results of controlled

Table 21 Bleeds in Five Cardiovascular Prevention Trials with Aspirin

Subject years Major GI All GI All bleeds

Trial A P A P A P A P

HOT Study 35,716 35,686 2.16 1.04 3.0 1.54 8.18 4.62
Thrombosis Prevention Trial 8,105 8,071 0.75 0.25 18.38 13.13 143.86 113.49
Physicians Health Study 58,895 54,864 0.88 0.51 14.30 12.69 53.30 40.24
British Male Doctors’ Study 18,820 9,470 3.67 — — — — —
SALT 1,724 1,568 5.22 2.55 6.38 2.55 28.42 14.03

Incidence of bleeds is expressed as bleeds/1000 subject-years. A: aspirin group; P: placebo group (no placebo
in the British Male Doctors’ Study control group). GI: gastrointestinal bleeds. Bleed rates are estimated from
data given in or inferred from each paper.
Abbreviation: SALT, Swedish Aspirin Low-Dose Trial.
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trials, such as the Syst-Eur (30), the Stone (39), and the Syst-China (40) that compared
calcium antagonist-based treatment with placebo in elderly hypertensive patients, the HOT
study results do not support the reservations raised by some authors against the use of
calcium antagonists in the treatment of hypertension.

VIII. INFLUENCES EXERTED BY THE HOT STUDY RESULTS
ON MEDICAL PRACTICE

It is too early to say how the principal results of the HOT study may influence medical
practice, but they have certainly influenced several aspects of the 1999 WHO/ISH guide-
lines (41) that often cite information provided by this study. The following are the major
clinical applications of HOT study evidence.

A. The Possibility of Lowering Blood Pressure to Goal

In the HOT study patients, the goal of 90 mm Hg diastolic blood pressure was achieved
in 91.5%, an accomplishment that was not obtained in any of the previous trials of antihy-
pertensive therapy. Choosing a target of 85 or 80 mm Hg and below, rather than 90 or
below, may have helped to obtain a more generalized control of diastolic blood pressure,
as in the target groups 85 or 80 mm Hg or less only 7% and, respectively, 6% of patients
failed to achieve the level of 90 mm Hg, whereas 12% of patients in the target group 90
mm Hg or lower failed to achieve this target. As explained in a previous section of this
chapter, the HOT study only used diastolic blood pressure as an objective of treatment,
and we cannot say whether reaching a systolic blood pressure target of 140 mm Hg or
lower would be equally successful.

B. Broad Use of Combination Therapy in Antihypertensive
Management

The 1999 WHO/ISH guidelines (41) mention that the HOT study has demonstrated that
combination therapy was necessary in about 70% of patients to achieve target blood pres-
sure. It is appropriate to underline that target blood pressure could be achieved in almost
two thirds of HOT patients by either low-dose monotherapy (with the calcium antagonist
felodipine) or low-dose combination of two agents (usually, a low dose of felodipine with
a low dose of either an ACE inhibitor or a beta blocker). Therefore, the HOT study shows
that, in the greatest proportion of hypertensive patients, blood pressure can be controlled
to a satisfactory degree without having to prescribe too many compounds or too large
doses.

C. Good Tolerability of Antihypertensive Therapy

Intensive lowering of blood pressure by drugs, as progressively combined in the HOT
study, was very well tolerated by patients, and the substudy on well being has shown that
the lower the target or the achieved blood pressure, the better the quality of life of the
patients (23). This refutes the common belief that antihypertensive drugs worsen quality
of life.

D. No Increased Risk in ‘‘Normalizing’’ Blood Pressure

The principal results of the HOT study demonstrated the benefits of lowering blood pres-
sure in patients with hypertension to about 140 mm Hg systolic and 85 mm Hg diastolic
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or lower. Efforts to lower blood pressure further, down to fully ‘‘normal’’ or ‘‘optimal’’
values of 120 mm Hg systolic and 70 mm Hg diastolic, give little further benefit but do
not cause additional risk. This was also true in the patients with baseline history or signs
of ischemic heart disease, that is, the group of patients for whom the concept of the J-
shaped curve was developed (8). Obviously, this does not rule out that a J-shaped curve
exists, and indeed it is likely to exist, but if the point of inflexion is below 120/70 mm
Hg, this means there is no risk in ‘‘normalizing’’ blood pressure.

E. Importance of Intensive Blood Pressure Lowering
in Diabetic Hypertensives

The HOT study, having involved the largest number of diabetic hypertensives as compared
with any other intervention trial, is a very important piece of evidence in favor of the
recommendation to lower blood pressure to normal or optimal values in diabetic patients.
This is recognized in the WHO/ISH guidelines (41). As treatment in the HOT study was
based on a calcium antagonist, the study indicates that calcium antagonists can be used
to lower blood pressure in diabetic patients. This conclusion is supported by a substudy
of diabetic patients in the Syst-Eur trial (42).

F. Benefits of Associating Antihypertensive Therapy
with Antiplatelet Agents

The WHO/ISH guidelines (41) recognize that ‘‘in view of the results of the HOT study,
it is reasonable to recommend the use of low-dose aspirin in hypertensive patients whose
blood pressure has been rigorously controlled, who are at high risk of coronary heart
disease and are not particularly at risk of bleeding from the gastrointestinal tract or from
other sites.’’ Analyses of the HOT data by gender (20) suggests that men may derive
more significant benefits from addition of aspirin to antihypertensive therapy.

APPENDIX

Study Organization

Executive committee—L Hansson (Sweden) and A Zanchetti (Italy; chairmen), SG Car-
ruthers (Canada), KH Rahn (Germany), S Julius (USA), J Ménard (France), H Wedel
(Sweden; statistician), B Dahlöf (Sweden; secretary), D Elmfeldt (Sweden; nonvoting),
S Westerling (Sweden; nonvoting).

Steering committee—DL Clement (Belgium), F Fyhrquist (Finland), B-G Hansson
(Sweden), H Ibsen (Denmark), KA Jamerson (USA), SE Kjeldsen (Norway), R Kolloch
(Germany), P Larochelle (Canada), G Leonetti (Italy), G McInnes (UK), J-M Mallion
(France), T Rosenthal (Israel), LM Ruilope (Spain), F Skrabal (Austria), P Toutouzas
(Greece), B Waeber (Switzerland), H Wesseling (The Netherlands), J-R Zhu (People’s
Republic of China).

National coordinators—R Sanchez (Argentina), E Kekes (Hungary).
Independent safety committee—JD Swales (UK), S Pocock (UK), JL Rodicio

(Spain).
Independent clinical event committee—L Rydén (Sweden), C Dal Palù (Italy), H

Holzgreve (Germany).
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Independent data audit committee—LH Lindholm (Sweden), JK McKenzie
(Canada).

Additional studies committee—T Hedner (Sweden), G Mancia (Italy), D Elmfeldt
(Sweden).

ECG committee—S Jern (Sweden), J Wikstrand (Sweden).
HOT study coordinating group—J Allgen (Sweden), B Virdborg (Sweden), I War-

nold (Sweden), S Westerling (Sweden).
Data handling and statistics group—A Hagelin (Sweden), P Lilja (Sweden), J Lind-

quist (Sweden), A Odén (Sweden), N-G Pehrsson (Sweden), H Wedel (Sweden).
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43. Amery A, Birkenhäger W, Brixko P, Bulpitt C, Clement D, Delaruyttere M, De Schaepdryuer
A, Dollery C, Fagard R, Forette F. Mortality and morbidity results from the European Working
Party on High Blood Pressure in the Elderly Trial. Lancet 1985; i:1350–1354.

44. Wilhelmsen L, Berglund G, Fitzsimons D, Holzgreve H, Hosie J, Pennert K, Tuomilehto J,
Wedel H, on behalf of the Heart Attack Primary Prevention in Hypertension Trial Research
Group. Beta-blockers versus diuretics in hypertensive men: main results from the HAPPHY
trial. J Hypertens 1987; 5:561–572.



16

Beta-Blocker Heart Attack Trial

ROBERT P. BYINGTON

Wake Forest University School of Medicine
Winston-Salem, North Carolina

I. BACKGROUND

The availability of proven therapies to reduce the clinical consequences of atherosclerotic
disease has accelerated remarkably over the last 25 years. In the nonacute setting, major
trials were still being conducted in the 1970s to test whether risk factor reduction would
reduce the occurrence of clinical atherosclerotic events. For example, major trials, such as
the Hypertension Detection and Follow-Up Program (1,2), tested whether antihypertensive
therapy of hypertensive patients would reduce the occurrence of cerebrovascular events.
Similarly, other major trials, such as the Coronary Primary Prevention Trial (3,4), were
being conducted to test whether lipid-lowering therapy of high-risk patients would reduce
the occurrence of cardiovascular events.

In the acute setting, within the last quarter-century the treatment of myocardial in-
farction (MI) has progressed greatly beyond simple bed rest, the alleviation of symptom-
atic pain, and the possible administration of one of the early antiarrhythmics. Of particular
concern to clinicians, epidemiologists, and other public health authorities was the occur-
rence of sudden death. Without warning, individuals with undetected atherosclerotic dis-
ease or undetected (and mostly untreated) risk factors were dying before they even reached
a hospital. No treatment was available to prevent this, either in the primary or secondary
setting.

A conference was sponsored in 1976 by the United States National Heart and Lung
Institute (now the National Heart, Lung, and Blood Institute, or NHLBI) to discuss poten-
tial agents to be used in either a primary or secondary prevention setting to reduce the
incidence of sudden death (5). After reviewing what was then known about the epidemiol-
ogy of sudden death and the mechanisms thought to be involved in the evolution of a
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clinical event, the conference participants considered therapeutic agents that might be
useful in suppressing arrhythmias or limiting ischemia. Because it was recognized that a
trial with an events outcome could easily require a large sample size followed up for many
years, the conference participants also considered which populations might have an event
rate that would make a sudden death trial both logistically and economically feasible.
Ultimately, a recommendation was given to the NHLBI that a beta-adrenergic blocking
agent (or beta-blocker) should be tested in patients who recently survived an acute MI.
Such an agent was selected for recommendation because it could block the sympathetic
nervous activity thought to be important in the pathophysiology of sudden death and, in
animal models, beta-blockers could limit the size of an infarct and decrease myocardial
ischemia (6,7). Also, and most importantly, there was evidence from five small trials to
suggest that such an agent would be efficacious in reducing events (8–15).

Based on that recommendation, the Beta-Blocker Heart Attack Trial (BHAT) was
initiated by the NHLBI in 1977. The particular beta-blocker selected, propranolol, was
the only one then available for use in the United States. To reduce the possibility of
outcome ascertainment bias, all-cause mortality, rather than sudden death was to be used
as the primary outcome measure.

Before the trial, propranolol, a nonselective beta-blocker without sympathomimetic
activity, was being used clinically to relieve angina pectoris and reduce ventricular arrhyth-
mias. It was also a documented antihypertensive. By the mid-1970s, using preliminary
data from other investigations, propranolol was even being advertised in some markets
as being able to reduce the incidence of a first MI among hypertensives, compared with
other antihypertensives (16).

This chapter reviews the design and primary results of that trial and focuses on the
subgroup of participants who had a self-reported history of hypertension.

II. DESIGN AND CONDUCT OF THE BETA-BLOCKER
HEART ATTACK TRIAL

A. Trial Design

The protocol-specified objectives and subgroup hypotheses for the BHAT are listed in
Table 1. The primary objective was to test whether the chronic administration of the beta-
blocker, propranolol hydrochloride, given to 3837 acute MI patients, would reduce the
incidence of all-cause mortality over a 2- to 4-year period (17). It was designed as a
randomized, placebo-controlled, double-masked, multicenter clinical trial. Protocol-speci-
fied secondary objectives included testing whether propranolol would reduce the incidence
of coronary heart disease (CHD) mortality, sudden cardiac mortality (death within 1 hour
of the onset of symptoms), and the combination of fatal CHD plus definite nonfatal recur-
rent MI (total ‘‘coronary incidence’’). Other outcomes of interest included the incidence
or recurrence of anginal events, heart failure, stroke, and coronary artery bypass graft
surgery (CABG). The description of the sample size calculations is provided below.

Recruitment for the trial began in June 1978 and ended in October 1980. Patients
were recruited and followed up in 31 centers with 134 participating hospitals across the
United States and Canada. (Appendix A lists the investigators and institutions participating
in BHAT and Appendix B describes the BHAT Steering Committee and its subcommit-
tees.) Follow-up ended in October 1981, 8 months ahead of the scheduled termination,
because data accumulated to that point provided compelling evidence that propranolol
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Table 1 BHAT Objectives and Subgroup Hypotheses as Specified in the Protocol

A. Primary objective To determine whether the regular administration of propranolol to pa-
tients who have had at least one documented myocardial infarction
would result in a significant reduction in mortality from any cause
over the follow-up period.

B. Secondary objectives 1. To evaluate the effect of the regular administration of propranolol
on:
a. the incidence of coronary heart disease mortality
b. the incidence of sudden cardiac death, defined as death within

1 hour of the onset of symptoms
c. the combined incidence of nonfatal myocardial infarction plus

coronary heart disease mortality
2. To evaluate the possible side effects of propranolol with chronic

use
3. To evaluate the possible mechanisms of action of propranolol if it

is successful in reducing mortality and morbidity
4. To evaluate the natural history of coronary heart disease in the pla-

cebo group population
C. Subgroup hypotheses Propranolol is effective in reducing sudden cardiac death:

to be tested
1. in patients with a prior myocardial infarction who have ventricular

arrhythmias at baseline
2. in patients with a prior anterior myocardial infarction

Abbreviation: BHAT, Beta-Blocker Heart Attack Trial.

was effective in reducing all-cause mortality (18). The BHAT participants were followed
up for a minimum of 12 and a maximum of 40 months; the average length of follow-up
was 25 months.

Men and women, age 30 through 69, who had been hospitalized for 5 to 21 days
for an MI (documented by specific symptoms, enzyme changes, and electrocardiographic
evidence) were potentially eligible for the trial. The major inclusion and exclusion criteria
are listed in Table 2. Patients with obvious indications or contraindications for a beta-
blocker were not eligible for the trial. Blood pressure parameters were considered: patients
were ineligible if they exhibited uncontrolled hypertension or pulmonary hypertension
with right ventricular failure or if they had symptomatic hypotension.

Over the more than 2-year recruitment period, approximately 16,400 age-eligible
patients with the BHAT definition of an MI who had survived at least 5 days were screened
by the BHAT investigators. It was from these patients that the trial enrolled the 3837
participants (23% of the 16,400). Of the 77% who were not enrolled, screenees were
judged ineligible because of contraindications to propranolol (18%), use or anticipated
use of propranolol (18%), trial design/conduct issues (for example, living too far from a
clinic, having a concomitant life-threatening illness, or having had cardiac surgery, 26%),
or because consent could not be obtained (15%).

Before randomization, eligible participants went through a baseline interview and
examination process (Table 3). Demographic and medical history data were collected (in-
cluding pre- and in-hospitalization histories), as well as history data regarding medication
use. The BHAT physician, after reviewing the patient’s history and conducting the physi-
cal examination, recorded an opinion regarding whether the patient had a history of angina
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Table 2 BHAT Inclusion and Exclusion Criteria

Inclusion criteria
Men and women
Aged 30 to 69 years at time of myocardial infarction
Admitted to coronary care unit
Having had a confirmed, BHAT-defined myocardial infarction
Gives informed consent
Randomized 5 to 21 days after infarction

Exclusion criteria
Contraindication to propranolol use (e.g., heart rate �50 beats/minute)
Indication for beta-blocker use (e.g., severe angina or hypertension uncontrolled by diuretic)
History of adverse reaction to a beta-blocker
Hypertension uncontrolled by therapy (�190 mm Hg systolic or �110 mm Hg diastolic)
Pulmonary hypertension with right ventricular failure
Symptomatic hypotension
Cardiogenic shock
‘‘Brittle’’ insulin-dependent diabetes
History of severe congestive heart failure
Heart failure within 3 days before last possible date for randomization
History of severe asthma as an adult
Women capable of becoming pregnant
Concomitant condition making it unlikely that patient would survive follow-up (e.g., cancer)

Abbreviation: BHAT, Beta-Blocker Heart Attack Trial.

and heart failure. The Rose Questionnaire (19) was used separately to identify angina. A
resting electrocardiogram, a chest x-ray, urinalysis, and serum cholesterol determination
were obtained as part of the physical examination. A 24-hour ambulatory Holter monitor
was conducted in 3266 (85%) of the randomized participants.

While still in the hospital, eligible patients were randomized to receive propranolol
(1916 patients) or matching placebo (1921 patients). Blinded study medication began im-
mediately after randomization. The initial dose of propranolol was 20 mg, which was
increased to 40 mg every 8 hours if no adverse reactions were noted. Blood was drawn
after a minimum of six 40-mg doses and 8 hours after the last dose. Serum propranolol
levels were measured at a central laboratory and the measurements reported to the coordi-
nating center. If the serum propranolol level was less than 20 ng/mL, then the coordinating
center instructed the clinical center to increase the study medication dosage at the 1-month
visit to 80 mg three times a day (or 240 mg/day). If the level was 20 ng/mL or greater,
then the clinical center was instructed to increase the dosage to 60 mg three times a day
(or 180 mg/day). To keep the clinical center blinded to the true treatment group assignment
of each participant, the clinics were also instructed to ‘‘increase’’ the ‘‘dose’’ for patients
randomized to the placebo group.

These dosage levels were to be maintained through-out the follow-up period unless
a reduction was clinically warranted (for example, because of a perceived side effect). At
the end of the recruitment period, 82% of the 3837 randomized participants had been
assigned to the 180 mg/day dosage and 18% to the 240 mg/day dosage. These proportions
were equal between the treatment groups at baseline (20). At the 6-month follow-up visit,
the mean propranolol level among the propranolol patients assigned to the 180 mg/day
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Table 3 BHAT Procedures by Visit

Determination
of serum Hematocrit, Cholesterol,

Physical 24-hour Chest propranolol WBC count, SGOT,
Visit Interview examination Electrocardiogram* Holter* X-ray† level* urinalysis† Potassium* creatinine*

Baseline X X X X X X X X X
1 mo‡ X X
1.5 mo X X X§ X X
3 mo X X
6 mo X X X
9 mo X X

12 mo X X X X X X X X
15 mo X X
18 mo X X X
21 mo X X
24 mo X X X X X X X
27 mo X X
30 mo X X X
33 mo X X
36 mo X X X X X X X
39 mo X X
42 mo X X X

*Analyzed centrally.
†Analyzed locally at clinical center.
‡Specific purposes of this visit are to assess overall health status, adherence, possible side effects, and to increase drug dosage (see text).
§Performed in a subset of participants.
Abbreviations: BHAT, Beta-Blocker Heart Attack Trial; WBC, white blood cell; SGOT, serum glutamate oxaloacetate transaminase.
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dose was 73 ng/mL, which was only slightly higher than the mean 67 ng/mL level among
the propranolol patients assigned to the 240 mg/day dose (personal notes by the author,
1982).

The first follow-up clinic visits occurred 4, 6, and 12 weeks after randomization
(Table 3). All subsequent visits occurred every 3 months for the duration of the trial. In
addition to the dispensation of study medication, these follow-up visits were designed to
monitor and record adherence to study medications, perceived side effects, current health
status (including use of non-study medications), and the occurrence of prespecified clinical
events. Good compliance to all aspects of the protocol was constantly stressed. The annual
postrandomization visits were more elaborate, with the collection of laboratory data and
the performance of a resting electrocardiogram.

Mortal events were blindly classified by a mortality classification subcommittee of
the steering committee. Any information concerning the death (death certificates, hospital
records, witness/family interview materials) was obtained and used in the committee’s
deliberations (21). At the end of the trial, vital status could not be ascertained on only 11
participants.

A detailed algorithm was developed to classify the recurrent nonfatal MIs (22). Like
the entry criteria for the qualifying infarction, the classification algorithm for the recurrent
infarctions used specific and documented symptom, enzyme, and electrocardiographic evi-
dence. Unlike the criteria for qualifying infarction, the electrocardiographic evidence now
required evidence of an evolving event (such as development of a new Q-wave). Using
standardized data collected by the clinics, a nonfatal event subcommittee was able to
classify the infarction event as definite, probable, or other (that is, not able to meet the
BHAT definition of a recurrent MI).

The incidences or recurrences of heart failure or stroke were monitored by the clin-
ics, and computer algorithms using data collected by the clinics to classify the events as
definite or probable (22) were used. The incidence or recurrence of angina was determined
by a positive Rose Questionnaire (19,22).

B. Definition of Hypertension and Prevalence of Hypertension
at Baseline in BHAT

As noted in the above description and in the entry criteria listed in Table 2, being hyperten-
sive per se was neither a specific entry requirement nor a specific entry exclusion criterion
(unless severe and untreated). At baseline, there was no attempt to identify specifically
and without error which patients were ‘‘hypertensive’’ and which were not. Using the
responses from various baseline questions and physical examination findings, however, a
number of definitions were constructed during the course of the trial, including definitions
that simply identified which patients had higher blood pressure levels (although it was
recognized that acute infarction patients would have temporarily lower pressures).

Two definitions were used most often during trial monitoring. The first was a posi-
tive response to the baseline interview question ‘‘Prior to this hospitalization, were you
ever told that you had high blood pressure or hypertension?’’ Using this definition, 1565
BHAT participants had a history of hypertension (40.8% prevalence). The second defini-
tion was an extension of the first. A positive response to the first question began a second
set of questions on whether the hypertension was treated with drugs. This second definition
thus had three levels to it: a history of treated hypertension (1128 participants, 29.4%
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prevalence), a history of untreated hypertension (437 participants, 11.4% prevalence), and
no history of hypertension (2272 participants).

The hypertension-specific analyses presented in this chapter will usually use the first
definition, the self-reported history of hypertension without regard to treatment. For ease
of presentation, BHAT participants will be categorized as ‘‘hypertensive’’ or ‘‘nonhyper-
tensive,’’although it is recognized that there may be some misclassification. As will be
described below, this definition does, however, identify people at increased risk of experi-
encing an event during follow-up.

C. Sample Size Calculation for the BHAT

The original targeted sample size for the trial was 4020 randomized participants (17).
This assumed an average of 3 years of follow-up, a two-sided alpha of 0.05, and 90%
power. Using data from observational studies of patients with an acute MI, the 3-year
mortality in the placebo group was assumed to be 18%. Using data from the earlier,
smaller trials of beta-blockers (8–15), it was assumed that a beta-blocker could reduce
that mortality rate by 28% to a 3-year rate of 12.96%. Taken together, the 3-year absolute
difference in the mortality rates between the two treatment groups was thus estimated to
be about 5% (�18% � 13%). When incorporated into a standard sample-size formula,
these assumptions initially indicated that approximately 2150 participants would be
needed to answer the question of whether a beta-blocker could reduce all-cause mortality
in patients who had recently experienced an MI (1075 randomized to each treatment
group).

However, it was also recognized that some of the patients randomized to the propran-
olol group would, over the course of follow-up, stop taking their study medication (that
is, drop out of the active treatment group). It was also recognized that some patients
randomized to placebo would begin taking an open-labeled beta-blocker (or drop into
active treatment). Based on data from observational studies, the 3-year drop-out rate from
the propranolol group was assumed to be 26%, and the 3-year drop-in rate for the placebo
participants was assumed to be 21%. If a beta-blocker really did reduce mortality (as
assumed), these crossovers would have the effect of lowering the 3-year mortality rate in
the placebo group to 17.46% and increasing the mortality rate in the propranolol group
to 13.75%. A revised 3-year absolute difference in the mortality rates between the two
treatment groups was now estimated to be a smaller, tighter 3.7%. Because all analyses
were to follow the intention-to-treat principle, these new estimates of the expected mortal-
ity rates were used in a final sample-size estimation procedure, providing the investigators
with the final, and much larger, required targeted sample size of 4020.

D. BHAT Analyses Presented in This Chapter

The BHAT results presented in this chapter were previously reported in published BHAT
papers found in the author’s records and notes from the trial (from his time at the BHAT
coordinating center), or were newly calculated using data supplied to the author by the
sponsor of the trial, the National Heart, Lung, and Blood Institute.

Prevalence ratios of categorical and means of continuous characteristics were esti-
mated at baseline. Simple rates were also estimated for follow-up events occurring over
the average 25 months of follow-up. Life-table estimates were made for all-cause mortality
and coronary incidence (defined as the first occurrence of a definite nonfatal reinfarction
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Fig. 1 Lifetable cumulative mortality curves for Beta-Blocker Heart Attack Trial (BHAT) partici-
pants. (From Ref. 21.)

or a fatal atherosclerotic event). Statistical differences between hypertensives and nonhy-
pertensives were estimated using standard procedures to test for significance (23). Tests of
‘‘treatment X hypertensive status’’ interactions were conducted using the Mantel-Haenszel
procedure (24). All analyses were conducted following the intention-to-treat principle.

It should be remembered that BHAT had one primary protocol-specified outcome
measure and three secondary protocol-specified outcome measures. In the two original
papers describing the results of the trial (21,22), the BHAT investigators appropriately
only presented P-values for these measures because of the issues involved with multiple
statistical testing. For ease of presentation, this chapter will not follow that original prac-
tice. All statistical tests (and the many resultant P-values) presented in this chapter, other

Fig. 2 Lifetable cumulative coronary incidence event curves for Beta-Blocker Heart Attack Trial
(BHAT) Participants. Coronary incidence: first occurrence of a definite nonfatal reinfarction or a
fatal atherosclerotic event. (From Ref. 22.)
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than the four protocol-specified tests, should be viewed as post hoc hypotheses. The addi-
tional, unadjusted P-values are provided to the reader as simple guides for judging possible
significance. A nominal P-value of 0.05 or less is used as a marker for highlighting a
difference between groups.

III. BASELINE CHARACTERISTICS OF THE ENTIRE BHAT COHORT,
AND BASELINE COMPARISON OF PARTICIPANTS
WITH AND WITHOUT A HISTORY OF HYPERTENSION

Table 4 describes the baseline characteristics of the 3837 randomized patients participating
in the trial. As noted above, 40.8% of the participants had a self-reported history of hyper-
tension; 29.4% had a history of treatment for hypertension.

The overall mean age was 55.3 years; ages ranged from 30 to 69 years. Approxi-
mately 15% of the participant were female and 9% were black. Over 80% were current
or former smokers, and the mean serum cholesterol value was 213 mg/dL. The mean
body mass index was 26.4 kg/m2. Fifteen percent had had a prior MI and about 10% had
a history of heart failure (9%) or diabetes (12%). Angina was measured both as the BHAT
physician’s opinion (37%) and as a positive response to the Rose Questionnaire (12%).
This difference in the anginal measures has been described previously (25).

Over one third (36%) of the randomized participants had electrocardiographic evi-
dence of an anterior infarction. Nine percent had an infarction that did not fulfill the strict
BHAT definition of a qualifying MI (non-BHAT MI). Because this classification was
determined after randomization, these patients remained in the trial as full participants
(although the mortality results were examined separately in this subgroup (21)). Because
of the manner in which these data were collected, it was not possible to identify the
location of the infarct in participants with a non-BHAT MI.

Table 4 Baseline Description of BHAT Participants, and Comparison of Those With and
Without a History of Hypertension Before Hospitalization

Entire BHAT History of No history of
population hypertension* hypertension P-value of
(n � 3837) (n � 1565) (n � 2272) difference

Mean age, yr 55.3 56.1 54.8 �0.001
Male, % 84.3 79.8 87.4 �0.001
Black, % 8.7 12.3 6.2 �0.001
White, % 88.9 85.0 91.6
Mean systolic BP, mm Hg 112.0 115.3 109.7 �0.001
Mean diastolic BP, mm Hg 74.4 74.6 70.9 �0.001
Mean heart rate, beats/minute 75.9 76.9 75.4 �0.001
Mean serum cholesterol, meq/l 213.3 214.6 212.3 0.12
Mean weight, kg

Men 80.2 82.2 78.7 �0.001
Women 67.0 68.5 65.1 0.002

Mean body mass index, mean kg/m2 26.4 27.0 25.9 �0.001
Cigarette smoking status, %

Current 57.2 50.4 62.0 �0.001
Former 25.8 28.1 24.1
Never 17.0 21.5 13.9



Table 4 Continued

Entire BHAT History of No history of
population hypertension* hypertension P-value of
(n � 3837) (n � 1565) (n � 2272) difference

Medical history, %
Prior MI 14.8 16.4 13.7 0.02
Angina (physician’s opinion from 36.7 41.2 33.7 �0.001

exam)
Angina (by Rose Questionnaire) 11.5 14.6 9.4 �0.001
Heart failure 9.3 10.8 8.2 0.007
Diabetes 11.6 16.6 8.1 �0.001
Use of a beta-blocker, just before 7.1 12.5 3.4 �0.001

MI
In-hospital events occurring before

randomization, %
Atrial fibrillation 6.3 7.0 5.8 0.13
Congestive heart failure 14.7 16.6 13.4 0.006
Ventricular tachycardia 23.2 23.2 23.3 0.92

Medications used at time of random-
ization, %

Antiarrhythmic 17.3 16.8 17.6 0.52
Anticoagulant 14.5 14.8 14.4 0.73
Antiplatetet 6.9 6.5 7.2 0.40
Diuretic 17.1 27.5 9.9 �0.001
Vasodilator 36.2 39.0 34.3 0.003
Digitalis 12.8 14.5 11.6 0.009
Insulin 3.5 3.9 3.2 0.23
Oral hypoglycemic 2.0 2.7 1.6 0.02

Location of BHAT MI, %
Anterior only 26.8 25.1 27.9 0.52
Anterior and inferior 9.6 10.4 9.1
Inferior only 32.0 32.8 31.5
Subendocardial 22.8 23.0 22.6
Non-BHAT MI 8.9 8.8 9.0

Abnormalities noted on resting
ECG, %

Q-QS waves 67.7 67.2 68.0 0.62
ST depression 26.4 30.6 23.4 �0.001
ST elevation 13.4 13.8 13.1 0.55
T-wave abnormalities 65.5 65.0 65.9 0.59
Ventricular conduction defects 9.0 9.2 8.9 0.70
Atrioventricular conduction 3.7 4.4 3.3 0.09

defects
Cardiomegaly on chest X-ray†, % 36.0 41.5 32.3 �0.001
Mean # VPBs/hour on 24-hour 13.3 14.1 12.8 0.64

Holter‡
Presence of multiform VPBs on 24- 32.1 34.4 30.5 0.02

hour Holter‡

*Self-reported positive response to baseline interview question: Prior to this hospitalization, were you ever told
by a doctor that you had high blood pressure or hypertension?
†X-ray obtained on 3266 of 3837 randomized participants (85%).
‡24-hour ambulatory Holter obtained on 3290 of 3837 randomized participants (86%).
Notes: %, percent; #, number; BP, blood pressure; MI, myocardial infarction; VPB, ventricular premature beats.
P-values � 0.05 are in bold.
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More than two thirds (68%) of the participants had Q-QS waves on the baseline
resting electrocardiogram and about 25% had an ST-segment depression. During the hospi-
talization for this event, 6% of the participants had experienced atrial fibrillation, 23%
ventricular tachycardia, and 15% heart failure (not severe enough to prevent randomization
into the trial). Just prior to the MI, 7% of the participants were taking a beta-blocker. At
the time of randomization, 36% of the participants were taking a vasodilator, 17% a di-
uretic, 17% an antiarrhythmic, 15% an anticoagulant, and 13% digitalis. Thirty-six percent
had evidence of cardiomegaly on the chest X-ray and 32% had multiform ventricular
premature beats (VPBs) on the 24-hour ambulatory Holter. The mean number of VPBs
per hour was 13.3.

The mean number of days between the day of admission for the MI and randomiza-
tion was 10.0 days (range 5 to 21). Overall, there was excellent comparability between
the baseline characteristics of those participants assigned to the propranolol group and
those assigned to the placebo group (17,21).

Table 4 also compares the baseline characteristics of 1565 self-reported hypertensive
versus 2272 nonhypertensive BHAT participants. The two groups of participants differed
on most of the characteristics described in this table (with P-values of 0.05 or less). Hyper-
tensive patients were slightly older (mean 56 vs. 55 years) and had larger proportions of
women (20% vs. 13%) and blacks (12% vs. 6%). Hypertensives also had higher mean
blood pressures (115/75 vs. 110/71) and higher mean body mass indices (27 vs. 26 kg/
m2). Larger proportions of hypertensives had histories of prior MI (16 vs. 14%), angina
(41 vs 37% for physician-defined angina and 15 vs 9% for Rose Questionnaire angina),
heart failure (11 vs 8%), and diabetes (17 vs 8%). Just prior to the MI, 13% of the hyperten-
sives and 3% of the nonhypertensives were taking a known beta-blocker.

Except for the occurrence of heart failure, hypertensives and nonhypertensives had
almost equivalent rates of in hospital complications: 17% of the hypertensives experienced
heart failure during hospitalization compared with 13% of the nonhypertensives. The rest-
ing electrocardiographic parameters were also nearly identical, with the exception of ST-
segment depression: hypertensives had a higher prevalence than nonhypertensives (31%
vs. 23%).

IV. OVERALL EVENT OUTCOME RESULTS IN BHAT

A. Effect of Propranolol on All-Cause Mortality

Table 5 summarizes the major fatal and nonfatal outcome results for the trial. The primary
BHAT outcome measure was all-cause mortality. After an average follow-up period of
25 months, 138 patients in the propranolol group died (3.5%/year) compared with 188
in the placebo group (4.7%). This 26% reduction in the primary trial outcome attribut-
able to propranolol use is depicted in Figure 1 and was highly statistically significant
(P � 0.004). Even after adjusting for baseline characteristics that were differentially dis-
tributed between the two treatment groups and for those characteristics that were known
to be predictive of mortality in post-MI patients, the treatment group difference remained
(21).

Interpreting the curves presented in Figure 1, the BHAT investigators noted in the
original paper (21) that the beneficial effect of propranolol began very soon after random-
ization and was greatest during the first 11/2 years after MI, although the curves remained
parallel for the duration of follow-up. This latter observation suggested continued benefit
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Table 5 Fatal and Nonfatal Events by Treatment Group (Mean 25 Month Follow-Up Period)

Propranolol (n � 1916) Placebo (n � 1921) Percent
relative Absolute risk P-value ofEvents Events

reduction reduction absolute
Number Rate/100/yr Number Rate/100/yr in risk 100 pts/yr reduction

All-cause mortality 138 3.5 188 4.7 26 �1.2 0.004
Cardiovascular death 127 3.2 171 4.3 26 �1.1 0.009
Atherosclerotic death 119 3.0 164 4.1 27 �1.1 0.006
Atherosclerotic sudden death (�1 hour) 64 1.6 89 2.2 28 �0.6 0.04
Recurrent definite nonfatal MI 85 2.1 101 2.5 16 �0.4 0.24
Coronary incidence* 192 4.8 249 6.2 23 �1.4 0.004
Definite heart failure 129 3.2 128 3.2 �1 0.0 0.93
Rose Questionnaire angina 747 18.7 733 18.3 �2 0.4 0.60
Definite stroke 29 0.7 30 0.7 3 0.0 0.90
Bypass surgery 174 4.4 202 5.0 14 �0.7 0.14

*Coronary incidence: first occurrence of a definite nonfatal reinfarction or a fatal atherosclerotic event.
Abbreviation: MI, myocardial infarction.
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up through 40 months. The authors also noted the consistency of the positive results be-
tween BHAT and the recently completed long-term trial of timolol (26) and short-term
trial of metoprolol (27). In both of these trials, a beta-blocker given after MI was associated
with a reduction in total mortality.

Accordingly, and in the absence of data beyond 40 months, the original BHAT
investigators recommended that propranolol be used for at least 3-years in postinfarction
patients who do not have a contraindication to beta-blockade.

B. Effect of Propranolol on Other Fatal Events

The other fatal outcome measures are also presented in Table 5 and in each case, propran-
olol was associated with a reduction in deaths. Cardiovascular deaths were reduced by
26% (3.2%/year vs. 4.3%, P � 0.009), atherosclerotic deaths were reduced by 27% (3.0%
vs. 4.1%, P � 0.006), and atherosclerotic sudden deaths (specifically, deaths within 1
hour of symptoms) were reduced by 28% (1.6% vs. 2.2%, P � 0.04). The last two out-
comes were protocol-specified secondary outcome measures in the trial.

The complementary causes of death were reported in the original results paper (21).
The treatment group differences in nonsudden atherosclerotic deaths, other cardiovascular
deaths, and all noncardiovascular deaths were never statistically significant. These results
suggested that the reduction in all-cause mortality was mediated through the beneficial
effects of propranolol on the cardiovascular system.

C. Effect of Propranolol on Nonfatal Events

The lower portion of Table 5 presents the effects of propranolol on other trial outcome
measures. Eighty-five participants in the propranolol group experienced a recurrent defi-
nite nonfatal MI, compared with 101 in the placebo group. Although the propranolol group
rate was 16% lower, the difference between the treatment groups did not reach statistical
significance (P � 0.24). Twelve participants had multiple infarcts during follow-up, five
in the propranolol group and seven in the placebo (22). Of the 85 propranolol participants
who had had a recurrent MI, 12 (14.1%) subsequently died; of the 101 placebo participants
who had had a recurrent event, 17 (16.8%) subsequently died (22).

When the nonfatal MIs were combined with the atherosclerotic deaths (‘‘coronary
incidence’’), there was a 23% statistically significant reduction in events (4.8%/year pro-
pranolol vs 6.2% placebo). This latter outcome measure, depicted in Figure 2, was also
a protocol-specified secondary outcome measure. Similar to what was noted in Figure 1
for all-cause mortality, the coronary incidence event curves in Figure 2 began to separate
immediately after randomization.

The fear of causing or exacerbating existing heart failure was a concern during the
development of the trial protocol. For that reason, patients with severe heart failure or
failure within 3 days of the last possible day of randomization were ineligible for random-
ization. During the trial, 257 participants experienced a definite heart failure episode,
equally divided between the two treatment groups [129 events in the propranolol group
and 128 in the placebo group, P � 0.93 (Table 5)]. When these events were stratified by
prior history of heart failure (including failure before the BHAT MI or heart failure during
hospitalization for the MI), there was a slight tendency for there to be more events in the
propranolol group among those with a pre-BHAT history (22). Among the 345 propranolol
patients with a history of heart failure, 14.8% experienced a recurrence; among the 365
placebo patients with a prior history, 12.6% experienced a recurrence. The rates of incident
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heart failure among patients without a history were lower and more equivalent: 5.0% of
the propranolol participants and 5.3% of the placebo participants experienced incident
heart failure during the BHAT follow-up period (22).

Detailed analyses of the BHAT heart failure data revealed that the effect of propran-
olol on heart failure was especially pronounced in the short term among those with a
prior history (28). Among propranolol patients without a history of heart failure, 1.3%
experienced heart failure during the first 30 days after randomization; among placebo
patients without a history, a comparable 1.1% experienced heart failure during the first
30 days; and among placebo patients with a history, the 30-day rate of recurrence was
only slightly higher at 1.6%. However, among propranolol patients with a history of heart
failure, 4.3% (1 of every 25 treated), experienced an episode of recurrent heart failure
during the first 30 days of treatment. After this initial period, however, the rate of heart
failure was equivalent for all groups (28).

Table 5 also describes the effect of propranolol on the occurrence of Rose Question-
naire angina, definite stroke, and CABG surgery. For each of these outcomes, there was
no statistically significant reduction in the rates that could be attributable to the beta-
blocker. This was an unexpected result for angina (18.7%/year propranolol vs. 18.3%/
year placebo) because propranolol was marketed as an antianginal agent. This lack of an
effect was also noted when the data were stratified by baseline history of angina (22).
Possible explanations for this incongruity are that the Rose Questionnaire does not measure
pain severity well and anginal frequency should have been taken into account.

D. Subgroup Findings of the Overall Results

The overall mortality and morbidity results from the trial have been stratified by many
subgroup characteristics and presented in detail in many BHAT papers. The clear benefi-
cial effects of propranolol were evident in almost all subgroups. Specifically, all-cause
mortality was reduced by the beta-blocker in the young and old (21,29), women and men
(21,30), in patients with and without severe ventricular arrhythmias (31,32), and in patients
with and without a complicated BHAT infarction (21,33). Similarly, coronary incidence
was reduced by the beta-blocker in the young and old and in patients with and without
a complicated MI (22).

E. Overall Safety Issues in BHAT

In addition to the prespecified clinical outcome measures of interest in the trial, the trial
investigators collected information regarding possible or perceived side effects. During
the follow-up visit interviews, participants were questioned about specific events often
thought to be related to beta-blocker therapy, such as blacking out, tiredness, frequent
nightmares, or a decrease in sexual activity. If a participant had to stop the blinded BHAT
medication, or if the assigned protocol dose had to be reduced, the specific reason for this
was recorded.

Table 6 presents the treatment group proportions of BHAT participants reporting
specific complaints at anytime during follow-up. The following complaints were reported
to be more common among the propranolol participants (21): tiredness (66.9% propranolol
vs. 62.3% placebo, P � 0.003), bronchospasm (31.2% vs. 27.1%, P � 0.005), cold hands
or feet (10.1 vs. 7.7%, P � 0.01), and diarrhea (5.5% vs. 3.6%, P � 0.007). Although
there was a treatment group difference in the average 25-month incidence of tiredness (a
commonly heard complaint for propranolol use in general practice), it is noted that the
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Table 6 Percent of BHAT Participants with Complaints at Any Time During Follow-Up

Percent Absolute
relative risk P-value

Propranolol Placebo difference difference/ of absolute
Complaint (n � 1916) (n � 1921) in risk 100 pts difference

Tiredness 66.9 62.3 6.8% 4.6 0.003
Bronchospasm 31.2 27.1 13.3% 4.1 0.005
Nightmares 39.7 36.9 7.1% 2.8 0.08
Cold hands, feet 10.1 7.7 23.7% 2.4 0.01
Insomnia 21.1 18.8 10.8% 2.3 0.08
Faintness 28.6 26.6 7.1% 2.0 0.17
Diarrhea 5.5 3.6 33.5% 1.8 0.007
Hallucinations 5.9 4.5 23.1% 1.4 0.06
Shortness of breath 66.8 65.5 1.9% 1.3 0.39
Nausea 6.0 4.8 19.9% 1.2 0.11
Reduced sexual activity 43.2 42.0 2.7% 1.2 0.46
Abdominal pain 5.7 4.8 16.2% 0.9 0.20
Depression 40.7 39.8 2.3% 0.9 0.56
Burning hands, feet 8.4 7.5 10.3% 0.9 0.33
Blurred vision 7.5 6.7 10.8% 0.8 0.33
Hair loss 1.2 0.7 43.4% 0.5 0.10
Eye dryness 0.6 0.5 8.6% 0.0 0.83
Flushing 1.4 1.5 �4.2% �0.1 0.87
Constipation 3.0 3.3 �7.6% �0.2 0.68
Dry mouth 2.3 2.6 �12.0% �0.3 0.58
Rash, itching 4.8 5.1 �6.3% �0.3 0.67
Blacking out 9.1 10.4 �14.1% �1.3 0.18
Rapid heart beat 10.8 15.1 �40.2% �4.3 0.001

Sorted by ‘‘Absolute Risk Difference.’’ Complaints at head of list are associated with use of propranolol.
Abbreviation: BHAT, Beta-Blocker Heart Attack Trial.

absolute difference in the rates was 4.6%, or about 2.3% per year. More than 60% of the
placebo patients had experienced tiredness. This is an example of a ‘‘side effect’’ that,
although truly related to treatment, is only so to a small degree. Ninety-five percent of
the propranolol patients experienced tiredness, not because of propranolol, but because
they were sick individuals.

It was also noted that other complaints usually associated with propranolol use (de-
pression and nightmares) were equally distributed between the placebo and propranolol
groups (21).

With respect to having a change in BHAT medication because of a perceived side
effect, the following reasons were more commonly given among the propranolol partici-
pants (21): reduced sexual activity (0.2% propranolol vs. 0.0% placebo, P � 0.05), gastro-
intestinal problems (1.0% vs. 0.3%, P � 0.01), and hypotension (1.2% vs. 0.3%, P �
0.005). Although associated with the use of propranolol, each of these reasons had a very
low incidence.

The overall conclusion of these findings was that propranolol use was safe in this
group of patients who had no contraindication to beta-blockade.
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V. EFFECT OF PROPRANOLOL TREATMENT ON CLINICAL EVENTS
AMONG HYPERTENSIVES IN THE BHAT

A. Effect of Baseline Hypertension Status on Clinical Events
in the BHAT Placebo Group

Before an attempt was made to determine the effect of propranolol on clinical events among
BHAT participants with and without a history of hypertension, the rates of these events were
examined by hypertensive status in the placebo group. The objective of this exercise was to
determine whether either of the self-reported definitions of hypertension history used by the
trial did well (or better) in predicting events among patients not exposed to propranolol.

Figure 3 presents the rates of fatal and nonfatal events, stratified by a history of
treatment for hypertension, history of untreated hypertension, and no history of hyperten-
sion. For each outcome measure, the rate is noted to be lowest among those patients
without a history of hypertension. For all-cause mortality, atherosclerotic mortality, and
coronary incidence, the rates were highest among treated hypertensives and were almost
equal for untreated hypertensives and nonhypertensives. For sudden death (death within
1 hour), there was a stepped-reduction in death with treated hypertensives having the
highest rate and untreated hypertensives having an intermediate rate. For heart failure, the
rates were equivalent between the two hypertension groups. For stroke, untreated hyper-
tensives had the highest rate.

Because the nonhypertensives consistently had the lower rates, and given the incon-
sistent patterns among treated and untreated hypertensives, the two hypertensive groups
were next grouped together for analysis. This is presented in Table 7, where the effect of
simply having a self-reported history of hypertension is noted to be predictive of clinical
events (placebo group only). For each of the events, hypertensives had a higher rate,

Fig. 3 Events in the Beta-Blocker Heart Attack Trial (BHAT) placebo group by self-reported
hypertensive status. Athero: atherosclerotic; HTN: self-reported history of hypertension before
BHAT MI; coronary incidence: first occurrence of a definite nonfatal reinfarction or a fatal athero-
sclerotic event.
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Table 7 Fatal and Nonfatal Events in the BHAT Placebo Group by History of Hypertension (Mean 25-Month Follow-Up Period)

History of hypertension No history of hypertension
(n � 771) (n � 1250)

P-valueEvents Events
Relative Absolute risk of absolute

Number Rate/100/yr Number Rate/100/yr risk 100 pts/yr difference

All-cause mortality 91 5.7 97 4.0 1.40 1.6 0.02
Cardiovascular death 84 5.2 87 3.6 1.44 1.6 0.01
Atherosclerotic death 81 5.0 83 3.5 1.46 1.6 0.01
Atherosclerotic sudden death (�1 hour) 47 2.9 42 1.8 1.67 1.2 0.01
Recurrent definite nonfatal MI 47 2.9 54 2.3 1.30 0.7 0.18
Coronary incidence* 119 7.4 130 5.4 1.37 2.0 0.008
Definite heart failure 70 4.4 58 2.4 1.80 1.9 0.001
Rose Questionnaire angina 315 19.6 418 17.4 1.12 2.2 0.05
Definite stroke 18 1.1 12 0.5 2.24 0.6 0.03
Bypass surgery 84 5.2 118 4.9 1.06 0.3 0.66

Notes: History of hypertension: self-report of history of hypertension before hospitalization for BHAT infarction.
*Coronary incidence: first occurrence of a definite nonfatal reinfarction or a fatal atherosclerotic event.
Abbreviations: BHAT, Beta-Blocker Heart Attack Trial; MI, myocardial infarction.
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Table 8 Deaths by Treatment Group and History of Hypertension (Mean 25-Month Follow-Up Period)

Propranolol Placebo Percent
relative Absolute risk P-valueDeaths Deaths

Tot number Tot number reduction reduction of absolute Interaction
Number Rate/100/yr in group Number Rate/100/yr in group in risk 100 pts/yr reduction P-value

All-cause mortality
Hx of HTN 69 4.2 794 91 5.7 771 26 �1.5 0.04 0.94
No Hx of HTN 69 3.0 1122 97 4.0 1150 27 �1.1 0.04
Overall: 138 3.5 1916 188 4.7 1921 26 �1.2 0.004

Cardiovascular death
Hx of HTN 63 3.8 794 84 5.2 771 27 �1.4 0.04 0.83
No Hx of HTN 64 2.7 1122 87 3.6 1150 25 �0.9 0.08
Overall: 127 3.2 1916 171 4.3 1921 26 �1.1 0.009

Atherosclerotic death
Hx of HTN 57 3.4 794 81 5.0 771 32 �1.6 0.02 0.60
No Hx of HTN 62 2.7 1122 83 3.5 1150 23 �0.8 0.10
Overall: 119 3.0 1916 164 4.1 1921 27 �1.1 0.006

Atherosclerotic sudden
death (�1 hour)

Hx of HTN 30 1.8 794 47 2.9 771 38 �1.1 0.03 0.36
No Hx of HTN 34 1.5 1122 42 1.8 1150 17 �0.3 0.41
Overall: 64 1.6 1916 89 2.2 1921 28 �0.6 0.04

Notes: History of hypertension (Hx of HTN): self-report of history of hypertension before hospitalization for BHAT infarction.
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reaching statistical significance for all but two categories, recurrent definite nonfatal MI
(P � 0.18) and bypass surgery (P � 0.66). Over the average 25 months of follow-up,
hypertensives died at a rate 40% higher than nonhypertensives (5.7%/year vs. 4.0%, P �
0.02) and had a rate of sudden death that was 67% higher (2.9%/year vs. 1.8%, P � 0.01).
Hypertensives also had higher rates of heart failure (4.4%/year vs. 2.4%, P � 0.001), Rose
Questionnaire angina (19.6%/year vs. 17.4%, P � 0.05), and (although the rates were
low) stroke (1.1%/year vs. 0.5%, P � 0.03).

B. Effect of Propranolol on Fatal and Nonfatal Clinical Events in
Post-MI Patients With and Without a History of Hypertension

The treatment group-specific fatal and nonfatal event rates in Table 5 were next stratified
by hypertensive status. The analyses of the fatal events are presented in Table 8. For each
outcome measure, an average 26% relative reduction in mortality attributable to propran-
olol is noted for patients with and without the self-reported history of hypertension. Also
for each outcome, the treatment group differences among hypertensives are nominally
statistically significant; for the nonhypertensives, only the treatment group differences for
all-cause mortality and cardiovascular death reached statistical significance, because the
absolute reductions in risk were smaller. However, the outcome-specific treatment X hy-
pertensive status interaction P-values did not provide evidence that hypertensives bene-
fited more or less from treatment with propranolol. Because hypertensives were at a higher
risk of death, the absolute reductions in risk were always greater for the hypertensives.
This indicates that on a population level, more deaths would be averted among treated
post-MI hypertensives than among treated nonhypertensives.

The effects of propranolol on all-cause mortality (the BHAT primary outcome mea-
sure) among hypertensives and nonhypertensives were examined in detail. Although the
overall death rates were higher among the hypertensives (Table 7), both hypertensives
and nonhypertensives experienced similar relative reductions in deaths (26% to 27%).
This is graphically depicted in Figure 4, where it is noted that the group with the highest

Fig. 4 Lifetable cumulative mortality curves by treatment group and history of hypertension. Hx
of HTN: history of hypertension. Note: Graph ends at 30 months of follow-up because of instability
in rates beyond this point.
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Table 9 Other Events Occurring During Follow-up By Treatment Group and History of Hypertension (Mean 25-Month Follow-Up Period)

Propranolol Placebo Percent
relative Absolute risk P-valueEvents Events

Tot number Tot number reduction reduction of absolute Interaction
Number Rate/100/yr in group Number Rate/100/yr in group in risk 100 pts/yr reduction P-value

Recurrent definite nonfatal
MI

Hx of HTN 34 2.1 794 47 2.9 771 30 �0.9 0.11 0.27
No Hx of HTN 51 2.2 1122 54 2.3 1150 3 �0.1 0.87
Overall: 85 2.1 1916 101 2.5 1921 16 �0.4 0.24

Coronary incidence*
Hx of HTN 84 5.1 794 119 7.4 771 31 �2.3 0.004 0.22
No Hx of HTN 108 4.6 1122 130 5.4 1150 15 �0.8 0.19
Overall: 192 4.8 1916 249 6.2 1921 23 �1.4 0.004

Definite heart failure
Hx of HTN 58 3.5 794 70 4.4 771 20 �0.9 0.20 0.07
No Hx of HTN 71 3.0 1122 58 2.4 1150 �25 0.6 0.19
Overall: 129 3.2 1916 128 3.2 1921 �1 0.0 0.93

Definite stroke
Hx of HTN 22 1.3 794 18 1.1 771 �19 0.2 0.58 0.23
No Hx of HTN 7 0.3 1122 12 0.5 1150 40 �0.2 0.24
Overall: 29 0.7 1916 30 0.7 1921 3 0.0 0.90

Rose Questionnaire angina
Hx of HTN 324 19.6 794 315 19.6 771 0 0.0 0.98 0.65
No Hx of HTN 423 18.1 1122 418 17.4 1150 �4 0.6 0.50
Overall: 747 18.7 1916 733 18.3 1921 �2 0.4 0.60

Bypass surgery
Hx of HTN 68 4.1 794 84 5.2 771 21 �1.1 0.12 0.43
No Hx of HTN 106 4.5 1122 118 4.9 1150 8 �0.4 0.52
Overall: 174 4.4 1916 202 5.0 1921 14 �0.7 0.14

Notes: History of hypertension (Hx of HTN): self-report of history of hypertension before hospitalization for BHAT infarction.
*Coronary incidence: first occurrence of a definite nonfatal reinfarction or a fatal atherosclerotic event.
Abbreviation: MI, myocardial infarction; BHAT, Beta-Blocker Heart Attack Trial.
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mortality included hypertensive patients not taking propranolol; the group with the lowest
mortality included nonhypertensive patients taking propranolol. In between, the mortality
rate for hypertensive propranolol patients was almost always equivalent to the rate for
nonhypertensive patients not taking propranolol; that is, the deleterious effect of hyperten-
sion was removed for patients taking propranolol.

Table 9 describes the effects of propranolol on the nonfatal outcome measures, stra-
tified by hypertensive status. For each event type, except heart failure and stroke, the effect
of treatment on the outcome was not greatly different for hypertensives or nonhyperten-
sives. As was noted overall in Table 5, propranolol patients experienced relatively large
reductions in fatal/nonfatal coronary incidence and smaller reductions in recurrent nonfatal
MIs and bypass surgery; there was no effect of propranolol on Rose Questionnaire angina.

Figure 5 presents the treatment group-specific lifetable curves for coronary incidence
stratified by hypertension status. Here, and supported to some extent by the point estimates
in Table 9 (although not by the nonsignificant interaction P-value), propranolol might
have had more of an effect in reducing total coronary events among hypertensives (31%
reduction versus a 15% reduction among nonhypertensives, Table 9). Mirroring what was
noted in Figure 4 for all-cause mortality, the group with the highest coronary event rate
in Figure 5 included hypertensive patients not taking propranolol; the group with the low-
est event rate included nonhypertensive patients taking propranolol. In between again, but
now only slightly higher than the lowest group, the event rates for hypertensive propran-
olol patients and nonhypertensive placebo patients were almost always equivalent.

For heart failure, there is a suggestion that only hypertensives experienced a reduc-
tion in events because of propranolol; nonhypertensives may actually experience slightly
more failure events. For this outcome, the interaction P-value of 0.07 almost reaches
nominal significance. However, given the number of post hoc statistical tests performed
and given that this observation has not been noted in other trials, this suggestion of harm
may be considered a statistical fluke.

Fig. 5 Lifetable cumulative coronary incidence event curves by treatment group and history of
hypertension. Coronary incidence: first occurrence of a definite nonfatal reinfarction or a fatal athero-
sclerotic event; Hx of HTN: history of hypertension. Note: Graph ends at 30 months of follow-up
because of instability in rates beyond this point.
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VI. EFFECT OF PROPRANOLOL ON OTHER BLOOD PRESSURE
CHARACTERISTICS

A. Effect of Propranolol on Blood Pressure Levels in Post-MI
Patients With and Without a History of Hypertension

At baseline, the mean in-hospital blood pressures of BHAT patients randomized to pro-
pranolol and placebo were 112/73 and 112/72 mm Hg, respectively (P � 0.22). As these
survivors of an MI became removed in time from the data of their BHAT MI, their blood
pressures increased, with the placebo patients increasing to a slightly higher mean pressure
(Fig. 6). At the first annual visit, the mean blood pressures for the propranolol and placebo
patients were 127/80 and 130/81, respectively (P � 0.001). This was a 15 mm Hg (13.4%)
increase in systolic blood pressure (SBP) and a smaller 7 mm Hg (9.9%) increase in
diastolic blood pressure (DBP) among the propranolol participants. Among the placebo
participants, the absolute and relative increases were greater: there was an 18 mm Hg
(16.0%) increase in SBP and a 9 mm Hg (11.9%) increase in DBP.

The mean blood pressures were not that different at the second annual visit. At this
visit, the minimum blood pressures were 80 and 90 mm Hg systolic and 50 and 40 mm
Hg diastolic for the propranolol and placebo patients, respectively.

As might be expected, the patterns were similar, although shifted, for the patients
with and without a self-reported history of hypertension (Fig. 7). The BHAT participants
with a history of hypertension had higher mean blood pressures at baseline (as also noted
in Table 4). As time progressed, and although they started at a higher blood pressure to
begin with, hypertensive patients experienced greater absolute and relative increases in
blood pressure in both treatment groups, although to a lesser extent among patients as-
signed to propranolol.

Fig. 6 Differences in mean blood pressure levels by treatment group and time. P � 0.001 at both
annual follow-up visits.
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Fig. 7 Differences in mean blood pressure levels by treatment group, history of hypertension,
and time. Hx of HTN: baseline self-reported history of hypertension. *P � 0.05; †P � 0.01.

Specifically, the mean inhospital baseline blood pressures for the hypertensive pro-
pranolol and placebo patients were 116/75 and 115/75 mm Hg, respectively. At the first
annual visit, the pressures had increased to 134/83 and 136/84 mm Hg, respectively,
treatment group differences that were not statistically significant. This was an 18 mm Hg
(18.2%) increase in SBP and a 9 mm Hg (11.4%) increase in DBP among the propranolol
hypertensives. Among the placebo hypertensives, the absolute and relative increases were
greater still: there was a 21 mm Hg (18.2%) increase in SBP and a 9 mm Hg (12.6%)
increase in DBP.

Among nonhypertensive patients, the mean baseline blood pressure for both pro-
pranolol and placebo patients was 110/71 mm Hg. At the first annual visit, the pressures
had increased to 123/77 and 126/79 mm Hg, respectively, treatment group differences
that were highly statistically significant (P � 0.001). This was a 13 mm Hg (11.8%)
increase in SBP and a 6 mm Hg (8.9%) increase in DBP among the propranolol hyperten-
sives. Among the placebo hypertensives, the absolute and relative increases were greater:
there was a 16 mm Hg (14.7%) increase in SBP and an 8 mm Hg (11.4%) increase in
DBP.

B. Effect of Propranolol on Use of Open-Labeled Antihypertensives
in Post-MI Patients With and Without a History of Hypertension

Figure 8 describes the use of open-labeled antihypertensive medications by treatment
group over time. As noted above, 29.4% of the BHAT participants had reported taking
an antihypertensive medication before the BHAT MI. This was evenly distributed between
the two treatment groups (28.6% propranolol, 30.2% placebo, P � 0.28). At the time of
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Fig. 8 Use of open-labeled antihypertensive medications by treatment group over time.

randomization, however, these prevalences had dropped (17.4% propranolol, 19.3% pla-
cebo, P � 0.32). Using these randomization prevalences as a new starting point, the use
of open-labeled antihypertensive medication increased from baseline to the first annual
visit, by 59% for the propranolol patients and 63% for the placebo patients. At this visit,
at which time there had been great increases in mean blood pressure levels from baseline
(Fig. 6), there was now a statistically significant difference between the treatment groups
in the use of open-labeled antihypertensives: 27.6% propranolol versus 31.4% placebo
(P � 0.02). However, between the first and second annual visits, the prevalence of antihy-
pertensive use increased in the placebo group to 33.7%, whereas the prevalence in the
propranolol group increased to an almost identical 33.2% (P � 0.84, for the difference
in prevalences). It is noted that the postrandomization prevalence estimates of about 30%
are only slightly higher than the preinfarction prevalence estimates of 29%.

C. Adherence to Trial Medication: Hypotension as a Reason
for Noncompliance

During the operational life of the BHAT, the trial investigators continually monitored
adherence to all aspects of the protocol. Of particular concern was adherence to study
medications. The goals were to keep BHAT participants on their assigned, blinded medica-
tions and off open-labeled beta-blockers. If a perceived side effect was clinically judged
to be related to the medication, the clinic physician had the option of taking a participant
completely off the medication or simply reducing the dose to a level below the assigned
protocol dose. The specific reasons why a drug was completely withdrawn or why a dose
was lowered were recorded and also monitored. A major a priori concern of the BHAT
investigators was that some propranolol participants may become hypotensive. For this
reason, ‘‘hypotension’’ was monitored as one of the reasons for noncompliance.

During the course of the trial, 48% of the propranolol patients and 52% of the
placebo patients had completely stopped their trial medications at least once (P � 0.04).
Forty-seven percent of the propranolol patients and 36% of the placebo patients had had
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Fig. 9 Proportion of Beta-Blocker Heart Attack Trial (BHAT) participants not compliant with
blinded trial medication because of hypotension by treatment group and time after randomization.
(Noncompliance: completely off trial medication or on less than full protocol dose.)

their assigned trial dosage level reduced at least once (P � 0.001). Because there was
overlap in these two measures of compliance, a more global measure was ‘‘being off
medication or not being at protocol dose.’’ For this measure, 66% of the propranolol
patients and 61% of the placebo patients were not compliant at least once (P � 0.001).

The BHAT participants fell in and out of this characterization of noncompliance as
clinic personnel worked with them to improve compliance. This is indicated by visit-specific
data. For example, at the final clinic visit for the trial, the prevalences of noncompliance (that
is being off medication or not being at protocol dose) were 13% for the propranolol patients
and 6% for the placebo patients (values much lower than 66% and 61%).

Figure 9 presents the treatment group and follow-up specific prevalences of being
noncompliant because of hypotension. (Data were not available to stratify these results
by history of hypertension.) Although the propranolol participants always had more non-
compliance participants because of hypotension (P � 0.001), the proportions were always
very small: at the second annual visit (24 months), 1.9% of the propranolol patients were
noncompliant because of hypotension compared with 0.7% of the placebo patients. This
1.2% difference indicates that for every 100 patients treated with propranolol, only about
1% might develop hypotension severe enough to warrant a change in dosage.

VII. GENERALIZATION OF THE OVERALL BHAT RESULTS

A major issue for any clinical trial is how generalizable the trial results are. This is a
function of the trial inclusion and exclusion criteria. As noted above and in Table 2, many
of the exclusions were related to the patient having a contraindication to propranolol. It
is unlikely that these patients would be given a beta-blocker, and obviously, the trial results
cannot be extrapolated to them. These patients comprised about 18% of all age-eligible
patients who survived 5 days. Many other exclusions were related to the strong likelihood
that the patient would be given a beta-blocker. Given the consistency of the reported
beneficial effects of propranolol in the previously reported subgroup analyses (21,29–33)
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and in the analyses of hypertensives presented in this chapter, there is no reason to believe
that these patients would not benefit from beta-blocker therapy. These patients also com-
prised 18% of the age-eligible 5-day survivors of an acute MI. Finally, most of the re-
maining exclusion criteria concerned design and conduct issues, and again, there is no
reason to believe that these patients would not benefit from beta-blocker therapy.

Thus, the BHAT results strongly suggest that up to three fourths of 30- to 69-year-
old post-MI patients who had survived at least 5 days and who had no contraindication
to beta-blockade could benefit from therapy.

VIII. IMPACT OF THE BHAT

The BHAT did not occur in a vacuum. It and the other contemporary beta-blocker trials
(25,26) were landmark clinical trials that demonstrated that the risk of mortality and coro-
nary events could be reduced in post-MI patients if given soon after a heart attack. The
major strength of the study, built on its solid design and well-managed conduct, was its
unequivocal findings: propranolol, when begun within 3 weeks of a heart attack, could
safely and easily reduce the 3-year incidence of all-cause mortality, atherosclerotic mortal-
ity, sudden death, and the 3-year incidence of fatal and nonfatal coronary events. This
benefit was seen in almost all examined subgroups, including hypertensives. These were
major findings and were reported, not only in the medical literature, but on the major
network news stations in the United States.

When designing a trial, decisions are made on how to conduct it in a standardized
fashion. Each decision made diminishes the opportunities of obtaining answers to other
questions. Thus, limitations for the trial are those that were built into the trial design. The
BHAT was not designed to address the question of whether beta-blockade reduces events
if treatment were begun months after the MI. Similarly, BHAT was not designed to address
the question of whether post-MI patients should continue a beta-blocker for more than 3
years.

Unfortunately, news of this great benefit has not been widely applied. Although the
BHAT results were first reported in 1981 (34) and, although the results suggested that up
to three fourths of post-MI patients could benefit from treatment, secondary prevention
trials of post-MI coronary patients begun much later still had large proportions of partici-
pants not on a beta-blocker. For example, the baseline use of beta-blocker therapy was only
36% among the post-MI patients in the Survival and Ventricular Enlargement (SAVE) trial
(begun in 1987) (35), 40% among the post-MI patients in the Cholesterol and Recurrent
Events (CARE) trial (begun in 1989) (36), 57% among the post-MI patients in the Scandi-
navian Simvastatin Survival Study (4S) trial (begun in 1987) (37), 47% among the coro-
nary patients in the Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID)
trial (begun in 1989) (38), 63% among the coronary patients in the Prospective Random-
ized Evaluation of the Vascular Effects of Norvasc Trial (PREVENT) (begun in 1992)
(39), and 33% among the women with coronary disease in the Heart and Estrogen/proges-
tin Replacement Study (HERS) (begun in 1993) (40).

To many, the concept of evidence-based medicine seems so self evident that it can
be ignored. However, when very large proportions of coronary patients are not given beta-
blockade, it is a demonstration that evidence-based medicine is not being practiced. As
might be expected, this underutilization of appropriate therapy is not random. A 1999
report suggests that physicians who work on randomized control trials were more likely
to use beta-blockers appropriately, compared with physicians in routine clinical practice
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(41). The authors of that report also note that the 1990 American College of Cardiology/
American Heart Association national guidelines for the early management of postin-
farction patients (42) did not result in an increase in the prevalence of appropriate beta-
blocker use. In contrast, another 1999 report presented evidence that intense local guide-
lines and physician re-education could result in an increase in beta-blocker use (43).

No evidence presented over the last 17 years has diminished the 1982 conclusion
of the BHAT investigators: ‘‘Based on the BHAT results, in conjunction with those of
studies reported previously, the investigators recommend the use of propranolol for at
least three years in patients with no contraindications to beta-blockade who have had a
recent MI’’ (21).
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James B. Young, M.D.
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Specific functions included: to advise and assist all study units on and with all operational
matters; to monitor the performance of the individual clinical centers with respect to pa-
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investigators informed about the progress of the trial; to report major problems to the
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Permanent members
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Richard S. Crow, M.D.
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William Ruberman, M.D.
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Daniel Arensberg, M.D.
Allen H. Barker, M.D.
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Robert P. Byington, M.P.H., Ph.D.
Lawrence M. Friedman, M.D.
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Ronald Prineas, M.D.
William Ruberman, M.D.

Nonfatal events subcommittee—classified, in a blinded and standardized fashion, specific
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nonfatal myocardial infarctions.

Paul N. Yu, M.D., Chairman
Robert P. Byington, M.P.H., Ph.D.
Kul D. Chadda, M.D.
Richard S. Crow, M.D.
J. David Curb, M.D.
John A. Grover, M.D.
Eugene Passamani, M.D.
Ronald Prineas, M.D.
Norman Reitman, M.D.
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Quality control subcommittee—monitored the performance of the clinical centers and the
central units. Blinded data were not reviewed by this subcommittee.

Curt Furberg, M.D., Chairman
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Richard S. Crow, M.D.
Ronald B. Harrist, Ph.D.
Frank Ibbott, Ph.D.
Robert M. Kohn, M.D.
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Effect of Enalapril on Morbid and
Mortal Events Among SOLVD
Participants with Hypertension

JOHN B. KOSTIS and MICHAEL C. RUDDY

University of Medicine and Dentistry of New Jersey–Robert Wood Johnson
Medical School, New Brunswick, New Jersey

I. INTRODUCTION

Unlike most of the other clinical trials described in this volume, the Studies of Left Ven-
tricular Dysfunction (SOLVD) were not designed as a study in hypertensives but addressed
the effect of the angiotensin-converting enzyme (ACE) inhibitor, enalapril, in patients
with systolic left ventricular dysfunction with or without heart failure. SOLVD trial is
included in this book because approximately 2000 patients had hypertension as well as
left ventricular dysfunction. A statistically and clinically significant reduction in ischemic
events, heart failure hospitalization, and total mortality was seen in the hypertensive subset
as well as in SOLVD as a whole.

II. RATIONALE OF SOLVD

The study was designed in the mid-80s when there was no proof that pharmacological
intervention could alter the long-term survival of patients with left ventricular dysfunction
and heart failure (1). Short-term studies of ACE inhibitors had shown hemodynamic and
symptomatic benefits in patients with heart failure, but there was no conclusive evidence
of a mortality benefit with these agents. SOLVD was one of several clinical trials designed
to assess the effects of ACE inhibitors on mortality in these patients. One of these, CON-
SENSUS (Cooperative North Scandinavian Enalapril Survival Study), was designed to
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evaluate the effect on mortality of the addition of the ACE inhibitor, enalapril, to digitalis
and diuretic therapy in patients with severe New York Heart Association [(NYHA) class
IV] heart failure. The VHeFT (Veterans Administration Vasodilator Heart Failure Trial)
focused on the effect of prazosin and of the combination of isosorbide dinitrate and hydral-
azine on mortality of patients with less severe (NYHA class II and II) heart failure who
were also taking digoxin and diuretics.

CONSENSUS was interrupted by the data safety monitoring board after 253 patients
were randomized because of a statistically significant 27% decrease in mortality in the
enalapril treatment group (2). In this trial fewer than 200 patients were followed up for
more than 6 months and only about 100 for more than 1 year. In VHeFT, patients random-
ized to the hydralazine or isosorbide dinitrate combination, but not those randomized to
prazosin, had a lower mortality than placebo (3). Thus, during the design and conduct of
SOLVD, available data suggested a benefit of vasodilator therapy on survival of patients
with heart failure. However, confirmation was needed, especially when long-term therapy
was considered for mildly symptomatic or asymptomatic patients (1).

III. THE DESIGN OF SOLVD

The SOLVD trial was designed in 1984 and 1985 and initiated in 1986 to evaluate the
effects of the ACE inhibitor, enalapril, on long-term mortality and morbidity in patients
with systolic left ventricular dysfunction with or without symptomatic heart failure. In
the middle to late 80s, it was not known whether pharmacological therapy could improve
long-term survival of patients with left ventricular systolic dysfunction and heart failure.
When SOLVD was designed and initiated (1984–1986), data indicated favorable hemody-
namic effects of ACE inhibitors, and small studies suggested a trend toward lower mortal-
ity. The SOLVD trial was designed to evaluate the effect of enalapril on mortality in a
broad spectrum of patients with left ventricular dysfunction with and without heart failure
(1). The primary objective of SOLVD was to answer the following question: can long-
term survival be improved by taking enalapril:

1. in patients with left ventricular dysfunction (resting ejection fraction � 0.35)
and no history of overt heart failure (for the prevention trial), and

2. in patients with left ventricular dysfunction (resting ejection fraction � 0.35
with a history of overt heart failure (for the treatment trial).

A secondary analysis was the effect of treatment on survival in all participants in
the study (treatment and prevention trials combined). In addition, the treatment was as-
sessed in five subgroups: (1) tertiles of plasma sodium; (2) patients using versus those
not using a vasodilator at baseline; (3) tertiles of baseline ejection fraction; (4) etiology
(coronary artery, hypertensive heart disease, and other); and (5) by NYHA functional
classification (this was added after the results of CONSENSUS became known). The pro-
tocol neither stipulated nor precluded the administration of antihypertensive therapy. Pa-
tients with uncontrolled hypertension, defined as systolic blood pressure � 140 mm Hg
AND diastolic blood pressure � 95 mm Hg, were excluded. Information on the duration
of hypertension is not available. In SOLVD, some patients were taking pharmacologic
agents with antihypertensive properties such as diuretics (43%), β-blockers (18%), and
calcium channel antagonists (33%). However, the reason for the administration of these
agents was not known but could be the presence of either hypertension or heart failure
(diuretics), coronary artery disease (β-blockers, calcium channel antagonists), or other
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indications for these drugs. Analysis of the effect of enalapril compared with placebo in
patients with hypertension was not a prespecified analysis in SOLVD. The analysis of
the hypertensive subset of SOLVD was prompted by the high number of patients with
hypertension as defined in Joint National Committee (JNC)-V and JNC-VI, who were
randomized in SOLVD (4,5). Recruitment in SOLVD started in June 1986 and ended in
May 1990 (March 1989 for the treatment trial). In addition to the primary and secondary
hypotheses addressed in SOLVD, seven substudies were carried out to investigate the
effect of treatment on a variety of outcomes that might mediate the effect of enalapril
treatment in the two trials, elucidate the mechanisms of action of enalapril, and answer
mechanistic questions.

Inclusion criteria of SOLVD were two: age between 21 and 80 years, inclusive,
and left ventricular ejection fraction � 0.35 measured by radionuclide angiography, left
ventricular contrast angiography or two-dimensional echocardiography within 3 months
of the day of consent. Exclusion criteria were noncardiac diseases likely to limit survival,
certain cardiac conditions other than primary myocardial dysfunction, intolerance to enala-
pril, and a substantial likelihood of nonadherence to the assigned medication (Table 1)
(1). Randomization was stratified by trial (treatment or prevention) and hospital.

To evaluate patient adherence and tolerability of ACE inhibition, a 2- to 7-day pre-
randomization drug challenge period was instituted (4). During this period, patients eligi-
ble for randomization were given enalapril, 2.5 mg twice per day, were contacted by
telephone regarding adverse effects a day later, and then seen 2 to 7 days after starting
to receive medication. At this visit (first visit after starting enalapril), heart rate and blood
pressure were measured, adverse effects were recorded, and blood was drawn for complete
blood count, electrolytes, and creatinine. The patients were given placebo for 14 to 17
days (mean 15 days) and then returned to the clinical center for randomization. At random-
ization, enalapril or matching placebo was started at 2.5 mg twice daily and titrated in
succeeding visits as tolerated to a maximum of 10 mg twice daily (Table 2). After random-
ization, visits were scheduled at 2 weeks, 6 weeks, 4 months, and then every 4 months
until the end of the study. Changes in clinical condition and functional status, the use of
nonstudy drugs, hospitalizations, and adherence to the study drug were noted at each
follow-up visit. Measurements of electrolytes, blood urea nitrogen, creatinine, and com-
plete blood count were obtained at specified intervals during follow-up. Adverse effects
was ascertained by questioning the participants at follow-up visits and by inquiring about
the reasons for withdrawing or changing the dose of the study drug. All randomized pa-
tients were retained in the analyses that were performed by the intention-to-treat approach.

The SOLVD trial was carried out in 23 clinical centers (total of 92 hospitals) in the
United States (20) Canada (2), and Belgium (1). The coordinating center, the project office
in the Clinical Trials Branch of the National Heart, Lung, and Blood Institute, and the Drug
and Distribution Center rounded out the structure of SOLVD. The steering committee was
composed of the principal investigators of the clinical centers and coordinating center and
the project officer. The Data and Safety Monitoring Board, appointed by the director of
the National Heart, Lung, and Blood Institute, reviewed the protocol and periodically
monitored the study for outcomes, toxicity, and safety (1).

A. Sample Size

Sample size was calculated using a model based on the normal approximation to the
binomial distribution with adjustment for lack of adherence and the following assump-
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Table 1 Inclusion and Exclusion Criteria of SOLVD

Inclusion criteria
Age 21 to 80 years, inclusive.
Left ventricular ejection fraction—6.35.
Exclusion criteria
Medical history of intolerance to enalapril.
Prospective participant already receiving an ACE inhibitor and unable to discontinue.
Myocardial infarction in the last 30 days.
Hemodynamically significant primary valvular or outflow tract obstruction (e.g., mitral valvular stenosis, asymmetric septal hypertrophy, or malfunctioning prosthetic valve).
Constrictive pericarditis.
Complex congenital heart disease.
Syncopal episodes presumed to be result of life-threatening arrhythmias. (Asymptomatic cardiac arrhythmia including ventricular tachycardia is not an exclusion criterion.)
Any prospective participant in whom cardiac surgery, including transplantation, is likely in the near future (e.g., participant’s name is on cardiac transplant list). In particular,

if a potential participant is likely to need CABG surgery in the immediate future, he or she should be excluded but can be reassessed for eligibility after surgery.
Unstable angina pectoris (defined as angina at rest) or severe stable angina (more than an average of two attacks/day) despite treatment.
Uncontrolled hypertension at the time of randomization. (Uncontrolled blood pressure is defined as systolic blood pressure � 140 mm Hg AND diastolic blood pressure � 95

mm Hg.)
Cor pulmonale (right ventricular failure secondary to pulmonary disease).
Advanced pulmonary disease (FEV1/FVC � � 50, peak expiratory flow rate � 200 ml/s, FVC � 60% of predicted).
Major neurologic diseases that could lead to early death (i.e., Alzheimer’s disease, advanced Parkinson’s disease).
Cerebrovascular disease (e.g., significant carotid artery stenosis) that could potentially be complicated or rendered unstable by administration of an ACE inhibitor. (Prospec-

tive participants who may be at increased risk for stoke should their blood pressure decrease excessively. The mere presence of a carotid bruit need not in itself exclude
participants.)

Collagen vascular disease other than rheumatoid arthritis (i.e., systemic lupus erythematosus, polyarteritis nodosa, scleroderma).
Suspected significant renal artery stenosis.
Renal failure (i.e., creatinine � 2.5 mg/dl or dialysis patients).
Malignancies, except for surgically cured skin cancer, carcinoma in-situ, or 5 years free of disease after the diagnosis of solid tumors.
Requirement for immunosuppressive therapy. (The use of steroids for non–life-threatening diseases such as arthritis is not an exclusion.)
Active myocarditis.
Significant primary liver disease.
Likelihood of a prospective participant being nonadherent because of chronic alcoholism, lack of a fixed address, drug addiction, etc.
Other life-threatening disease or prospective participant who is not realistically expected to be discharged alive from the hospital.
Pregnant woman or woman of child-bearing potential who is not protected from pregnancy by any method.
Prospective participant who is simultaneously receiving other investigational drug protocols (other than for compassionate use).
Failure to give consent.

Abbreviations: SOLVD, Studies of Left Ventricular Dysfunction; ACE, angiotensin-converting enzyme; CABG, coronary artery bypass grafting; FEV1, forced expiratory volume;
FVC, forced vital capacity.
(From Ref. 1.)
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Table 2

Eligibility established: EF � 0.30 etc.
Prerandomization run-in: enalapril 2.5 mg b.i.d.

2–7 days (median 6 days)
Exclusion of patients with noncompliance or side effects

Prerandomization placebo phase and placebo
14–17 days

Exclusion of unstable and noncompliant patients
RANDOMIZATION
(enalapril or placebo)

2.5 or 5 mg b.i.d. at physician judgment
2 weeks

5 mg or 10 mg b.i.d.
Follow-up visits

Physicians encouraged to maintain patients at 10 mg b.i.d. or as tolerated

Abbreviation: EF, ejection fraction.

Table 3 Outcomes Measures in the SOLVD Trial

Combined trials
Treatment trial Prevention trial (ischemic events)

Deaths Death Myocardial infarction
Deaths or hospitalizations for All causes Fatal

CHF Cardiovascular causes Nonfatal
Cardiovascular deaths Cardiac Either

Cardiac Arrhythmia without worsen- Hospitalization for angina
Arrhythmia without ing CHF MI or hospitalization for

worsening CHF Progressive heart failure angina
Heart failure or arrhyth- (pump failure or arrhyth- Cardiac deaths or nonfatal

mia with CHF mias with CHF) MI
MI Myocardial infarction Cardiac death, nonfatal MI,

Other Other or hospitalization for
Stroke Stroke angina
Other vascular or unknown Other vascular cause of un- All deaths, nonfatal MI or

Noncardiovascular deaths known hospitalization for
Noncardiovascular causes angina
Development of CHF
Development of CHF and anti-

CHF therapy
First hospitalization for CHF
Multiple hospitalizations for

CHF
Death or development of CHF
Death or hospitalization for CHF

Abbreviations: SOLVD, Studies of Left Ventricular Dysfunction; CHF, Congestive heart failure; MI, myocardial
infarction.
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tions: (1) a one-sided significance level of 0.025; (2) power of 90%; (3) a 3-year mortality
of 32% in the control group in the treatment trial; (4) average follow-up of 3.0 years; (5)
a 3-year mortality of 17% in the control group in the Prevention Trial; (6) a 25% reduction
in mortality given 100% adherence with treatment; (7) a 3-year adherence proportion of
80% in the treatment trial and 85% in the prevention trial; and (8) that nonadherers revert
to event rates of the other treatment group. Using these assumptions, a sample size of
2100 was calculated for the treatment trial and 4000 for the prevention trial. The sample
size was then adjusted upward to avoid underpowering the study if the above assumptions
did not hold true (for example, lower event rates or poorer adherence) to 2500 for the
treatment trial and 4600 for the prevention trial. The power of the combined study (the
treatment and prevention trials; 7100 patients, together) was 90% to detect a 13% reduction
in mortality (1).

IV. MAJOR FINDINGS OF SOLVD

During the open-label prerandomization drug challenge phase, enalapril, 2.5 mg twice per
day, was given on an outpatient basis for 7 days (mean 6.1, range 2 to 7, and median 7)
to 7487 patients. Four hundred forty-four (5.93%) patients reported side effects, including
symptoms attributed to hypotension (in 166 patients [2.2%]). Of the patients who reported
side effects, 77.9% agreed to continue their participation in the study with a 50-50 chance
of receiving enalapril. Ninety-eight (1.3%) of 7487 patients were not willing to continue
because of side effects (0.5% because of symptoms attributed to hypotension). Thus, out-
patient initiation of enalapril therapy was well tolerated by patients in SOLVD (4).

In the treatment trial, 1284 patients were randomized to placebo and 1285 to enala-
pril (approximately 90% in NYHA class II and III) (5). During an average follow-up of
41.4 months, there were 510 deaths in the placebo group (39.7%) and 452 in the enalapril
group (35.2%) (relative risk reduction 16%, 95% confidence interval [CI]) 5% to 26%
P � 0.0036, Tables 3 and 4). The largest mortality reduction was in deaths attributed to
progressive heart failure with no significant change on arrhythmic death. In addition, the
rate of hospitalization for worsening heart failure was higher in the placebo group (736)
than in the enalapril group (613; 26% risk reduction, 95% CI 18% to 34% P � 0.0001).

In the prevention trial, patients were randomly assigned to receive either placebo
(n � 2117) or enalapril (n � 2111) for an average follow-up of 37.4 months (6). Three
hundred thirty-four deaths occurred in the placebo group and 313 in the enalapril group
(relative risk reduction 8%, 95% CI 8% [an increase of 8%] to 21%, P � 0.30, Table 5).
The combined endpoint of death and development of heart failure occurred less frequently
in the enalapril group (630 events) than in the placebo group (818 events, relative risk
reduction, 29%, 95% CI 21% to 36%, P � 0.001). Four hundred thirty-four patients died
or were hospitalized for heart failure in the enalapril group versus 518 in the placebo
group (relative risk reduction 20%, 95% CI 9% to 30%, P � 0.001).

In both the treatment (127 vs. 158, P � 0.02) and prevention trials (161 vs. 204,
P � 0.01) as well as the combined trial (288 vs. 362, relative risk reduction 23%, 95%
CI 11% to 34%; P � 0.001), fewer patients developed myocardial infarction in the enala-
pril group than the placebo group (Table 6) (7). Unstable angina requiring hospitalization
developed in 499 in the enalapril group compared with 595 in the placebo group (risk
reduction 20%, 95% CI 9% to 29%, P � 0.001). There were fewer cardiac deaths (615)
in the enalapril group compared with placebo (711, P � 0.003). The combined endpoint
of death, myocardial infarction, and unstable angina was reduced by enalapril (20% risk
reduction, 95% CI 14% to 26%, P � 0.001).
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Table 4 Effect of Treatment on Mortality and Hospitalization for Congestive Heart Failure, and Proportion of Patients Taking Angiotensin-Converting-
Enzyme Inhibitors After Various Periods in the SOLVD Treatment Trial*

Mortality Death or hospitalization for heart failure
Proportion taking

Risk Risk inhibitors†
reduction reduction

Months of
Placebo Enalapril (95% CI) Placebo Enalapril (95% CI) Placebo Enalapril

follow-up Number Percent Number Percent Percent

3 69 47 33 (2–53) 164 92 46 (30–57) 6 91
6 126 91 29 (8–46) 259 150 45 (33–55) 10 88

12 201 159 23 (5–37) 401 262 40 (30–48) 12 86
24 344 277 23 (10–34) 559 434 30 (21–38) 20 83
36 450 396 16 (4–27) 680 555 28 (19–35) 23 82
48 504 443 17 (5–27) 731 607 27 (18–34) 30 83
Overall 510 452 16 (5–26) 736 613 26 (18–34) — —

Z � 2.69; P � 0.0036 Z � 5.65; P � 0.0001

*The 95% confidence intervals (CI) correspond to a two-sided P value of � 0.05 or a one-sided P value of � 0.025. Risk reductions were calculated by the log-rank test from
the data available at each specific time.
†Values shown for 3 and 6 months were based on data obtained after the visits at 4 and 8 months, respectively.
The inhibitors were angiotensin-converting-enzyme inhibitors.
Abbreviation: SOLVD, Studies of Left Ventricular Dysfunction.
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Table 5 Deaths, Causes of Death, Development of Heart Failure, and Hospitalization for Heart Failure, According to Treatment Group in the SOLVD
Prevention Trial

Reduction
Placebo Enalapril in risk

(n � 2117) (n � 2111) (95% CI)*

Cause of death or type of event No. (%) % Z score P value†

Death‡
All causes 334 (15.8) 313 (14.8) 8 (�8 to 21) 1.02 0.30
Cardiovascular causes 298 (14.1) 265 (12.6) 12 (�3 to 26) 1.57 0.12

Cardiac 271 (12.8) 238 (11.3) 13 (�3 to 27) 1.63 0.10
Arrhythmia without worsening CHF 105 (5.0) 98 (4.6) 7 (�22 to 30) 0.54 NS
Progressive heart failure (pump failure or 106 (5.0) 85 (4.0) 21 (�5 to 41) 1.64 0.10

arrhythmia with CHF)
Myocardial infarction 52 (2.5) 46 (2.2) 14 (�28 to 42) 0.74 ND

Other 8 (0.4) 9 (0.4) — — ND
Stroke 13 (0.6) 10 (0.5) — — ND
Other vascular cause or unknown 14 (0.7) 17 (0.8) — — ND

Noncardiovascular causes 36 (.7) 48 (2.3) — — ND

Morbidity and combined outcomes
Development of CHF 640 (30.2) 438 (20.7) 37 (28 to 44) 7.47 � 0.001
Development of CHF and anti-CHF therapy 477 (22.5) 293 (13.9) 43 (33 to 50) 7.59 � 0.001
First hospitalization for CHF 273 (12.9) 184 (8.7) 36 (22 to 46) 4.65 � 0.001
Multiple hospitalizations for CHF 102 (4.8) 58 (2.7) 44 (23 to 59) 3.61 � 0.001
Death or development of CHF 818 (38.6) 630 (29.8) 29 (21 to 36) 6.55 � 0.001
Death or hospitalization for CHF 518 (24.5) 434 (20.6) 20 (9 to 30) 3.46 � 0.001

*By the log-rank test. CI denotes confidence interval. A negative number indicates an increase in risk.
†NS denotes not significant and ND not done (i.e., no statistical test was performed).
‡After August 31, 1991, but before the final follow-up visits, there were eight additional deaths in the placebo group and four in the enalapril group. Therefore, the total numbers
of deaths were 342 in the placebo group and 317 in the enalapril group (risk reduction, 9% Z � 1.23; P � 0.22). The corresponding numbers for mortality from cardiovascular
causes were 304 and 269 (risk reduction, 13%; 95% confidence interval, �2 to 26; Z � 1.71; P � 0.09).
Abbreviations: SOLVD, Studies of Left Ventricular Dysfunction; CHF, congestive heart failure.
(From Ref. 6.)
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Table 6 Effect of Enalapril on Development of Myocardial Infarction, Hospitalization for
Worsening Angina, and Cardiac and Total Mortality in the Combined SOLVD Trials

No. of events (%) Risk
reduction (%)

Placebo EnalaprilOutcome (95% Cl) Z score P

Treatment trial
Myocardial infarction

Fatal 91 (1.7) 69 (5.4) 27 (1, 46) 1.99 0.04
Nonfatal 83 (6.5) 66 (5.1) 23 (�6, 44) 1.58 0.11
Either 158 (12.3) 127 (9.9) 23 (2, 39) 2.17 0.02
Hospitalization for angina* 240 (18.7) 187 (14.6) 27 (12, 40) 3.29 0.001
MI or hospitalization for angina 350 (27.3) 282 (21.9) 25 (12, 36) 3.63 0.001
Cardiac deaths or nonfatal MI 505 (39.3) 429 (33.4) 19 (8, 29) 3.21 0.001
Cardiac death, nonfatal MI, or hospital- 659 (51.3) 547 (42.6) 23 (14, 32) 4.63 0.0001

ization for angina
All deaths, nonfatal MI or hospitaliza- 700 (54.5) 592 (46.1) 22 (13, 30) 4.51 0.0001

tion for angina
Prevention trial
Myocardial infarction

Fatal 66 (3.1) 70 (3.3) �4 (�45, 26) �0.21 0.83
Nonfatal 147 (6.9) 103 (4.9) 32 (13, 47) 3.06 0.001
Either 204 (9.1) 161 (7.6) 24 (6, 38) 2.59 0.01
Hospitalization for angina* 355 (16.8) 312 (14.8) 14 (0, 26) 1.99 0.05
MI or hospitalization for angina 509 (24.0) 425 (20.1) 20 (9, 29) 3.35 0.001
Cardiac deaths or nonfatal MI 413 (19.5) 329 (15.6) 23 (11, 33) 3.49 0.001
Cardiac death, nonfatal MI, or hospital- 691 (32.6) 570 (27.0) 21 (12, 29) 4.13 0.0001

ization for angina
All deaths, nonfatal MI or hospitaliza- 722 (34.1) 613 (29.0) 19 (9, 27) 3.37 0.0001

tion for angina
Combined trials
Myocardial infarction

Fatal 157 (4.6) 139 (4.1) 14 (�8, 32) 1.32 0.19
Nonfatal 230 (6.8) 169 (5.0) 29 (13, 41) 3.39 0.001
Either 362 (10.6) 288 (8.5) 23 (11, 34) 3.38 0.001
Hospitalization for angina* 595 (17.5) 499 (14.7) 20 (9, 29) 3.61 0.001
MI or hospitalization for angina 859 (25.3) 707 (20.8) 22 (14, 29) 4.89 0.0001
Cardiac deaths or nonfatal MI 918 (27.0) 758 (22.3) 21 (13, 28) 4.72 0.0001
Cardiac death, nonfatal MI, or hospital- 1350 (39.7) 1117 (32.9) 22 (16, 28) 6.20 0.0001

ization for angina
All deaths, nonfatal MI or hospitaliza- 1422 (41.8) 1205 (35.5) 20 (14, 26) 5.82 0.0001

tion for angina

*Data for hospitalization for angina include both primary and secondary discharge diagnosis. Numbers of patients
hospitalized with a primary diagnosis of worsening angina are: prevention trial (329 placebo, 296 enalapril, Z
� 1.61), treatment trial (204 placebo, 166 enalapril, Z � 2.55) and combined trials (533 placebo, 462 enalapril,
Z � 2.84).
Abbreviations: SOLVD, Studies of Left Ventricular Dysfunction; MI, myocardial infarction.
(From Ref. 7.)

Enalapril was well tolerated in SOLVD. However, hypotension, azotemia, cough,
fatigue, and other side effects caused discontinuation of therapy in a significant minority
of patients (8). During an average of 40 months of follow-up, side effects were reported
by 28.1% of patients randomized to enalapril and by 16.0% of those randomized to placebo
(P � 0.0001). Enalapril use was associated with a higher rate of symptoms related to
hypotension [14.8% vs 7.1% of the placebo group, P � 0.0001 (Table 7)]. Additionally,
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Table 7 Side Effects Reported During Follow-Up in the Placebo and Enalapril Groups of
SOLVD

Placebo Enalapril

DISC if DISC if
SE SE DISC DISC SE Present SE SE DISC SE present

(no.) (%) (no.) (%) % (%) (%) (%) (%)

Hypotension 242 7.1 95 2.8 39.3 500 14.8 5.4 36.2
Taste 28 0.8 10 0.3 35.7 32 0.9 0.5 50.0
Skin rash 48 1.4 40 1.2 83.3 56 1.7 1.3 78.6
Azotemia 55 1.6 29 0.9 52.7 128 3.8 2.1 55.5
Fatigue 120 3.5 65 1.9 54.2 196 5.8 2.8 48.5
GI 70 2.1 40 1.2 57.1 98 2.9 1.7 57.1
Angioedema 4 0.1 4 0.1 100.0 12 0.4 0.3 83.3
Cough 67 2.0 47 1.4 70.1 169 5.0 3.3 66.9
Vision 12 0.4 5 0.1 41.7 24 0.7 0.3 41.7
Hyperkalemia 14 0.4 2 0.1 14.3 41 1.2 0.7 56.2
Impotence 19 0.6 7 0.2 36.8 22 0.7 0.5 81.8
Leukopenia 6 0.2 3 0.1 50.0 13 0.4 0.3 76.9
Proteinuria 16 0.5 9 0.3 56.3 6 0.2 0.1 50.0
Other 95 2.8 58 1.7 61.1 114 3.4 1.8 54.4
Any SE 542 16.0 291 8.6 53.7 949 28.1 15.2 54.1
Patients (no.) 3387 3382

Abbreviations: SOLVD, Studies of Left Ventricular Dysfunction; SE, side effect; DISC, discontinued blinded
treatment because of side effect; GI, gastrointestinal; Hypotension, symptoms attributed to hypotension.
(From Ref. 4.)

the following were reported more frequently in the enalapril group: azotemia (3.8% vs.
1.6%, P � 0.0001), cough (5.0% vs. 2.0%, P � 0.0001), fatigue (5.8% vs. 3.5%, P �
0.0001), hyperkalemia (1.2% vs. 0.4%, P � 0.0002), and angioedema (0.4% vs. 0.1%,
P � 0.05). Blinded therapy was discontinued because of side effects in 15.2% of the
enalapril group versus 8.6% in the placebo group (P � 0.0001).

V. CHARACTERISTICS OF THE HYPERTENSIVE SUBSET OF SOLVD

Of the 6797 patients who were randomized into SOLVD, 2652 gave a history of hyperten-
sion at randomization. One thousand five hundred eight patients had systolic blood pres-
sure (SBP) of 140 mm Hg or higher and 985 patients had diastolic blood pressure (DBP)
90 mm Hg or higher at randomization. In the retrospective analysis of the SOLVD data-
base, the hypertensive population of SOLVD was defined in three alternative ways, using
three overlapping subsets (history of hypertension, SBP � 140 mm Hg, and DBP � 90
mm Hg). The fact that similar results were observed in analyzing all three subsets strength-
ens the conclusions of the analysis. The three subgroups overlapped; some patients had
both high SBP and high DBP, and some with history of hypertension also had SBP of
140 mm Hg or higher or DBP of 90 mm Hg or higher, whereas others did not (Table 8).
Five hundred seventy-six patients had elevation of both systolic and diastolic blood pres-
sure (285 randomized to placebo and 291 randomized to enalapril). Separate analysis of
this subset was not performed because of its smaller size and the large overlap (58%)
with the subset with elevated diastolic blood pressure (9,10).



Table 8 Number of SOLVD Participants with High Blood Pressure at
Baseline Who Were Randomized to Placebo and Enalapril

SBP � 140 mm Hg DBP � 90 mm Hg

Trial Placebo Enalapril Total Placebo Enalapril Total

Prevention 482 440 922 319 316 635
Treatment 279 307 586 162 188 350
Combined 761 747 1508 481 504 985

Abbreviations: SOLVD, Studies of Left Ventricular Dysfunction; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure.
(From Ref. 10.)

Table 9 Baseline Characteristics in SOLVD Participants with High Blood Pressure
at Baseline-Combined Trials

Baseline DBP � 90 mm Hg Baseline SBP � 140 mm Hg

Placebo Enalapril Placebo Enalapril

N % N % N % N %

Age (Yrs)
20–29 19 4.0 18 3.6 7 0.9 10 1.3
40–49 74 15.4 72 14.3 46 6.0 53 7.1
50–59 158 32.8 167 33.1 183 24.1 186 24.9
60–69 173 36.0 196 38.9 366 48.2 340 45.6
70–80 57 11.8 51 10.1 158 20.8 157 21.0
Male 423 87.9 438 86.9 643 84.5 610 87.1
Female 58 12.1 66 13.1 118 15.5 137 18.3
Race
Black 80 16.6 88 17.5 91 12.0 111 14.9
White 389 80.9 407 81.1 659 86.6 622 83.5
Other 12 2.5 7 1.4 11 1.4 12 1.6
No prior MI 167 34.7 151 30.0 270 35.5 226 30.3
Prior MI 314 65.3 352 70.0 491 64.5 519 69.7
No prior angina 325 67.7 342 67.9 503 66.2 497 66.5
Prior angina 155 32.3 162 32.1 257 33.8 250 33.5
No prior CABG 362 75.3 385 76.4 564 74.1 543 72.7
Prior CABG 119 24.7 119 23.6 197 25.9 204 27.3
Etiology
Ischemic HD 342 71.1 362 72.0 563 74.0 555 74.5
Unknown/idiopathic 74 15.4 72 14.3 120 15.8 108 14.5
Other 65 13.5 69 13.7 78 10.2 82 11.0
NYHA class I 213 44.3 245 48.6 344 45.2 331 44.3
Class II 213 44.3 205 40.7 335 44.0 322 43.1
Class III 52 10.8 52 10.3 79 10.4 91 12.2
Class IV 3 0.6 2 0.4 3 0.4 3 0.4
Age (yrs) 481 58.1 504 58.3 760 62.7 746 62.4
EF 481 27.0 504 27.3 761 27.7 747 28.2
SBP (mm Hg) 481 141.9 504 141.5 761 148.8 747 148.9
DBP (mm Hg) 481 92.9 504 92.8 761 84.5 747 84.7

Abbreviations: SOLVD, Studies in left Ventricular Dysfunction; DBP, diastolic blood pressure; SBP,
systolic blood pressure; MI, myocardial infarction; CABG, coronary artery bypass graft; HD, heart
disease; NYHA, New York Heart Association; EF, ejection fraction.
(From Ref. 10.)
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The placebo and enalapril groups of the hypertension subsets of SOLVD were bal-
anced with respect to baseline characteristics as shown in Table 9. Among the 26 compari-
sons shown, only one statistically significant difference was seen between the enalapril
and placebo groups: among patients with high systolic blood pressure at baseline, prior
myocardial infarction was significantly more frequent in the enalapril group (P � .034).

In this post hoc subgroup analysis of the hypertensive subset of SOLVD, crude
event rates were calculated as the percentage of patients experiencing the event. Relative
risks were computed using a Cox regression analysis, with treatment group as the only
independent variable. Homogeneity of treatment effects between hypertensive and nonhy-
pertensive subgroups was tested by examining the interaction between treatment group
and hypertension in the Cox regression model.

A. Effect on Blood Pressure

During follow-up, enalapril was associated with lower SBP and DBP. The average differ-
ence in blood pressure between the placebo and enalapril groups was 6/4 mm Hg. Blood
pressure at baseline, at year 1, and at year 2 of follow-up is shown in Table 10 (10). All
differences between enalapril and placebo were statistically significant with P � .01 with
two exceptions: in the subgroup with high SBP and high DBP at year 1, the difference
in DBP was significant with P � .04. At year 2, the differences in both DBP and SBP
were not statistically significant (small N).

B. Effect on Morbid and Mortal Events

In the SOLVD hypertensive subset, the relative risk for a cardiac event or death was
consistently in favor of enalapril for all endpoints considered. The SOLVD study was not
powered to detect differences within these small hypertension subgroups. However, either
a statistically significant benefit or a favorable trend for risk reduction was seen in all
hypertensive subgroups examined (Table 11). For the combined trials, therapy with enala-
pril was associated with an 18% reduction in the relative risk of death (95% CI: 2% to
32%, P � 0.03) and lower crude mortality rate from 26.1% for placebo to 21.5% (differ-
ence 4.6%, 95% CI; 18.3 to 0.9) (Fig. 1). The number needed to treat (NNT) to prevent
one death during the trial was 21.8. The relative risk reduction of mortality in the treatment
trial was 24% (95% CI: 3% to 41%, P � 0.03) and in the prevention trial 17% (95% CI:
�9% to 37%, P � 0.18). As a result of the lower mortality rates, the average follow-up
time during the combined trials was 0.11 years longer (95% CI: 0.00 to 0.20 years) for
patients receiving enalapril. Adjusting survival time for NYHA class had little effect on
the reported findings (Table 10) (11). The magnitudes of the treatment effects were similar
in the hypertensive and nonhypertensive subgroups (Table 9). There were no statistically
significant interactions between treatment group and hypertensive status, implying that
enalapril has similar effects regardless of hypertensive and normotensive patients with
left ventricular dysfunction.

The effects on congestive heart failure hospitalization on the combined ischemic
event of cardiac mortality, myocardial infarction, and unstable angina were statistically
significant in the individual analyses of each trial and each blood pressure subset studied
(Table 11). Thus, the rate of hospitalization for congestive heart failure was lower in the
enalapril group than the placebo group among patients with history of hypertension (35%
lower), among those with elevated DBP at baseline (43% lower), or high SBP at baseline
(33% lower). The effect of enalapril on lowering the rate of hospitalization for congestive
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Table 10 Mean Change in Blood Pressure in the SOLVD Combined Trials

Year 1

Placebo Enalapril

Group N Pre Post Change N Pre Post Change

Changes in systolic blood pressure
SBP normal, DBP normal 2040 117.8 122.5 4.7 2077 118.0 117.1 �0.9
SBP normal, DBP high 165 128.9 130.3 1.4 190 127.9 124.5 �3.4
SBP high, DBP normal 390 147.2 139.3 �7.8 393 147.1 132.6 �14.5
SBP high, DBP high 235 150.8 140.8 �10.0 242 151.2 136.1 �15.0
Changes in diastolic blood pressure
SBP normal, DBP normal 2040 74.2 76.2 2.0 2077 74.3 72.9 �1.5
SBP normal, DBP high 165 92.1 84.8 �7.3 190 91.6 81.2 �10.3
SBP high, DBP normal 390 79.4 78.8 �0.6 393 79.5 75.8 �3.7
SBP high, DBP high 235 93.3 85.4 �7.9 242 93.5 83.3 �10.2

Year 1 Year 2

Placebo Enalapril

Group N Pre Post Change N Pre Post Change

Changes in systolic blood pressure
SBP normal, DBP normal 1562 117.9 123.1 5.2 1614 117.9 117.6 �0.3
SBP normal, DBP high 123 129.1 127.7 �1.4 150 128.1 121.5 �6.6
SBP high, DBP normal 286 147.0 140.4 �6.6 310 147.0 131.1 �15.9
SBP high, DBP high 176 150.1 138.0 �12.1 195 150.7 136.4 �14.3
Changes in diastolic blood pressure
SBP normal, DBP normal 1562 74.3 75.6 1.4 1614 74.4 72.8 �1.6
SBP normal, DBP high 123 92.1 83.0 �9.1 150 91.9 77.8 �14.1
SBP high, DBP normal 286 79.5 78.1 �1.4 310 79.6 74.8 �4.8
SBP high, DBP high 176 93.5 82.4 �11.0 195 93.5 81.5 �11.9

Abbreviations: SOLVD; Studies of Left Ventricular Dysfunction; Change, change in blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.
(From Ref. 10.)



Table 11 Mortality, Myocardial Infarction, Unstable Angina, Stroke, and Hospitalization for
Congestive Heart Failure in SOLVD Patients with and Without History of Hypertension and in
Those with Elevated Systolic or Diastolic Blood Pressure at Baseline

No H/O HT H/O HT

EN PL RR P EN PL RR P

N 2068 2077 1328 1324
Total mortality 20.6 24.1 0.866 .006 24.8 25.8 0.927 .323
CHF 16.7 24.1 0.647 �.001 20.6 28.3 0.664 �.001
Stroke 3.0 3.8 0.775 .132 5.4 5.4 0.979 .898
MI 8.3 11.0 0.729 .002 8.7 10.0 0.836 .159
Angina 13.5 17.3 0.743 �.001 16.5 17.7 0.900 .263
Combined endpoint 30.4 38.5 0.744 �.001 34.2 39.4 0.825 .003

DBP � 90 SBP � 140

EN PL RR P EN PL RR P

N 504 481 747 761
Total mortality 19.6 23.7 0.791 .088 23.4 27.3 0.841 .091
CHF 16.5 26.0 0.574 �.001 19.5 27.7 0.647 �.001
Stroke 5.2 6.4 0.755 .289 5.0 6.8 0.707 .105
MI 8.9 9.6 0.889 .575 9.5 11.6 0.806 .176
Angina 15.9 15.2 0.872 .42 14.3 16.0 0.867 .280
Combined endpoint 29.0 36.0 0.762 .015 30.8 38.8 0.766 .002

Abbreviations: SOLVD, Studies of Left Vertricular Dysfunction; H/O HT, history of hypertension; SBP, systolic
blood pressure at baseline; CHF, hospitalization for heart failure; MI, acute myocardial infarction; No H/O HT,
no history of hypertension; PL, crude rate in the placebo group; RR, relative risk based on a life-table analysis
(note that 100 (1-RR) is the percent risk reduction associated with enalapril therapy); combined endpoint, myo-
cardial infarction, unstable angina, cardiac mortality; DBP, diastolic blood pressure at baseline; stroke, develop-
ment of stroke; angina, hospitalization for angina; EN, crude rate in the enalapril group.

Fig. 1 Enalapril reduced the risk of all major cardiovascular clinical events in the Studies of Left
Ventricular Dysfunction (SOLVD) and also reduced total mortality. (From Ref. 9.)
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heart failure was more pronounced in patients who were receiving β-blockers during fol-
low-up than those who were not taking these agents (relative risk 0.403 vs. 0.696, P �
.037 for lack of homogeneity). This effect was also more pronounced in patients who did
not receive diuretics compared with those who received diuretics during follow-up (rela-
tive risk 0.489 vs. 0.721, P � .038 for lack of homogeneity). These findings may reflect
a lesser degree of illness severity in patients receiving β-blockers not receiving diuretics.

The relationship of the blood pressure during treatment (i.e., at 6 weeks after base-
line) to events in the total cohort showed that patients with low systolic (� 100 mm Hg)
or low diastolic (� 60 mm Hg) blood pressure at 6 weeks were more likely to be hospital-
ized during follow-up, although at each BP stratum, congestive heart failure hospitalization
was less likely in the enalapril group compared with the placebo group. Also, a beneficial
effect or trend of enalapril on morbidity and mortality was observed when the relationship
of events to the change in blood pressure between baseline and at 6 weeks follow-up was
considered.

VI. THE ECONOMIC IMPACT OF THERAPY WITH ENALAPRIL
IN SOLVD PATIENTS WITH HYPERTENSION

In recent years, emphasis has been placed on cost of treating hypertension. In the SOLVD
hypertensive subset, the risk imposed by the coexistence of hypertension and systolic left
ventricular dysfunction justifies the use of ACE inhibitors on both clinical and economic
grounds. This is described briefly in the following cost and benefit considerations (11).
In this analysis, hospital costs were estimated by multiplying the Diagnostic Related Group
weight for each hospitalization type with the average federal reimbursement rate that ex-
cluded adjustments by the Health Care Financing Administration for capital expenditures,
free care, and medical education. Physician fees were estimated using relative value units
(RVU) from the Medicare Fee Schedule and the average Federal reimbursement per RVU.
Deaths occurring outside the hospital were assigned a cost of $1,000, cost of ambulatory
care was set at $436, and the cost of enalapril was based on the Federal supply schedule
price list. A $2.50 per month dispensing fee was added. The cost per year of life saved
and the cost per quality-adjusted year of life saved were estimated using a 5% annual
discount rate for both costs and effects (11).

In the combined analysis of the trial events, therapy with enalapril was associated
with a statistically significant 37% reduction in the number of hospitalizations. For all
types of hospitalizations, there were 32 fewer hospitalizations per 100 patients receiving
enalapril (95% CI: 11.8 to 52.2, NNT � 3.1 patients). The savings from the reduction in
hospitalization costs ($2,650 per patient for the duration of the study) were higher than
the cost of enalapril and the extra ambulatory care expense because of the lower mortality
with enalapril. As a result, the clinical benefits of treatment with the ACE inhibitor were
associated with cost savings ($1,560 per patient for the duration of the study) rather than
expenses (Table 12). In the treatment trial, patients randomized to enalapril had a cost
reduction of $3,198 per patient (95% Cl, $657 to $5,739). In the prevention trial, the
average cost savings per patient on enalapril were $744 (95% Cl: cost reduction of $2,011
to cost increase of $523 per patient). The cost analysis for patients with asymptomatic
and undiagnosed left ventricular dysfunction (similar to patients in the prevention trial)
may be somewhat less because of the lower frequency of outpatient visits in this group.
Also, the cost of the (left ventricular dysfunction) screen (MUGA, echo, cath, etc.) is not
included in the model.
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Table 12 Mortality and Years of Follow-Up by NYHA Class During the Period of
Observation in SOLVD Patients with Hypertension at Baseline with 95% Confidence Intervals
for the Difference

Enalapril Placebo Difference E–P 95% Cl

Combined analysis*
Deaths during trial (%) 21.5 26.1 �4.6 (�8.3, �0.9)
Years of follow-up†
NYHA class I 1.32 1.12 0.21
NYHA class II 1.27 1.30 �0.03
NYHA class III 0.26 0.33 �0.07
NYHA class IV 0.02 0.02 0.00
Total years 2.87 2.76 0.11 (0.00, 0.20)
Quality adjusted yrs. 1.87 1.78 0.09 (0.02, 0.16)
Treatment trial (n � 376) (n � 336)
Deaths during trial (%) 31.6 39.3 �7.6 (�14.7, �0.6)
Years of follow-up†
NYHA class I 0.49 0.33 0.16
NYHA class II 1.72 1.64 0.08
NYHA class III 0.59 0.66 �0.07
NYHA class IV 0.04 0.04 0.00
Total years 2.84 2.68 0.17 (0.00, 0.34)
Quality adjusted yrs. 1.74 1.62 .13 (0.02, 0.23)
Prevention trial (n � 584) (n � 621)
Deaths during trial (%) 15.6 18.4 �2.8 (�7.0, 1.5)
Years of follow-up*
NYHA class I 1.82 1.59 0.23
NYHA class II 1.00 1.09 �0.09
NYHA class III 0.06 0.13 �0.07
NYHA class IV 0.01 0.00 0.00
Total years 2.88 2.81 0.07 (�0.07, 0.21)
Quality adjusted yrs. 1.94 1.87 0.07 (�0.02, 0.160)

*Due to different numbers of patients between treatment groups within the two trials, combined results were
based on a weighted average of the treatment (37.1%) and prevention (62.9%) trial results.
†Statistically significant trend toward better NYHA classes with enalapril (P � .01).
Abbreviations: SOLVD, Studies of Left Ventricular Dysfunction; CI, confidence interval; NYHA, New York
Heart Association.
(From Ref. 11.)

A. Lifetime Projection

For lifetime projections, a state transition model was used to estimate survival in each of
the four NYHA classes and to assess quality-adjusted survival. Quality-adjusted survival
was estimated based on the predicted survival time in each NYHA class weighted by the
set of quality adjustment factors. Patients receiving enalapril were projected to live an
average of 2.14 years longer than those randomized to receive placebo (95% CI: 0.05 to
4.21 years). In addition, this gain in life expectancy occurred mainly while patients were
in a better health state (NYHA classes I and II). Unlike the period of observation during
the trial, the beneficial impact of enalapril on survival was projected to be greater in the
prevention trial (2.72 years) than in the treatment trial (1.15 years). As seen in the trial
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analysis for the combined group, patients receiving enalapril were projected to save an
average of $1,456 during their lifetime (95% Cl; cost increase of $9,243 to cost reduction
of $12,527 per patient). These savings accrued from patients enrolled in the treatment
trial ($7,884 reduction per patient; 95% Cl: cost reduction of $16,180 to cost increase
$622). In the prevention trial, patients receiving enalapril were projected to experience a
net cost of $2,342 compared with placebo (95% Cl: cost reduction of $14,429 to cost
increase of $18,397) corresponding to a cost per life year saved of $1,816 ($2,342/1.29).

The exact mechanism of the beneficial effect of ACE inhibitors in improving the
clinical outcomes of patients with left systolic left ventricular dysfunction is not known.
Converting enzyme inhibition results in a multitude of effects related to decreased produc-
tion of angiotensin-II as well as increased bradykinin and prostaglandin effects. Lowering
blood pressure may contribute to the benefit and this effect may be more pronounced in
hypertensive patients.

VII. STRENGTHS AND WEAKNESSES OF THE ANALYSIS
OF THE HYPERTENSIVE SUBSET OF SOLVD

This analysis suggests that the beneficial effects of enalapril in preventing mortal and
morbid events demonstrated in SOLVD are also present and have similar magnitude in
patients with hypertension and left ventricular dysfunction. Similar observations may
be made in other clinical trials on patients with left ventricular dysfunction using ACE
inhibitors. Although subset analysis in patients with a history of hypertension was
not presented, 43% of the patients who participated in the Survival and Ventricular
Enlargement Trial (SAVE) had a history of hypertension, and in the Acute Infarction
Ramipril Efficacy (AIRE) study, a benefit of ACE inhibition was present in 28% of pa-
tients who had a history of hypertension requiring therapy (12,13). In these trials, as well
in SOLVD, ACE inhibitor therapy was not given for the treatment of hypertension, and
doses were not a adjusted to achieve a predetermined blood pressure level. Also, SOLVD
was not powered to detect differences between the normotensive and hypertensive sub-
groups.

Additional limitations of this study include the fact that it is a retrospective subset
analysis rather than a prespecified analysis, that the assessment of economic outcomes
was done after the end of the study, and that there is no comparison to another antihyper-
tensive agent. Although open label use of ACE inhibitors was allowed in the trial, this
was not incorporated into the economic analysis. In addition, it was assumed that the
underlying processes related to hazards for death and hospitalization present during the
trial (as measured in our survival analysis and equations predicting the hospitalization
rate) would continue unchanged after discontinuation of the trial.

On the other hand, the additional blood pressure drop of approximately 6/4 mm Hg
compared with placebo may have been an important contributor to the overall benefit
of enalapril in SOLVD. In addition, the analysis presented here, combined with findings of
SAVE and AIRE, implies that ACE inhibitors are effective in lowering the chance of
mortal and morbid events in patients with hypertension and systolic left ventricular dys-
function. Because left ventricular dysfunction carries a worse prognosis than that of mild
or moderate hypertension, treatment of the former condition should take priority when
the two conditions coexist. The coexistence of hypertension with left ventricular dysfunc-
tion does not appear to limit the powerfully beneficial effects of ACE inhibitor therapy
on clinical outcome.
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VIII. IMPACT OF SOLVD

The impact of SOLVD, combined with the effect of similar trials with ACE inhibitors
(CONSENSUS, SAVE, AIRE, TRACE), on clinical practice has been enormous. Al-
though not all patients with left ventricular dysfunction who are candidates for ACE inhibi-
tion receive such therapy, the majority receive one of these agents (14,15). It appears
that cardiologists are more likely to prescribe ACE inhibitors and to use a higher (more
appropriate) dose than generalists (14). In addition, ACE inhibition has been incorporated
in the AHCPR guidelines for heart failure (16). The JNC-VI has classified the presence
of heart failure in hypertensive patients as an indication for the use of ACE inhibitors.
This was at least in part based on SOLVD and supported by JNC-VI (17).
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Captopril in Type I Diabetic
Nephropathy

EDMUND J. LEWIS

Rush-Presbyterian-St. Luke’s Medical Center, Chicago, Illinois

Hypothesis. To determine whether the angiotensin II enzyme inhibitor, captopril,
protects renal function in the patient with type I diabetes mellitus and overt nephropathy
by an intrarenal mechanism that is independent of the systemic antihypertensive effect of
this drug.

Primary Objectives.

1. To determine the time to doubling of the baseline serum creatinine to a value
of at least 2 mg/dl

2. To determine the time to the combined endpoints of death, dialysis, or renal
transplantation

Secondary Objectives. To determine the course of renal function as measured by:

1. Serum creatinine
2. Twenty-four hour creatinine clearance
3. Urine protein excretion

Study Design. The Collaborative Study Group trial of captopril in diabetic ne-
phropathy was a randomized, double-blind, placebo-controlled trial of 409 subjects (age
18 to 49 years) with type I diabetes mellitus (Table 1) (1). Patients had to have had onset
of diabetes mellitus before age 30 and a duration of diabetes of at least 7 years. To establish
the diagnosis of diabetic nephropathy, patients were required to have a 24-hour urine
protein excretion of 500 mg/day or higher and the presence of diabetic retinopathy. If
patients did not have diabetic retinopathy, they were required to have proteinuria of 500
mg/day or higher and a renal biopsy diagnosis of diabetic nephropathy. The upper limit

451
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Table 1 Captopril in Diabetic Nephropathy: Methods

Study design: Randomized, double-blind, placebo-controlled
Study population: 409 patients with IDDM with onset before age 30 and � 7 years’ duration
Study entry: 24-hour urinary protein excretion � 500 mg/24 h, creatinine � 2.5 mg/dl,

and diabetic retinopathy or biopsy-proven nephropathy
Medication: Captopril 25 mg tid or matching placebo

�
Conventional antihypertensive therapy as needed for blood pressure control
(�140/90 mm Hg)

Patient follow-up: 1.8 to 4.8 years; median, 3 years

Abbreviation: IDDM, insulin-dependent diabetes mellitus.
Source: Ref. 1.

of baseline serum creatinine was 2.5 mg/dl (Table 1). Exclusion criteria included the
assessment that either angiotensin-converting enzyme (ACE) inhibitor therapy or calcium
channel blocker therapy was required for the patient’s management. Calcium channel
blocker use was prohibited during the trial (Table 2). Eligible patients were randomized
to receive captopril, 25 mg three times a day, or matching placebo. In addition, antihyper-
tensive medications other than ACE inhibitors or calcium channel blockers were required
therapy in a stepped-care approach to both treatment groups using diuretics, beta-blockers,
central alpha-adrenergic blockers, and peripheral vasodilators to control the blood pressure
to 140 mm Hg or lower systolic and 90 mm Hg or lower diastolic pressure (Table 3).
The patient who was above these blood pressure goals at any visit during the course of

Table 2 Captopril in Diabetic Nephropathy: Key Exclusion Criteria

Clinical requirement for ACE inhibitors or calcium channel blockers
Contraindications to captopril

Serum potassium � 6.0 mEq/L
WBC � 2500/µL
Bilateral renal artery stenosis
Hypersensitivity reactions to captopril
Pregnancy or lactation

Abbreviation: ACE, angiotensin-converting enzyme.
Source: Ref. 1.

Table 3 Captopril in Diabetic Nephropathy: Goals of Blood Pressure
Treatment

Seated DBP � 90 mm Hg
Seated SBP

�140 mm Hg
If baseline � 150 mm Hg, decreases at least 10 mm Hg
Maximum SBP of 160 mm Hg

Patients had to achieve blood pressure goal to continue study medication

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
Source: Ref. 1.
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the study had to add other blood pressure medication to bring the values below these
goals. The blood pressure of record was the seated office measurement. Patients were
followed up for a minimum of 1.8 years.

Sample Size Determination. For purposes of sample size determination, we as-
sumed that the proteinuric diabetics would be recruited at a uniform rate over a 2-year
interval and that half the patients would receive captopril and half placebo. All patients
would be followed up for an additional 2 years after the close of recruitment. Therefore,
the average follow-up of these patients would be 3 years with a range of follow-up of 2
to 4 years. The outcome used for sample size determination would be the time to a 50%
loss in glomerular filtration rate (GFR) from baseline as measured by doubling of baseline
serum creatinine. This outcome was chosen because it was considered clinically relevant
and it would be of sufficient sensitivity to detect a therapeutic effect. For sample size
evaluation, some distributional assumptions were made. It was assumed that the time to
a 50% loss in initial GFR would follow an exponential distribution with hazard rate λ.
Therefore, the expected treatment-specific cumulative incidence of a 50% loss in initial
GFR at time t would be CI(t) � 1 � e�λt (2).

Little published data were available that described the cumulative proportion of
proteinuric type I diabetic patients whose GFR would decline by 50% or more as a function
of time. The investigators in this study, based on their clinical experience, had indicated
that it was reasonable to expect that 50% of such patients would show at least a 50% loss
in initial GFR within 2 years of follow-up. This assumption is also supported by data
from Viberti, who showed that proteinuric diabetics with a median initial GFR of 60 ml/
minute/1.73 m2 had an average decline of 29.8 ml/minute/24 months (3). This constituted
an average reduction in GFR of 50% in 2 years, which corresponded to an exponential
hazard rate of λ � 0.35.

Sample size determination in a clinical trial requires the specification of a difference
between the treatment groups considered to be of clinical interest. The clinical investiga-
tors in this study consider a one third or more reduction in the hazard rate for proteinuric
diabetics treated with placebo (λc � 0.35) to be of clinical interest (i.e., λe � 0.23 for
those treated with captopril). If the time to a 50% loss in initial GFR among captopril-
treated proteinuric diabetics followed an exponential distribution with a hazard rate of
λe � 0.23 or less, then the study sample size should have sufficient statistical power to
detect this treatment difference (λc � λe) � (0.35 � 0.23) � (1/3) (0.35) � 0.12 (2).

The method of sample size determination for a test of a difference between treat-
ment-specific exponential distributions for the case of a limited recruitment period and
administrative censoring was based on the asymptotic normality of the maximum likeli-
hood estimator of λ as described by Lachin (4). This method had been shown to approxi-
mate the power function of the distribution free log-rank test for the difference between
two survival distributions. The total sample size required to assure 90% power (1-β) of
detecting a difference in hazard rates of λc � λe � 0.12 or more was calculated to be
n � 351. The total sample size of n � 351 was based on a level of significance of 5%
(α, one-tailed) with equal-sized treatment groups (4).

The total sample size of 351 was based on the assumption of no losses to follow-
up. The sample size was extended to allow for losses to follow-up (1). In this study, it
was believed unlikely that the losses to follow-up in both groups combined would exceed
15%. Therefore, an adjusted total sample size of nL � 400 in the presence of 15% losses
to follow-up was approximately equivalent to an effective sample size of n � 350 with
no losses to follow-up. It was decided that the total sample size objective would be 400
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Table 4 Captopril in Diabetic Nephropathy: Selected Baseline
Characteristics*

Placebo Captopril
Characteristic (n � 202) (n � 207)

Age (yr) 34 � 8 35 � 7
Male (%) 54 52
Race: white (%) 87 91

black (%) 10 5
Duration of diabetes (yr) 22 � 7 22 � 7
Hypertensive (%) 76 75
Seated MAP (mm Hg) 104 � 13 102 � 12
Serum creatinine (mg/dl) 1.3 � 0.4 1.3 � 0.5
24-hour urinary protein excretion (g/day) 3 � 2.6 2.5 � 2.5†
24-hour creatinine clearance (ml/min) 79 � 35 84 � 46

*Plus-minus values are mean � standard deviation.
†Statistically significant.
Abbreviation: MAP, mean arterial pressure.
Source: Ref. 1.

patients recruited at the rate of 200 per year over 2 years. Each patient would be followed
up for at least 2 years resulting in an average follow-up of 3 years.

The actual power of the study to detect a difference in the treatment-specific hazard
rates was based on a sample size of losses that a total sample size of 400 patients, in the
presence of 15% losses to follow-up, afforded a high probability (power � 85%) of de-
tecting a one third or more reduction in the hazard rate for captopril-treated patients.

The study was conducted in 30 centers in the United States and Canada. Patient
enrollment started in December 1987 and ended in September 1990. Patient follow-up
was completed in September 1992.

Baseline characteristics were similar for patients randomized to captopril or placebo
(Table 4) (1). The only significant difference was that patients assigned to placebo had a
slightly higher 24-hour urine protein excretion than those assigned to captopril. The mean
age for both groups was approximately 34 years, and a little over half the patients were
male. Almost 90% of the patients were white. The patients had diabetes for an average
of 22 years. Approximately 75% of the patients were hypertensive at the start of the study.
The seated mean arterial pressure for all patients entered into the study was 102 to 104
mm Hg.

I. RESULTS

Doubling of Serum Creatinine. During the trial, 68 patients doubled their baseline
serum creatinine, 25 (12%) in the captopril group and 43 (21%) in the placebo group
(Fig. 1). Captopril significantly reduced the risk of doubling of serum creatinine by 51.1%
(P � 0.004) compared with placebo. Using iothalamate clearances, the doubling of serum
creatinine event was documented as an event indicating halving of the baseline GFR. In
fact, the median decrease in iothalamate clearance at the time of a doubling of serum
creatinine was �60%.
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Fig. 1 Doubling of serum creatinine. (Data from Ref. 1.)

End-Stage Renal Disease or Death. At the end of the trial, 65 patients developed
end-stage renal disease or died: 23 (11%) in the captopril group and 42 (21%) in the
placebo group. Captopril significantly reduced the risk of death, dialysis, or renal trans-
plantation by 50.5% (P � 0.006) compared with the placebo group (Fig. 2).

Blood Pressure Control During the Study. The magnitude of blood pressure
lowering in the captopril and placebo groups was comparable throughout the study
(Fig. 3). The median seated systolic blood pressure ranged from 128 to 134 mm Hg for
the captopril group and from 129 to 136 mm Hg for the placebo group. At most quarterly
follow-up intervals, the difference was no more than 2 mm Hg. The median seated diastolic
pressure ranged from 77 to 82 mm Hg for the captopril group and from 80 to 84 mm Hg
for the placebo group. At most quarterly follow-up visits, the difference was less than 4
mm Hg.

The mean � (SD) arterial pressure, averaged over all follow-up visits, was 96 �
8 mm Hg in the captopril group and 100 � 8 mm Hg in the placebo group. Decrease in
baseline mean arterial pressure in the 155 patients in the captopril group who had pre-

Fig. 2 End-stage renal disease (ESRD) or death. (Data from Ref. 1.)
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Fig. 3 Median seated systolic and diastolic blood pressures. *P � 0.05, captopril vs placebo.
(Data from Ref. 1.)

existing hypertension averaged 7 � 11 mm Hg and it averaged 5 � 11 mm Hg in the
153 patients with pre-existing hypertension in the placebo group. This difference in blood
pressure control was not significant (P � 0.16). Among patients who were not hyperten-
sive before entry into the trial (52 in the captopril group and 49 in the placebo group),
the difference in the control of mean arterial pressure was more pronounced, averaging
5 mm Hg through the follow-up period (P � 0.001). Thus, the overall difference in blood
pressure control between the two groups is explained by the antihypertensive effect of
captopril as compared with placebo in patients defined as nonhypertensive. In fact, rela-
tively few patients in this latter category reached study endpoints (Table 5). The significant
results of the study were, in fact, determined by the results in those patients defined as
hypertensive at the beginning of the study (Table 5). Blood pressure control was similar
in the captopril and placebo groups for these hypertensive patients. Thus, when the effect
of mean arterial blood pressure on doubling of serum creatinine, end-stage renal disease,
or mortality were evaluated using a time-dependent analysis, the estimated risk reduction
of doubling of serum creatinine associated with captopril therapy was not significantly
altered by adjusting for mean arterial pressure (7) (Table 5). Similarly, the reduction of
end-stage renal disease or mortality in the captopril group was not significantly changed.
The beneficial effects of captopril could not be explained by the small differences in blood
pressure control between the groups (Fig. 4).

Table 5 Effect of Baseline Blood Pressure on Time to
Doubling of Baseline Serum Creatinine

Number of Patients

Baseline Captopril Placebo % Reduction
blood pressure (n � 207) (n � 202) in risk

Hypertensive 22/155 36/153 47.7*
Normotensive 3/52 7/49 58.2

*Statistically significant.
Source: Ref. 1.
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Fig. 4 Relationship between blood pressure and doubling of serum creatinine.

II. THE IMPACT OF BLOOD PRESSURE CONTROL ON OUTCOME

During the course of the study, many patients tended to have an increase in blood pressure
above goal during the 3-month intervals between study visits. The patients were then
required to receive more intensive antihypertensive therapy to be brought back to goal.
In fact, only four patients had to leave the study because of an inability to reach blood
pressure goal: one in the captopril group and three in the placebo group. Examination of
the relationship between the highest blood pressure recorded during the study and the
likelihood of doubling of serum creatinine was carried out using a gamma-Poisson analysis
(Fig. 4). This analysis revealed that patients in the captopril group who experienced a rise
of blood pressure during the study were nevertheless protected when compared with pa-
tients with a similar increase in blood pressure in the placebo group. At a mean arterial
pressure of 120 mm Hg, patients in the placebo group were three times as likely to reach
the doubling of serum creatinine endpoint compared with those in the captopril group.
According to this analysis, patients whose blood pressure was well controlled below 95
mm Hg throughout the study had similar doubling of serum creatinine rates in both groups.
This finding is most likely explained by the limited follow-up among these normotensive
patients whose diabetic nephropathy was progressing slowly. A much longer follow-up
period would have been required to demonstrate renal protection using doubling of serum
creatinine as the endpoint criterion for these latter patients. Renal protection in this group
using stabilization or diminution of proteinuria as the criterion for renal protection has
been described in other studies (see below).

III. THE EFFECT OF BASELINE SERUM CREATININE ON RISK
REDUCTION OF END-STAGE RENAL DISEASE OR MORTALITY

The effect of the initial serum creatinine on the risk reduction of the endpoints of doubling
of serum creatinine, end-stage renal disease, or mortality was assessed over a wide range
of baseline serum creatinine values. At a baseline serum creatinine of 2.25 mg/dl, the risk
reduction for either doubling of serum creatinine or end-stage renal disease or mortality
was diminished by 75% (Fig. 5). At lower serum creatinine levels, the risk reduction were
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Fig. 5 Time to doubling of serum creatinine percent reduction in risk with captopril as a function
of baseline serum creatinine.

proportionately lower. This did not indicate variation in the degree of renal protection
relative to the degree of renal failure at baseline. Rather, it was an indicator of the fact
that patients with higher baseline serum creatinine levels, and therefore lower baseline
GFRs, had to lose fewer ml/min of GFR to reach the endpoints of either doubling of
serum creatinine or end-stage renal disease. Obviously, a patient entering the study with
a serum creatinine of 2.25 and a GFR of 40 ml/min would have to lose only 20 ml/min
of GFR to double serum creatinine. On the other hand, a patient entering the study with
a serum creatinine of 1.25 mg/dl and a GFR of 100 ml/min would have to lose 50 ml/
min of GFR during the same 3-year period to double serum creatinine.

IV. THE EFFECT OF PRE-EXISTING HYPERTENSION ON TIME
TO DOUBLING OF BASELINE SERUM CREATININE

The effect of pre-existing hypertension on doubling of baseline serum creatinine was as-
sessed (Table 6). Captopril was associated with a 47.7% reduction in the risk of doubling

Table 6 Risk Reduction with Captopril: Adjustment
for MAP During the Trial

ESRD or
Doubling of all-cause

serum creatinine mortality

Unadjusted
Risk reduction 51.1% 50.5%
P value .004 .006

Adjusted for MAP
Risk reduction 43.3% 45.9%
P value .025 .019

Abbreviations: MAP; mean arterial pressure; ESRD, end-stage
renal disease.
Source: Ref. 1.
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Table 7 Overall Percentage Use of
Concomitant Antihypertensive Medications*

Captopril Placebo
(n � 207) (n � 202)

Baseline 60% 58%
1 Year 58% 70%
2 Years 67% 77%
3 Years 67% 84%
4 Years 70% 92%

*Percentage of patients remaining in study at each
time point.
Source: Ref. 1.

of serum creatinine in the hypertensive patients and a 58.2% reduction risk in the normo-
tensive patient. Thus, the beneficial effect of captopril was independent of the prior exis-
tence of hypertension. However, it should be noted that there were 58 doubling of serum
creatinine events in those with pre-existing hypertension (22 in the captopril group and
36 in the placebo group), compared with only 10 doubling of serum creatinine events in
those who were defined as not having pre-existing hypertension (three in the captopril
group and seven in the placebo group) (Table 5).

V. CONCOMITANT ANTIHYPERTENSIVE MEDICATIONS (TABLE 7)

At baseline, 58% of the patients in the placebo group and 60% of those in the captopril
group were already receiving antihypertensive medication. Sixty-four percent of the hyper-
tensive patients in the placebo group were receiving diuretic agents at baseline, and this
value ranged from 79% to 93% during the study. By comparison, 62% of the hypertensive
patients in the captopril group were receiving diuretics at baseline, and this value ranged
from 74% to 87% during the study. At no quarterly interval was the difference between
groups statistically significant except at month 24 (P � 0.033). Fifteen percent of the
hypertensive patients in the placebo group were receiving beta-adrenergic antagonists at
baseline and 34% to 46% were receiving them during the study, whereas 11% of the
hypertensive patients in the captopril group were receiving these drugs at baseline and
15% to 53% were receiving them during the study. The difference between the groups
was significant only during the first 12 months of the study. There was no significant
difference in the use of other agents, including labetalol, clonidine, methyldopa, prazosin,
hydralazine, guanabenz, terazosin, and minoxidil. Overall, little difference was found in
the use of antihypertensive agents between the two groups of patients.

VI. THE EFFECT OF PROTEINURIA AT BASELINE ON DOUBLING
OF SERUM CREATININE

As noted above (Table 1), there was a small imbalance in the baseline proteinuria between
the two groups. The effect of this difference on the doubling of serum creatinine, end-
stage renal disease or mortality, using a time-dependent analysis, revealed that the risk
reduction for the primary endpoints was not significantly changed (Table 8).
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Table 8 Risk Reduction with Captopril: Adjustment
for Baseline Urinary Protein Excretion

ESRD or
Doubling of all-cause

serum creatinine mortality

Unadjusted
Risk reduction 51.1% 50.5%
P value .004 .006

Adjusted for proteinuria
Risk reduction 46.8% 49.2%
P value .016 .012

Abbreviation: ESRD, end-stage renal disease.
Source: Ref. 1.

VII. RATE OF INCREASE IN SERUM CREATININE

The effect of treatment on renal function, using serum creatinine as a measure, revealed
a mean rate of increase in serum creatinine with an average follow-up period of 2.7 years
per patient of 0.25 � 0.76 (SD) mg/dl per year for the captopril-treated patients and
0.47 � 0.85 mg/dl per year for placebo-treated patients (P � 0.004). This represents a
53% decrease in the rate of increase of serum creatinine in mg/dl/yr among those patients
receiving captopril. With respect to the percent decline in creatinine clearance per year,
patients in the captopril group had a decrease of 11 � 21 ml/min/yr, compared with 17 �
20 ml/min/yr (P � 0.027). This represents a 64% decrease in the decline in creatinine
clearance per year among those patients receiving captopril. Therefore, the renal protective
effects of captopril that have been reflected in the risk reduction of doubling of serum
creatinine or end-stage renal disease or death in this time-to-event analysis study are not
simply reflected among those patients who were losing renal function rapidly enough to
reach the primary endpoints. The renal protective effects of captopril were seen in the
entire patient population under study as reflected by the alteration in rate of change of
renal function using creatinine parameters.

Fig. 6 Percentage change from baseline in urinary protein excretion in patients who did not reach
the stop point—geometric mean change in percent. *P � 0.05, captopril vs placebo. (Data from
Ref. 1.)
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Fig. 7 Total glycosylated hemoglobin—approximately one third higher than HbAIC. (Data from
Ref. 1.)

VIII. PERCENT CHANGE FROM BASELINE AND URINE PROTEIN
EXCRETION

Measurement of the median 24-hour urine protein excretion revealed that urine protein
was decreased in the captopril-treated group by the 3-month visit. The decrease from
baseline in the captopril-treated group was significantly greater than the change from base-
line in the placebo-treated patients at all succeeding time points (Fig. 6).

IX. GLUCOSE CONTROL AND DIET

Total glycosylated hemoglobin levels were equal in the two groups throughout the trial.
Dietary protein intake calculated from urine urea excretion was also equal in the two
groups (Figs. 7 and 8).

Fig. 8 Estimated dietary protein intake. (Data from Ref. 1.)
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Table 9 ‘‘Captopril-Specific’’ Side Effects
Leading to Discontinuation of Study Medication

Captopril Placebo
Event (n � 207) (n � 202)

Hyperkalemia* 6 (2.9%) 0
Dizziness 5 (2.4%) 2 (1.0%)
Hypotension 3 (1.4%) 1 (0.5%)
Orthostatic hypotension 3 (1.4%) 0
Taste disturbance 2 (1.0%) 1 (0.5%)
Neutropenia 1 (0.5%) 2 (1.0%)
Cough 1 (0.5%) 0
Rash 1 (0.5%) 0

*P � .03.
Source: Ref. 1.

X. ADVERSE EVENTS

At the time of the last study visit, 84% (128/153) of the surviving captopril-treated patients
who had not reached primary endpoints were still taking the coded medication compared
with 91% (110/121) patients who were taking coded medication in the placebo group.
Few adverse events were reported in either the placebo- or captopril-treated groups (Ta-
ble 9). There were no significant differences between the groups in adverse effects or
intercurrent illness. As would be expected with an ACE inhibitor, some episodes of hyper-
kalemia occurred. Hyperkalemia, defined as a serum potassium level above 6 mEq/L was
recorded in only six patients (2.9%). This unexpectedly low event rate for hyperkalemia
may be explained by the extensive use of diuretics during the study. None of the 207
patients treated with captopril developed acute renal failure.

XI. DISCUSSION

In conclusion, this study revealed that the long-term administration of the angiotensin
II converting enzyme inhibitor, captopril, to patients with type I diabetes mellitus with
nephropathy: (1) significantly reduced the progression of renal disease; (2) significantly
reduced the need for dialysis or renal transplantation and improved survival; and (3) pro-
vided a renal protective benefit that was independent of the systemic antihypertensive
effects of this drug, as the dramatic differences achieving the endpoints could not be
explained by blood pressure control alone. These results were obtained in the context of
a highly acceptable safety profile during the course of the study. As a result of this study,
the Food and Drug Administration approved this drug as renoprotective in patients with
overt type I diabetic nephropathy, declaring this to be a new specific indication that was
independent of the use of the drug as an antihypertensive agent. Captopril remains the
only drug approved by the Food and Drug Administration as ‘‘renoprotective.’’ However,
this therapeutic effect appears to be applicable to the class of ACE inhibitors as a whole
and not to the specific agent itself. The renoprotective benefit of captopril during this trial
was demonstrated in the primary time-to-event analyses (Figs. 1, 2). The secondary
analyses relative to the effect of the agent on the rate of change of creatinine parameters
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Table 10 Captopril in Diabetic Nephropathy: Sequential Measurements of Renal Function

Captopril Placebo P-value

Mean rate of increase in serum creatinine (mg/dl/year) 0.2 � 0.8 0.5 � 0.8 P � .004
Mean % decline in creatinine clearance/year 11 � 21 17 � 20 P � .03

Source: Ref. 1.

(Table 10), and the gamma-Poisson analysis (Fig. 4) also revealed captopril to be renopro-
tective, even among patients who had episodes of elevated blood pressure during the study.

The rationale for carrying out this study was based on a body of evidence derived
from studies of the pathogenesis of glomerular injury in experimental animals rendered
diabetic (5–7). Angiotensin II converting enzyme inhibition prevented the progressive
glomerular damage that occurs in animals with experimental diabetes mellitus to develop
proteinuria and glomerulosclerosis. In addition, several small clinical studies had been
undertaken, the results of which supported the notion that therapy with an angiotensin II
converting enzyme inhibitor preserved renal function, particularly with respect to a de-
crease in the amount of proteinuria among treated patients (8–11). These previous studies,
all done in smaller cohorts of patients, either examined different endpoints such as de-
creased proteinuria or microalbuminuria and were confounded by significantly lower mean
arterial pressures in the ACE inhibitor-treated groups. Marre et al. (12) reported the benefit
of ACE inhibition in normotensive patients, but their study was limited by a small sample
size and a significant decrease in mean arterial pressure in the group receiving ACE inhibi-
tors. Kasiske et al. (13) demonstrated by meta-analysis that ACE inhibition was more
likely to diminish proteinuria in patients with diabetic nephropathy than were other antihy-
pertensive agents, thus implying a direct renal protection by these agents. However, this
was the first study of a large cohort of patients in which the beneficial effects of captopril
on preserving renal function were shown to be independent of the effect of lowering the
systemic blood pressure. The confirmation that the renoprotective effect of ACE inhibition
was independent of the blood pressure-lowering mechanism was crucial, as it had been
well documented that blood pressure control by itself could slow the rate of loss of renal
function in diabetic nephropathy (14–18).

The path from basic scientific and experimental animal observations to the demon-
stration of a clinical therapeutic effect is rarely a straight line from point A to point B.
More often there are an interrupted series of meandering steps that can involve chance,
unexpected insightful observations, the practical application of established scientific evi-
dence, the heroic development of a novel new hypothesis, and the successful testing of
a hypothesis in animals under rigidly controlled experimental circumstances, all of which
may come together and provide a rationale for further scientific evaluation in a controlled
clinical therapeutic trial. The earliest observations that ultimately led to the development
of ACE inhibitors and their application to human disease began in research laboratories
where investigators pursued studies that they could not have believed would ultimately
have a dramatic impact in the field of diabetic nephropathy. One must first consider the
beginnings of the development of the first ACE inhibitor. This concept originated with
the study of a component of the venom of the Brazilian pit viper, Bothrops jararaca,
which was responsible for the painful and hypotensive sequelae of snake bite (19). The
study of the factor in the snake venom that might cause a lowering of blood pressure
ultimately led to the isolation of teprotide, a substance inhibitory to the kininase II family
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of enzymes, which includes the angiotensin II converting enzyme. Teprotide is a nonapep-
tide. Ondetti and Cushman (20) created three-dimensional models of the enzyme, which
led them to an understanding of the likely complementary three-dimensional structure of
the receptor site that was believed to exist on the angiotensin II converting enzyme. What
followed was a brilliant approach to the development of a small molecule believed to be
capable of reacting with the active site of the enzyme and serving as a competitive inhibitor
to angiotensin II. The substituted proline compound designed by these chemists turned
out to be captopril.

The study of the hemodynamic mechanism that could account for the progressive
nature of glomerular injury suffered by rodents who had experienced no direct glomerular
insult but had been subjected to renal ablation surgery, ultimately led Brenner and his
colleagues (5–7) to apply their understandings of glomerular hemodynamics to the treat-
ment of the glomerular alterations in the experimental diabetic state. These investigators
developed techniques that allowed them to directly measure intraluminal pressure within
the afferent and efferent arterioles of the renal glomerulus, as well as the glomerular capil-
lary loops. As a result of these studies, it was noted that the diabetic state is associated
with an increase in the intraluminal pressure of glomerular capillaries, which could be
accounted for on the basis of an increase in the tone of the efferent artery draining the
renal glomerulus, thus causing increased resistance to the drainage of blood from this
capillary structure (Fig. 9). The increased efferent arterial tone appeared to be under the
control of the renin-angiotensin system and blockade of the constrictive effects of angio-
tensin II relieved the efferent arteriolar vasoconstriction of the diabetic state and dimin-
ished glomerular capillary pressure. The hypothesis was generated that glomerular injury
in the diabetic state could be explained by barotrauma caused by increased intracapillary
pressure. The use of angiotensin II converting enzyme inhibition was shown to diminish
glomerular capillary pressures and glomerular capillary injury in the experimental diabetic
state in the rat. These seminal experiments and the application of this physiological infor-
mation to the understanding of the potential treatment of diabetic nephropathy provided
a remarkable model for the understanding of the nature of glomerular injury in type I
diabetes mellitus and served as the rationale for the clinical trial. Of course, there was no
certainty that the results obtained in diabetic rats would be duplicated in patients with

Fig. 9 Intrarenal effects of angiotensin-converting enzyme inhibitors—rat model of diabetes.
(From Ref. 7.)
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diabetic nephropathy. In a similar situation, an equally strong rationale for the use of low-
protein diets in patients with chronic renal disease was based on strong evidence that low-
protein diets had a beneficial effect on the abnormal hemodynamics that developed in
animals with progressive renal disease (21). Small clinical trials indicated a beneficial
impact of a low-protein diet in some patients (22–24). Unfortunately, the proposed bene-
ficial effects were not confirmed in a large clinical trial (25). The latter experience under-
scores the importance of valid clinical trials, even in situations where a well-reasoned
hypothesis and strong experimental animal results are convincing.

Results of this trial support the proposal that angiotensin II converting enzyme inhi-
bition can beneficially influence the altered glomerular hemodynamics in patients with
diabetes, thus achieving renal protection. Although the removal of the tonic constrictor
effect of angiotensin II on efferent arterioles, hence lowering glomerular intracapillary
pressure, would explain the reason why the administration of captopril dramatically pre-
serves renal function, there are other possible explanations for the beneficial intrarenal
actions of this agent. It is conceivable that ACE inhibitors may interfere with trophic
properties of angiotensin II that promote cellular and glomerular hypertrophy or diminish
the accumulation of mesangial matrix (26). Angiotensin II is capable of stimulating release
of the cytokine transforming growth factor (TGF)-beta that can stimulate the production
of connective tissue elements (27–31). Angiotensin-converting enzyme inhibition might
therefore interfere with this scarring process. In addition, ACE inhibitors are known to
decrease urine protein excretion in patients with diabetes and other glomerulopathies, as
has been demonstrated in this and other studies (1, 32). This decrease in proteinuria may
itself be associated with a decrease in the rate of progression of kidney damage. The transit
of large amounts of filtered protein may be toxic to both glomerular and tubulointerstitial
structures (32–34). Thus the possibility cannot be ruled out that amelioration of proteinuria
might be pathogenetically relevant in the captopril-treated patients in our study.

It is well recognized that many advances in clinical management of chronic diseases
actually result in an increased cost to the health care system. This is because the amount
of money spent for health care in most long-term situations is directly proportional to the
lifespan of the patient. The effect of captopril therapy in patients with diabetic nephropathy
is an unusual example of a therapeutic success leading to a projected decrease in the
overall expenditure of health care dollars for this patient population (35). The reason for
this optimistic cost-effective projection resides in the fact that patients with overt diabetic
nephropathy who receive captopril and have careful blood pressure control have a signifi-
cant extension of life without the requirement of dialysis or transplantation when compared
with patients who have blood pressure control alone. This therapy therefore significantly
defers the substantial health care costs of the end-stage renal disease program, which
currently costs about $50,000 per year for each patient requiring dialysis. In addition,
many patients can have their life expectancy extended to the point where mortality, usually
from cardiovascular causes, occurs before there is ever a need for renal replacement ther-
apy. Hence, in those patients, the cost of dialysis and transplantation is avoided entirely.
In more recent studies, we have demonstrated that careful blood pressure control to a
mean arterial pressure of 100 mm Hg or less using ACE inhibition may be associated
with stabilization and even regression of nephropathy in the type I diabetic patient (36).
A formal economic analysis performed by the Arthur D. Little Corporation revealed that
the captopril study had the potential of an aggregate health care cost savings of
$475,000,000 per year within 10 years of the publication of the study and a cumulative
health care savings cost of $2.4 billion over this 10-year period. Even if these predictions
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are optimistic, there is little doubt that captopril can prolong life and save money in patients
with type I diabetic nephropathy because of its remarkable positive therapeutic effects
and because the alternative outcome of end-stage renal disease is so expensive. Although
one may quibble about the total amount of money that will be saved in a finite period, it
is clear that the savings gained by avoiding even 1 year of dialysis in a single patient will
buy more than a lifetime supply of captopril.

To summarize, the remarkable risk reductions with respect to renal endpoints exhib-
ited during the course of this study and attributable to captopril changed the standard of
care for patients with type I diabetic nephropathy. The purpose of the study was to deter-
mine whether captopril was renoprotective, which required equal blood pressure control
in the captopril and placebo groups. We were able to conclude that renoprotection was
indeed an independent effect of therapy with this agent.

A few comments might be in order with respect to the way things might have been
done, knowing what we know now. Clearly, the claim of renoprotection required equal
control of the blood pressure in both groups. A difference in blood pressure control could
always raise the question of whether the known beneficial effects of blood pressure low-
ering in diabetic nephropathy could explain the results. Although the actual difference in
mean arterial pressure between the two groups was small throughout the trial, the inclusion
of patients who were normotensive at the beginning of the trial confused some observers.
As expected, captopril lowered the blood pressure in these normotensive patients, whereas
placebo did not. In retrospect, if patients with type I diabetic nephropathy who were nor-
motensive had been excluded from the trial, no significant difference would have occurred
in systemic arterial pressure between the two groups and some confusion could have been
avoided. Further, if the entry criteria for the study had required some elevation of the
baseline serum creatinine, those with a relatively high entry GFR would have been ex-
cluded. As these patients were unlikely to halve their GFR during the 3-year mean follow-
up of the trial, they could not contribute to the results in a time-to-event analysis. That
having been said, it must be noted that these comments are made in retrospect; each
limitation in the entry criteria for a clinical trial narrows the window for attainment of
the required sample size. An ideal clinical protocol may end up being too restrictive to
allow the successful recruitment of the required sample size and the proper conduct of a
clinical trial. Fortunately, the time-to-event analysis used in this study and the dramatic
effect of the therapeutic agent negated any possible weakness that might have been ac-
counted for by the inclusion of patients who had less severe renal disease.

A final point should be made regarding the primary event chosen for our analysis.
As previously noted, at the time of the design of this study, very little information in the
literature addressed the rate of loss of renal function to be expected in a large population
of patients with type I diabetic nephropathy. It was decided that during the course of an
average follow-up of 3 years that halving of the initial GFR would be a significant event.
Within the range of serum creatinine that was anticipated in the entry criteria for the study,
it was reasoned that a halving of the GFR would cause a doubling of the baseline serum
creatinine. The use of the serum creatinine as an endpoint in the study, rather than the
determination of serial GFR determinations significantly decreased the cost of the study,
always a consideration in clinical trials. In addition, the ease of obtaining a blood sample
for creatinine allowed us to collect more observational points during the course of the study
than would the cumbersome clearance technique. The reasoning regarding the accuracy of
doubling of serum creatinine as an endpoint was supported by the finding that both creati-
nine clearance and iothalamate clearance decreased by approximately 60% at the time the
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event was recorded. The median time from the recording of a doubling of serum creatinine
to end-stage renal disease, defined as the initiation of dialysis therapy or the attainment
of a serum creatinine of 6 mg/dl or more was 9.3 months. This short interval between
doubling of serum creatinine and end-stage renal disease accounts for the similar results
in the two time-to-event analyses used in this study. In many respects, our introduction
of the use of ‘‘doubling of the serum creatinine’’ as an endpoint has become a current
standard for large clinical trials in the field of nephrology. It is an example of how a
simple and inexpensive, although accurate and reproducible, method can become preferred
technology in this complex world.
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I. INTRODUCTION

The development of ACE inhibitor therapy for use in the post-myocardial infarction (MI)
setting ranks among the primary contributions to cardiovascular medicine in the 1990s.
This treatment for post-myocardial ventricular enlargement developed from both the early
observations of the natural history of postinfarction clinical outcomes and the painstaking
evaluation of treatment to ameliorate left ventricular (LV) dysfunction.

Before the theoretical benefit of angiotensin-converting enzyme (ACE) therapy in
the postinfarction setting could become reality, the demands of a skeptical medical com-
munity had to be satisfied. The standards by which new medical interventions are judged
have consistently risen. By the 1980s, cardiologists and regulatory agencies required a
demonstration of safety and efficacy through disciplined research methods strong enough
to satisfy epidemiological causality tenets while broad enough to include major demo-
graphic subgroups and important comorbidity subsets. The mechanism of ACE inhibitor
action had to be clear, and the therapy benefits had to be consistent within a spectrum of
endpoints tightly linked to the natural history of left ventricular dysfunction. The only
research methodology available to satisfactorily address these issues was a prospectively
designed, double-blind, placebo-controlled clinical trial.

However, the design and execution of such a study promised to be complicated and
difficult. Well-defined exclusion criteria designed to provide the clearest view of therapy
benefit could potentially obstruct successful patient identification for the trial. In addition,
the availability of new medications to extend survival in the postinfarction setting would
continue to exert downward pressure on clinical event rates, jeopardizing any ability to
detect meaningful event rate differences attributable to ACE inhibitor therapy.
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The Survival and Ventricular Enlargement (SAVE) trial was the original study de-
signed to address the impact of ACE inhibitor therapy on survival in patients with LV
dysfunction post-MI. Echocardiographic data were prospectively incorporated into the
study to further test whether the mechanism by which captopril produced improved sur-
vival was through an attenuation of LV remodeling.

II. BACKGROUND AND PATHOPHYSIOLOGY OF HEART FAILURE

The survivors of MI are at increased risk for subsequent cardiovascular events, heart fail-
ure, recurrent MI, and death. This risk is a complex function of the severity of myocardial
dysfunction, the severity of underlying coronary artery disease, the arrhythmia profile, the
presence of concomitant disease, and age. The degree of LV dysfunction is often assessed
by global ejection fraction, which is perhaps the most important determinant of risk factor
stratifications. All of these factors interact as determinants of clinical outcomes following
MI (1–3).

Postinfarction LV enlargement has been the subject of study for 2 decades. The
process of ventricular enlargement can be detected in the early phases after MI (by the
echocardiogram) as infarct expansion, a process characterized by elongation and thinning
of the infarct-containing ventricular segment (4,5). Patients manifesting this process are
at a greater risk for the development of aneurysms, heart failure, and fatal events. However,
patients demonstrating early infarct expansion are also at risk for progressive and global
ventricular enlargement (6,7). Early animal and preliminary clinical studies demonstrated
that the ventricular dilation that occurs after MI was related to the extent of myocardial
damage (8), and that this enlargement, once present, would continue the destructive cycle
of progressive dilation, leading to further increases in systolic and diastolic wall stress,
which in turn provides an environment for LV enlargement and dysfunction (9).

This pathophysiological construct provided the basis for the initial animal studies
in which the ACE inhibitor, captopril, was administered to rats after experimental infarc-
tions. This research program demonstrated the attenuation of this progressive increase in
ventricular chamber size. When continued for up to 1 year, ACE inhibition both dimin-
ished the tendency to LV enlargement and prolonged the survival of animals with experi-
mental infarction (10). It was shown that this reduction in LV volume enlargement was a
consequence of both reduced filling pressure (distension) and actual structural remodeling.
These initial studies confirmed that, for comparable degrees of histologically determined
infarct size, this chronic administration of an ACE inhibitor was associated with smaller
ventricular volumes and improved survival in the animal model.

Applicability of these animal studies to patients was supported by small mechanistic
experiments specifically designed to determine if ACE inhibitor therapy in patients would
favorably alter the process of ventricular enlargement following MI (11,12). However,
because the specific endpoint of each of these trials was ventricular size, these trials were
not designed with sufficient statistical power to identify this potential effect on clinical
events. Given the importance of ventricular enlargement and function on overall prognosis
after MI, a hypothesis that ACE inhibition therapy would be effective in improving sur-
vival, reducing LV dysfunction, and reducing cardiovascular morbidity in myocardial in-
farct survivors with LV dysfunction was constructed.
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III. DESIGN OF SAVE

The SAVE trial was designed to (a) determine whether the use of an ACE inhibitor could
favorably alter clinical outcomes in patients with LV dysfunction, and to (b) establish the
mechanistic support for the concept of using an ACE inhibitor to prevent further deteriora-
tion in ventricular performance.

A. The Role of Randomization in Clinical Trials,
and Its Implementation in SAVE

Randomization is the hallmark of modern experiments. An adaptation that appeared in
the 20th century, it has had a major impact on the development of clinical research pro-
grams. When nonexperimentalists speak of random events, they often mean events that
occur in chaos, without order, or predictability. On the contrary, random mechanisms in
clinical experiments are carefully considered and methodically implemented. Generally,
in clinical trials, there are two levels of randomization. The first is the random selection of
subjects from the population, and the second is the random allocation of the experimental
intervention. Each of these two levels of randomization has a different goal and follows
a different procedure. In general, clinical experiments must incorporate both levels of
randomization.

1. Random Selection of the Population at Large

In SAVE, the ability to generalize conclusions from those patients chosen in the sample
to the larger population of patients with LV dysfunction was critical. The methodologic
mechanism on which this generalization rests is the random selection of subjects from
the population at large. This procedure requires that every subject in the population have
the same constant probability of being included in the experimental sample. The strength
of this simple random sampling approach is that, because the sample is representative of
the population at large, findings in the sample can be generalized to the population at
large. The SAVE investigators worked to randomize patients from major medical centers
in the United States and Canada. The SAVE trial was conducted in 45 centers, reflecting
the inclusion of patients from 114 hospitals across the United States and Canada. The
trial randomized men and women, ages 21 to 79, who recently sustained an MI with
resultant LV ejection fractions less than or equal to 40%. Inclusion and exclusion criteria
are as listed in Table 1, chosen to obtain a sample of patients accurately reflecting the post-
MI population with LV dysfunction. However, despite this effort, the random selection of
subjects from the population in large, randomized clinical trials in the United States, such
as SAVE, is not guaranteed. This widespread recruitment effort is an attempt to be as
inclusive as possible, and its result is an approximation of a random selection mechanism.

2. Random Allocation of Therapy

Once the sample of patients from the general population was chosen, the manner of allocat-
ing captopril therapy must be determined. Unlike in an observational program, experimen-
tal programs incorporate the use of an intervention whose implementation is under the
complete control of the investigator. The SAVE trial was designed as a prospective experi-
ment, with the use of captopril strictly controlled by the experimental protocol. The investi-
gators used this control by agreeing that patients would receive captopril according to the
dictates of random therapy allocation.
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Table 1 SAVE Major Inclusion and Exclusion Criteria

Inclusions
Men and women between ages 21 to 79
Confirmed acute myocardial infarction between 3 and 16 days preceding randomization
Radionuclide ejection fraction of 40% or less

Exclusions
Women of childbearing potential unless contraception is used
Patients with contraindication to captopril
Patients with congestive heart failure despite treatment with digitalis and diuretics
Any patient with:

Serum creatinine � 2.5 mg/dl
Malignancy thought to reduce survival or require radiation therapy
Hypertension requiring vasodilator therapy at the time of screening
Severe valvular heart disease likely to require a surgical procedure
Other conditions thought to limit survival
Psychological disorder making the patient unsuitable for a clinical trial
Participation in another investigational drug trial
Clinical ischemia with no corrective procedure prior to this scheduled randomization
Ischemia or hypertension after the test dose of captopril before randomization
Unwilling to consent

Abbreviation: SAVE, Survival and Ventricular Enlargement.

This is the second level of randomization in clinical trials and its use is critical for
the clearest attribution of effect. Accordingly, the decision for each patient’s therapy group
assignment was not based on a characteristic of the patient that would blur the attribution
of effect, but on a random mechanism. If the only difference between patients who receive
the active medication and those who receive control or placebo therapy is the therapy itself,
then differences in the outcome measure can be ascribed to the therapy. Alternatively, the
absence of randomization quickly dilutes the ability of investigators to successfully ascribe
effects seen in the experiment to the intervention itself. In SAVE, patients were random-
ized to placebo therapy or active therapy, which consisted of 50 mg of captopril t.i.d
(Table 2). Both active and placebo therapy were placed on top of the standard regimen
for LV dysfunction, including the use of digitalis, diuretics, and nitrate therapy. The use
of this background therapy provided the optimum environment in which the additional
benefit captopril provided could be assessed.

3. Sample Size Computation

The goal of the SAVE trial was to assess whether treatment with captopril would improve
survival without significant deterioration of LV performance of patients who have recov-
ered from an acute MI (13). The prospectively specified primary study endpoint was total
mortality. However, an experiment designed to determine a 20% reduction in total mortal-
ity from a cumulative placebo mortality rate of 20% with a type I error rate of 0.05 (two-

Table 2 Drug Treatment Protocol

Placebo group—standard therapy for left ventricular dysfunction � placebo
Active group—standard therapy for left ventricular dysfunction � 50 mg captopril t.i.d.
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sided) and a power of 90% would require 3868 patients. Consideration of the likely event
of patients who change their assigned therapy would increase the sample size to more
than 4000 patients, a sample size goal too ambitious to attain. Therefore, although interest
remained in the total mortality outcome, emphasis was placed on a combined measure of
mortality and morbidity. This new endpoint counted death plus survival with a major
reduction in radionuclide ventricular LV ejection fraction (RVG-EF) from baseline of at
least nine absolute percentage points.

The change in RVG-EF was chosen as a component of this endpoint of SAVE
because it was anticipated to occur infrequently but, when present, was deemed to be of
major clinical significance. Before any final RVG-EF examinations were obtained, an
exploratory analysis was undertaken of the baseline RVG-EF studies to determine the
variability of the RVG-EF measurement. The reproducibility of the RVG-EF was obtained
by determining the standard deviation of the 200 baseline RVG-EFs obtained from SAVE
clinical centers. This measurement suggested that a change of nine percentage points in
the RVG-EF observed in the SAVE participants would signify a biological, clinically
relevant decrease in RVG-EF in the population. In addition, observations of repeat RVG-
EF determinations confirmed that patients with ejection fraction deteriorations � 9% were
experiencing an increased risk of death, making this magnitude of deterioration clinically
relevant. Thus, the occurrence of this uncommon RVG-EF event, which was evidence of
significant deterioration in LV function, was likely to be of clinical importance with a
longer duration of patient follow-up. After review of this interim data but before any
RVG-EFs were obtained at the study’s end, the decision was made to set the minimum
change in RVG-EF as a deterioration of � 9 units for the component of the primary
endpoint in a patient surviving to the end of the trial. A goal of 2220 randomized partici-
pants was accepted as the recruitment goal for SAVE. This number was based on the
following assumptions as to the size of the sample:

1. The primary end point is either death from any cause or survival, a � 9 unit
reduction, or both in ejection fraction as determined by RVG-EF.

2. The average follow-up time for patients in the study is 3.5 years.
3. The efficacy, uncorrected for patients who change therapy group, is 25%.
4. The cumulative mortality rate for the SAVE placebo group is 20%.
5. The overall percentage of surviving patients experiencing a reduction (in ejec-

tion fraction) of more than 9 units is 9% in the placebo group.
6. The projected yearly dropout rate for patients who are initially assigned to active

therapy but in whom the active medication is discontinued is 17% the first year,
9% the second year, and 7% the third year.

7. The projected yearly drop-in rate for patients who are initially assigned to pla-
cebo therapy but go on active open-label therapy is 9% for the first year, 7%
for the second year, and 5% for the third year.

8. In a two-tailed test of significance, the maximum type I error is 0.05, and the
power for statistical test on the primary endpoint of SAVE is 90%.

Thus, although paramount interest lay with total mortality as the original endpoint in
SAVE, recruitment considerations required its combination with deterioration in LV ejec-
tion fraction.

Additional endpoints of SAVE were to evaluate (a) the effects of captopril on cardio-
vascular mortality and cause-specific mortality; (b) frequency of decline in LV function
as measured by radionuclide angiography; (c) development of heart failure severe enough
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to clinically require open-label ACE inhibition or a hospitalization for the management
of heart failure (Table 3). Other important cardiovascular events for post-MI patients, such
as risk for recurrent MI and clinical use of coronary revascularization procedures were
evaluated. The SAVE study would also evaluate the possible adverse effects of chronic
captopril therapy.

4. Statistical Analyses

All analyses in SAVE were performed on an intention-to-treat basis (14). The intention-
to-treat component of the analysis is critical as it does not allow reasons for changes in
study drug compliance or drug discontinuation during the course of the study to influence
the measurement of the effect size. All P values were two sided, allowing for the possibility
of unanticipated deleterious effects of the study medication on the primary trial outcome.
The comparability of baseline characteristics in the two treatment groups was ascertained
by chi-square tests for categorical variables and standard normal (z) tests for continuous
variables. Kaplan-Meier estimates for the distributions of time from randomization to the
clinical events of interest were computed. For the comparisons of the captopril and placebo
groups with respect to endpoints, reductions in risk, P values, and confidence intervals
were directly determined from the proportional hazards analyses. A proportional hazards
regression model with time-dependent covariates was used to assess the relative risk of
death for patients who had heart failure requiring either open-label therapy with an ACE
inhibitor or hospitalization. The combined endpoint of death or survival with a major
decline in LV function was assessed though a modification of the Gehan procedure (15)
for those patients who had a follow-up ejection fraction measurement. The small number
of patients who survived the trial but did not have a follow-up ejection fraction were
censored.

5. Echocardiographic Component

An important issue in SAVE was whether there would be an increase in LV size after
infarction, and if this change could be attenuated by the use of captopril. To examine this
issue, 773 patients randomized to SAVE agreed to participate in this substudy requiring
baseline and follow-up echocardiograms. The data obtained in each of these analyses
would be reviewed for quality in the SAVE echocardiogram core laboratory. This quality
control consisted of the echocardiographic images being accepted only if there were at

Table 3 SAVE Endpoints

Primary endpoints
Total mortality
Total mortality and/or �9 unit reduction in left ventricular ejection fraction

Secondary endpoints
Cause-specific mortality
Recurrent myocardial infarction
Severe congestive heart failure requiring open label ACE inhibitor therapy
Severe congestive heart failure requiring hospitalization
Cardiovascular mortality or the occurrence of recurrent myocardial infarction or severe

congestive heart failure

Abbreviation: SAVE, Survival and Ventricular Enlargement; ACE, angiotensin-converting enzyme.
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least three technically quantitative acceptable views. On completion of this quality review,
512 of the 773 patients had baseline studies that were deemed technically acceptable (16).
These patients would receive repeat echocardiograms at 3 months, 1 year, and 2 years
after randomization. Thus, it would be possible to assess the relationship between echocar-
diographic measures of LV enlargement and the incidence of adverse cardiovascular
events and to evaluate whether the effects of captopril therapy on clinical outcome would
be related to changes in echocardiographic measures of LV dysfunction.

6. Operations

The participating units of the trial—45 clinical centers, a clinical coordinating center, a
data coordinating center, an RVG quality control laboratory, an electrocardiograph coding
laboratory, and the sponsor were administratively linked by the study’s principal investiga-
tor to encourage effective communication and to maintain the smooth operation of the
trial. Each of the units was involved in the planning and development phase of the trial
and contributed to the writing of the SAVE protocol and manual of operations. A steering
committee, composed of the SAVE principal investigators of each of the clinical centers,
was the decision-making apparatus for the scientific and technical conduct of the study.
The clinical centers were the units that randomized the participants and those that dispense
study medication. They conducted follow-up visits with the patients and completed the
study forms for transmission to the data coordinating center.

A data and safety monitoring committee was composed of scientists who were ex-
perts in clinical cardiology and biostatistics. This committee would periodically review
and evaluate study progress, which included recruitment data, quality control, adverse
effects of medication, and fatal and nonfatal events. The data and safety monitoring com-
mittee made recommendations, as appropriate, regarding the safe conduct and continuation
of the study, guided by statistical monitoring rules based on stochastic curtailment princi-
ples.

The clinical coordinating center was responsible for protocol modifications, financial
disbursements, and monitoring clinical care decisions regarding adverse events. Each of
the clinical units notified the clinical coordinating center when, based on the patient’s
clinical history and lack of response to nonvasodilator therapy for heart failure, they be-
lieved their patient required open-label captopril therapy. However, the clinical coordinat-
ing center received no information with respect to therapy group assignments. The data
coordinating center was responsible for performing the actual randomization of patients
to SAVE. It received all study forms, monitored the compliance of each of the clinical units
with the protocol, and maintained the integrity of the database. Unblinded information was
presented by the data coordinating center only to the data and safety monitoring committee.
In the rare event that a patient’s clinical center requested that patient be unblinded, the
data coordinating center, after investigating the circumstances, informed the patient’s phy-
sician of the therapy group assignment. Neither the clinical coordinating center, study
physician, nor the patient were given this information.

The sponsor (Bristol Myers-Squibb) was informed of all logistical operations of the
trial and attended the regularly scheduled steering committee meetings. The sponsor had
direct responsibility for the disbursement of study medication and study forms. The spon-
sor received information on the occurrence of serious adverse drug reactions to meet their
mandated reporting responsibilities but did not receive information about the identity of
the patient’s study medication unless there was a specific requirement by the government
regulatory agency (Food and Drug Administration). Because the sponsor did not attend
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the meetings of the data and safety monitoring committee, the sponsor had no knowledge
of either therapy assignment or unblinded results.

During the course of the trial, the clinical and data coordinating centers together
monitored the performance of the clinical centers, with issues of protocol adherence being
jointly adjudicated by frequent telephone contacts. In addition, monthly conference calls
were made between the chairman of the steering committee, the clinical coordinating
center, the data coordinating center, and the sponsor during which operational and logisti-
cal issues of the trial were discussed. Reports were presented by the data coordinating
center and clinical coordinating center to all center investigators and the sponsor during
steering committee meetings held three times a year.

In addition, there was an electrocardiogram core laboratory (responsible for docu-
menting MI occurrence both at baseline and during follow-up), and a RVG core laboratory
(permitting an assessment of RVG quality and confirming the presence of a low ejection
fraction). The ancillary trials and publications committee reviewed all applications for
additional research involving SAVE study participants. A mortality committee using the
endpoint review committee was established using SAVE investigators to standardize the
classification of deaths in SAVE.

IV. THE SAVE EXPERIENCE

A. Screening

The SAVE participants were randomized in equal numbers and in a double-blind manner
to either captopril or placebo. The randomization process was stratified by age (older than
70 years) and ejection fraction (less than 20%), guaranteeing that the small subset of
patients at the highest risk for reduced survival were allocated evenly between therapy
groups. In addition, randomization was also stratified for participating centers. Screening
for SAVE commenced in January 1987 and was completed in January 1990. This process
revolved around the continued surveillance of SAVE clinical center intensive care and
coronary care units, an examination undertaken by 45 clinical centers and their 112 satel-
lite facilities in the United States and Canada. Only patients in the early (3 to 16 days
postinfarction) convalescent period of MI were considered.

A SAVE MI was considered to have occurred if the patient experienced either (a)
acute changes in an electrocardiogram (Q or QS finding plus ST elevation and/or T-wave
inversion plus absence of left bundle branch block or Wolf-Parkinson-White syndrome)
obtained shortly after the infarction with the attendant clinical symptoms and elevation
in myocardial enzymes, or (b) the patient had an elevation of myocardial enzymes that
were twice as high as normal levels and typical symptoms of an MI were present. The
patients were then evaluated for SAVE inclusion and exclusion criteria (Table 4).

The patients who were not excluded then had their RVG-EF measured. Objective
evidence of LV dysfunction was defined as a resting RVG demonstrating an RVG-EF of
less than 40%. The SAVE screening experience is summarized in Table 4. Between 1987
and 1990, 95,856 coronary care unit patients were screened, of which 36,630 (38.2%)
sustained an MI based on the attending physician’s judgment. Of these, 31,010 survived
the initial 72 hours in the hospital and were age eligible. Of these 31,010 patients, 18,935
(61.1%) had ejection fractions greater than 40% (as determined by either clinical assess-
ment, RVG, echocardiographic, or contrast ventriculography), and 575 patients (1.9%)
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Table 4 SAVE Screening Experience, January 27, 1987 to January 31, 1990

95856 Coronary Care Unit Admissions Screened

Patients Excluded Reason

→ 59226 no clinical MI
36630

→ 5620 death or age exclusion
31010 Clinical MI

Survived 72 hours
→ 18935 LVEF � 40%
→ 575 no SAVE MI
→ 2562 �16 days after MI

8938 SAVE exclusions
→ 25 women of childbearing age
→ 64 previous captopril hypersensitivity
→ 10 neutropenia
→ 35 systemic lupus erythematosus
→ 702 serum creatinine � 2.5 mg/dl
→ 625 congestive heart failure requiring vasodilation
→ 104 hypertension requiring vasodilation
→ 911 other illness precludes patients involvement
→ 294 unstable post myocardial infarction course
→ 1750 patient unwilling or unable to cooperate
→ 125 excluded for other reason
→ 218 death during screening

4065 No exclusions
→ 1178 already on ACE inhibitor
→ 367 ischemia not evaluated in 16 days
→ 270 no informed consent
→ 19 adverse reaction to test dose

2231 Randomized to SAVE

Abbreviations: SAVE, Survival and Ventricular Enlargement; MI, myocardial infarction; LVEF, left ventricular
ejection fraction; ACE, angiotensin-converting enzyme.

did not meet the SAVE criteria for MI and were excluded. There were 2562 patients
(8.3%) who could not be randomized during the 16-day window (13).

The exclusion reasons are provided in Table 4. There were 4065 patients who had
a SAVE-eligible MI, did not have any specific exclusion criteria, and had a nuclear ejection
fraction of less than 40%. Some of the prominent reasons for exclusion were 625 patients
had already experienced clinical heart failure and 1178 were already taking an ACE inhibi-
tor. In 367 patients, ischemia was either manifested clinically or by exercise testing, and
an invasive evaluation was not pursued within the 16-day window for randomization. Two
hundred seventy patients did not consent to participate in the trial. All 2250 consenting
patients were required to receive a single test dose of open-label captopril (6.25 mg).
Nineteen patients (0.8%) were excluded because of either orthostatic or ischemic symp-
toms attributed to administration of study medication. This left 2231 patients for random-
ization into the trial.
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Patients were first scheduled for follow-up examinations 2 weeks after randomiza-
tion. Subsequent follow-up visits were every 3 months during the first year and every 4
months thereafter. At each visit, a history and physical examination, including functional
capacity, were obtained. Interim clinical events since the last visit were elicited and re-
corded on study forms. In addition, possible adverse reactions were recorded. The evalua-
tion of compliance to medication would be ascertained by pill counts. If symptomatic
heart failure developed after recruitment, physicians had the option of using open-label
captopril for patients not responding to conventional therapy. When this option was cho-
sen, the clinical coordinating center was notified, confirming that the treating physician
believed the patient required ACE inhibition for heart failure that was refractory to the
conventional therapy of diuretics, digitalis, or both. The recently proven effective therapy
of the combination of hydralazine and nitrates was also recommended. The clinical deci-
sion to start open-label ACE inhibitor therapy for symptomatic heart failure did not result
in unblinding the clinical investigator.

V. THE PRIMARY FINDINGS OF SAVE

A. SAVE Follow-Up

There were no significant differences before randomization in the characteristics of the
patients in the two treatment groups (Table 5). Of the 2231 patients enrolled in the trial,
the survivors were followed up for an average (� SD) of 42 � 10 months (range, 24 to
60). Upon completion of this follow-up period, the vital status of six patients (four in the
placebo group and two in the captopril group) was unknown. Blood pressure increased
in both groups from baseline to 3 months, but to differing extents; systolic and diastolic
pressures were both significantly higher in the placebo group than in the captopril group
at 3 months after randomization. This difference was maintained during follow-up values
at the 1-year visit, 125 � 18/77 � 10 mm Hg for placebo and 119 � 18/74 � 10 mm
Hg for captopril (P � 0.001 for both systolic/diastolic pressures). The mean heart rate
for both groups at 1 year was 72 beats per minute.

B. Compliance with Therapy in SAVE

The number of patients taking their assigned study medication at 1 year was similar in
the placebo group (808 of 985, or 82%) and the captopril group (787 of 1001, or 79%).
At the last study visit, 73% of the surviving patients in the placebo group (612 of 841)
and 70% of those in the captopril group (619 of 887) were still taking the study drug. Of
these patients, 90% of those in the placebo group (549 of 612) and 79% of those in the
captopril group (486 of 619) reached the target dose of 150 mg per day after randomiza-
tion.

C. Primary Endpoint—Mortality

There were 503 deaths during the study: 275 of the 1116 patients (25%) in the placebo
group and 228 of 1115 (20%) in the captopril group; the reduction in the risk of death
from all causes was 19% (95% confidence interval [CI], 3 to 32%; P � 0.019) (Fig. 1).
Of the deaths, 84% (422 of 503) were from cardiovascular causes (234 in the placebo
group vs 188 in the captopril group); the reduction in risk was 21% (95% CI, 5 to 33%;
P � 0.014) (Table 6). Within this category, the significant reduction in mortality was
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Table 5 Baseline Characteristics of SAVE Participants

Placebo Captopril
Characteristic (n � 1116) (n � 1115)

Mean age (yrs) 59.5 59.3
Age � 70 yrs (%) 15 15
Sex ratio M/F % 82/18 83/17
Clinical history of presentation

Previous MI 35 36
Diabetes mellitus 23 21
Hypertension 42 44
Current smoker 53 53

Means days to randomization 11 11
Events between MI and randomization

Highest serum creatinine kinase 13.6 13.8
Killip class I 59 60
Thrombolytic therapy (%) 32 34
Cardiac catheterization (%) 54 57
PTCA (%) 17 17
Coronary artery bypass surgery (%) 8 10

Infarct type and location
Anterolateral Q wave 54 56
Inferoposterior Q wave 17 18
Both 12 11
Non-Q wave 10 10
Other 7 5

Mean radionuclide ejection fraction 31 31
Medication use within 24 hours of randomization

Antiarrhythmic drugs 11 14
Anticoagulant agents 28 28
Aspirin 59 59
Other antiplatelet agents 14 14
Beta-blockers 36 35
Calcium channel blockers 42 42
Digitalis 27 25
Diuretics 35 35
Nitrates 53 50

Mean blood pressure (mm Hg)
Systolic 113 112
Diastolic 70 70

Mean heart rate (beats/min) 78 78

Abbreviations: SAVE, Survival and Ventricular Enlargement; MI, myocardial infarction; PTCA, percutaneous
transluminal coronary angioplasty.

attributed to progressive heart failure in the captopril group as compared with the placebo
group (38 vs 58 deaths, respectively). The reduction in the risk of progressive heart failure
was 36% (95% CI, 4 to 58%; P � 0.032). These 96 deaths included the 12 patients who
underwent cardiac transplantation (seven assigned to placebo and five to captopril). Deaths
from noncardiovascular causes (16%) were distributed evenly between the two treatment
groups. No differences were noted between the two groups with regard to deaths from
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Fig. 1 Effect of captopril on total mortality in SAVE.

cancer, including gastrointestinal cancer. Repeat ejection fractions were obtained in 96%
of the surviving patients randomly assigned to placebo (806 of 841) and in 95% of those
assigned to captopril (838 of 887) toward the end of the observation period. A deterioration
of 9 or more units was noted in 16% of the surviving patients in the placebo group (125
of 806) and 13% of those in the captopril group (110 of 838) (P � 0.168). When this
measure of progressive LV dysfunction was combined with mortality from all causes, this
prospectively defined endpoint was reached in 36% of the patients assigned to placebo
(400 of 1116) and 30% of the patients assigned to captopril (338 of 1115); the reduction
in risk was 15% (95% CI, 5% to 25%; P � 0.006).

Table 6 Cause of Death in Study Participants

Risk
Cause of death Placebo Captopril reduction 95% CI P-value

Cardiovascular 234 188 21 5–35 0.014
Atherosclerotic heart disease 222 174 23 6–37 0.009
Progressive heart failure 58 38 36 4–58 0.032
Sudden with preceding symptoms 50 43 NS
Sudden, unexpected 75 62 NS
Acute myocardial infarction 25 24 NS
Cardiac procedures 9 5 NS
Other cardiac 5 2 NS
Vascular 12 14 NS

Noncardiovascular 41 40 NS
Cancer 20 14 NS
Infection or gastrointestinal bleeding 18 16 NS
Traumatic or unknown 3 10 NS

All 275 228 19 3–32 0.019

Abbreviation: CI, confidence interval.
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D. Morbidity from Cardiovascular Causes

1. Heart Failure

The incidence in the development of symptomatic heart failure clinically requiring open-
label therapy with an ACE inhibitor became more frequent over time, with 13% of the
overall population (297 of 2231) developing this degree of heart failure. Regardless of
therapy assignment, the need for open-label therapy with an ACE inhibitor was associated
with an increased risk of death: 37% of patients with this degree of heart failure died
during the trial (110 of 297), whereas only 20% of patients who did not require an ACE
inhibitor died (393 of 1934) (relative risk, 4.5; 95% CI, 3.6 to 5.6; P � 0.001). However,
the patients randomly assigned to receive captopril were significantly less likely to have
this form of treatment failure than those assigned to placebo (118 of 1115 [11%] vs 179
of 1116 [16%], respectively; reduction in risk, 37%; 95% CI, 20 to 50 percent; P � 0.001).
The group randomly assigned to captopril therapy also had a considerable reduction in
the number of patients who died after starting open-label therapy with an ACE inhibitor
(39/118 patients vs 71/179 in the placebo group; reduction in risk, 47%; 95% CI, 21%
to 64%; P � 0.002).

Treatment failure that resulted in the need for hospitalization to treat heart failure
was an even worse prognostic sign. Regardless of therapy assignment, such hospitaliza-
tions, which occurred in 15% of the study population (346 of 2231), were associated with
a highly increased risk of death. Among the patients with this degree of heart failure, 47%
(164 of 346) died during the trial, whereas among the patients not hospitalized for heart
failure, 18% (339 of 1885) died (relative risk, 6.4; 95% CI, 5.3 to 7.8; P � 0.001). With
captopril therapy, the proportion of patients who required hospitalization for heart failure
was reduced (to 14%, or 154 of 1115 patients, vs 17 percent, or 192 of 1116 patients,
with placebo; risk reduction, 22%; 95% CI, 4% to 37%, P � 0.019). The captopril group
also had significantly fewer patients who were hospitalized for heart failure and who later
died (64/154 patients vs 100/192 in the placebo group; reduction in risk, 38%; 95% CI,
15% to 54%; P � 0.003).

2. Recurrent MI

After randomization, 303 patients had at least one clinically reported (fatal or nonfatal)
MI (170 patients in the placebo group and 133 in the captopril group; reduction in risk,
25%; 95% CI, 5% to 40%; P � 0.015) (Fig. 2). Of these patients, 129 assigned to placebo
and 108 assigned to captopril had the specified levels of creatinine kinase or were desig-
nated as having a fatal MI by the mortality classification committee (reduction in risk,
19%; 95% CI, �4% to 37%; P � 0.102). In the captopril group, there was also a substan-
tial reduction in the number of patients who had recurrent clinical MIs and subsequently
died (56/108 vs 80/129 in the placebo group; reduction in risk, 32%; 95% CI, 4% to
51%; P � 0.029). Coronary revascularization procedures during the follow-up period were
also less likely to occur in patients randomized to captopril therapy (195/1116 for the
placebo group vs 154/1115 for the captopril group; reduction in risk 24%; 95% CI 6 to
39%; P � 0.010).

3. Combined Clinical Endpoint

The number of patients who either died of cardiovascular causes or had major nonfatal
events (heart failure requiring ACE therapy, heart failure requiring hospitalization, or re-
current MI) was reduced with captopril therapy (from 448 of 1116 patients [40%] in the
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Fig. 2 Effect of captopril on recurrent myocardial infarction in SAVE.

placebo group to 359 of 1115 patients [32%] in the captopril group; risk reduction, 24%;
95% CI, 13% to 34%; P � 0.001). If 1000 patients were treated with captopril therapy
for 3 years, 80 major cardiovascular events would be prevented. The effect on mortality
from all causes and on cardiovascular mortality and morbidity of major, prospectively
specified, prerandomization characteristics known to influence survival after MI was as
anticipated, that is, regardless of treatment assignment, advanced age, history of MI, lower
LV ejection fraction, and higher Killip classification were each associated with a higher
incidence of adverse events. When these subgroups were analyzed, captopril therapy
showed a consistent benefit, although to varying degrees, in reducing both mortality from
all causes and mortality and morbidity from cardiovascular causes.

A proportional hazards model for mortality from all causes demonstrated a signifi-
cant influence of captopril in reducing mortality independently of age, ejection fraction,
history of MI, sex, base-line arterial blood pressure, and use of thrombolytic therapy,
aspirin, or beta-blockers (P � 0.013). An important point is that the use of captopril
produced additive benefits when used in conjunction with other previously proven thera-
pies.

4. Echocardiography Results

The two-dimensional echocardiograms from 512 patients were accepted for quantitative
analysis. These were obtained at a mean of 11.1 � 3.2 days after the index MI. Thirteen
patients died during the follow-up period from noncardiovascular causes, leaving a cohort
of 499 patients. There were 55 deaths within the first year before the follow-up echocardio-
gram (24 in the placebo and 31 in the captopril group, P � 0.275). Four hundred twenty
of these survivors (95%) had repeat two-dimensional echocardiograms that were judged
acceptable for quantitative analysis at 1 year.

The clinical features of the patients in the echocardiographic substudy resembled
those in the overall trial. Furthermore, patients randomly assigned to placebo or to capto-
pril within the echocardiographic substudy were similar except for the peak creatinine
phosphokinase levels, which were significantly higher in the captopril-treated group.
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Baseline LV end-diastolic and end-systolic areas and percent change in area were
all strong, independent predictors of cardiovascular mortality. Total mortality increased
with increasing end-diastolic volume when end-diastolic volume was assessed in quartiles
(Fig. 3). These baseline echocardiographic variables were added individually to the multi-
variate model for survival, which included factors well known to influence survival (age,
sex, diabetes, hypertension, prior infarction, thrombolysis, and radionuclide ejection frac-
tion). When added to this model, echocardiographic LV end-systolic area and percent
change in LV area emerged as some of the strongest independent predictors of clinical
outcome.

Left ventricular end-diastolic and end-systolic areas and percent change in LV area
at baseline were similar in the captopril and the placebo treatment groups. At 1 year, LV
end-diastolic and end-systolic areas had increased in both treatment groups, but the in-
creases in areas were significantly greater in the placebo patients than in those treated
with captopril (P � 0.023 for diastole, P � 0.021 for systole). This greater increment
resulted in larger LV areas in the 1-year survivors in the placebo-treated group (P � 0.038
and P � 0.015, respectively). Percent change in LV area was significantly greater at 1
year in the captopril-treated group compared with placebo (29 � 8% vs 27 � 7%, P �
0.005). The change in diastolic area over time by therapy group is depicted (Fig. 4).

One hundred eleven of the 420 (26.4%) 1-year survivors with 1-year echo measure-
ments sustained at least one major cardiovascular event (defined as cardiovascular death,
heart failure requiring either hospitalization or open-label captopril therapy, or recurrent
infarction) during late follow-up. The event rate was higher in the placebo treatment group
(31.8%) compared with the captopril treatment group (20.7%), indicating a risk reduction
of 35% (P � 0.010). Patients who sustained adverse cardiovascular events irrespective
of treatment assignment had more than a threefold greater increase in end-systolic areas
from baseline to 1 year compared with patients who experienced no adverse cardiovascular

Fig. 3 Relationship of end diastolic volume at baseline to total mortality in SAVE.
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Fig. 4 Change in end diastolic volume over time by therapy group in SAVE.

events (5.35 � 9.88 vs 1.48 � 9.01 in diastole, P � 0.001, and 6.37 � 10.29 vs 1.35 �
9.62 systole, P � 0.001). Furthermore, the interval change in percent change in LV area
at 1 year was significantly lower in patients who sustained adverse cardiovascular events
compared with patients who did not (�3 � 6% vs 0 � 7%, P � 0.001) (17).

Captopril therapy resulted in a trend toward less deterioration in the percent change
in area (�1.3 � 7.0 vs �0.1 � 7.0, P � 0.105; placebo vs captopril). Among patients
who did not sustain adverse cardiovascular events, the increase in LV area was much less
in the captopril-treated group both in diastole (0.38 � 9.21 vs 2.67 � 8.67 cm2, P � 0.02)
and in systole (0.26 � 9.98 vs 2.53 � 9.11 cm2, P � 0.038). Although captopril reduced
the number of patients with cardiovascular events, the changes in LV cavity areas in the
captopril-treated patients with cardiovascular events were similar to patients treated with
placebo who experienced adverse cardiovascular events. However, effective failure of the
therapy to reduce ventricular enlargement was associated with no reduction in the risk
for major cardiovascular events.

E. Subgroup Analyses

The position taken by Yusuf (18) is to use the overall trial results to indicate the likely
effect of therapy in a particular subgroup. If this stance is taken for SAVE, we would
conclude that captopril significantly reduces all-cause mortality and cardiovascular
mortality/morbidity in each of the subgroups. However, providing the individual analyses
for the subgroup strata can provide important information if the environment for its correct
interpretation is provided. This includes the clear understanding that the subgroup analysis
is exploratory and a useful exercise in hypothesis generation. The presence of an interac-
tion effect, revealing the differential effect of captopril in a subgroup would be an impor-
tant finding worthy of confirmation. However, the absence of a specific trial design meth-
odology incorporation into the trial to capture the subgroup effect of interest must be and
is acknowledged.

1. Demographics

In each of the subgroup strata—age 61 or older, male gender, USA origin, and white
race—the data suggest that captopril may appear to confer a benefit for mortality. For
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Table 7 Subgroup Analysis in SAVE—Demographics

Total mortality Cardiovascular mortality/morbidity

Pts Pts Risk Risk
Variable Level Placebo Captopril Red CI Power Red CI Power

Age � 61 528 558 �4 �40 to 23 0.314 16 �5 to 32 0.66
� 61 588 557 28 10 to 42 0.682 29 15 to 41 0.895

Gender male 912 929 22 6 to 36 0.744 28 16 to 38 0.949
female 204 186 2 �53 to 37 0.174 4 �32 to 30 0.371

Country USA 789 785 17 �3 to 32 0.652 20 6 to 32 0.919
Canada 327 330 25 �4 to 46 0.332 35 15 to 50 0.55

Race white 1002 991 18 1 to 32 0.747 24 12 to 34 0.956
nonwhite 114 124 27 �21 to 56 0.168 28 �7 to 51 0.323

Abbreviations: SAVE, Survival and Ventricular Enlargement; CI, confidence interval.
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these same strata and, in addition, for subjects younger than 61, and randomization in a
Canadian center, a benefit tended to be conferred for the occurrence of the combined
endpoint. The subgroup strata of women and nonwhite race provide insufficient power
for interpretation of the relative risks, making the relative risks uninterpretable (Table 7).

2. Clinical History

The SAVE database provided important clinical history of the randomized patients before
the index SAVE MI (19). Regarding total mortality, captopril tended to be effective in
patients who had an index MI before the SAVE MI as well as in those patients for whom
the SAVE MI was the first heart attack (8). The trend for a captopril effect was also
apparent within four of the five subgroups for the location of the SAVE index MI and
for those patients randomized more than 7 days after the SAVE MI. Each of the Goldman
and New York Heart Association (NYHA) classes demonstrated a trend to captopril benefit
for total mortality. The trend for a mortality benefit conferred by captopril is also apparent
for patients without diabetes and patients without hypertension. Point estimates for capto-
pril benefit support the notion of a uniform captopril effect in both the presence and ab-
sence of hypertension, diabetes, and a family history of heart disease. Patients without
history of cardiac catheterization, cardiac surgery, thrombolysis, or percutaneous translu-
minal coronary angioplasty (PTCA) each had interpretable results for total mortality and
demonstrated a trend to benefit from mortality by captopril.

The trend for captopril to protect from the occurrence of either cardiovascular mor-
tality or cardiovascular morbidity was apparent for patients regardless of the presence of
an MI before the SAVE MI and for patients with electrocardiographic changes indicative
of both an anterior and inferior MI at baseline. This trend to captopril benefit was also
apparent for patients who were randomized more than 7 days after the infarction, patients
in Goldman classes I, II, and III, patients in NYHA classes 1 and 2, patients with and
without diabetes by history, patients with and without hypertension, patients with and
without a family history of heart disease, and patients without a history of cardiac catheter-
ization, cardiac surgery, thrombolysis, or PTCA.

3. Index Infarction Hospitalization History

In each of the subgroups for Killip class where the power is above 50%, there is a trend
to captopril benefit for each of total mortality and the combined cardiovascular mortality/
morbidity endpoint (Table 8). There is a trend to benefit in patients who had heart failure
between the SAVE MI and randomization and in those patients without thrombolysis
and without either PTCA or coronary artery bypass surgery. Patients without hypotension
requiring intervention also demonstrated a trend toward captopril benefit to prevent total
mortality. A trend to protection from cardiovascular mortality/morbidity was observed
for patients in each of Killip classes I and II, patients regardless of the occurrence of heart
failure at baseline, and in patients without a history of thrombolysis or revascularization
(either PTCA or coronary artery bypass surgery) between the SAVE MI and randomiza-
tion. This trend was also observed in patients regardless of whether they suffered from
hypotension requiring intervention in the immediate post-index infarction period.

Treating physicians in SAVE were encouraged to use all medications according
to the accepted practice of medicine in the postinfarction-prerandomization period. The
substrate strata were interpretable (i.e., had prior power of 50% or higher) and demon-
strated a trend to captopril benefit for total mortality for patients who did not use beta-
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blockers, patients regardless of aspirin use, patients who did not use antiarrhythmic agents,
and patients who did not use non-ACE inhibitor vasodilators, or sympathetic blockers,
digoxin, or anticoagulants (Table 9). This same trend to captopril benefit was observed
in patients in whom diuretics were used. A trend to benefit from cardiovascular mortality/
morbidity was observed in patients either on or off beta-blockers, aspirin use, diuretic
use, calcium channel blockers, digoxin, or anticoagulants. This trend was observed in
patients on antiarrhythmic agents, non-ACE inhibitor vasodilators, and sympathetic
blockers.

Our conclusions after multiple analyses of these subgroups is that within SAVE,
there was no strong evidence of a differential effect of captopril within any subcohort.
All subgroups appeared to uniformly benefit from captopril therapy.

4. Adverse Events

After randomization, the use of beta-blockers, aspirin, digitalis, and nitrates was similar
in the two groups. There was, however, more use of diuretic therapy among the patients
taking placebo (38% vs 32% for captopril, P � 0.002), a finding consistent with the
higher incidence of symptomatic heart failure in this group. The following symptoms were
reported: dizziness (5%), alteration in taste (2%), cough (6%), and diarrhea (2%). The
following numbers of patients discontinued the study medication at the time of these ad-
verse events: 25 in the placebo group and 32 in the captopril group who had dizziness
(P not significant); 5 and 9, respectively, who had taste alteration (P not significant); 9
and 27 with cough (P � 0.003); and none with diarrhea. Cost effectiveness studies (20,21)
demonstrated that the captopril therapy was both life and cost saving. An examination
was carried out in two models. The persistent-benefit model assumed that the survival
benefit associated with captopril therapy would persist beyond 4 years. The limited-benefit
model assumed that captopril therapy incurred costs but no survival benefit beyond 4
years. In the limited benefits analyses, the incremental cost-effectiveness of captopril ther-
apy ranged from $3600/quality adjusted life-year for 80-year-old patients to $60,800/
quality-adjusted life-year for 50-year-old patients. In the persistent-benefit analyses, incre-
mental cost-effectiveness ratios ranged from $3,700 to $10,000/quality-adjusted life-year,
depending on the age. The SAVE investigators concluded that the cost-effectiveness of
captopril therapy for 50- to 80-year-old survivors of MI with a lower ejection fraction
compares favorably with other interventions for survivors of MI.

F. Secondary Results

Although the responsibility of clinical trial workers is to focus on the primary mission of
the research effort, opportunities to use the dataset to examine other relevant public health
and clinical issues often abound and have proven themselves impossible to ignore. These
same opportunities were available in SAVE; thus, although the SAVE workers concen-
trated on testing the prospectively stated primary hypothesis of the trial, other issues of
interest to the medical community were also examined. However, several words of caution
must be offered before describing these ancillary SAVE findings.

1. Hazards of Secondary Analyses

Using clinical trial data to explore issues other than those for which the trial is designed
raises important issues in result interpretation. Most every disciplined investigator has
acknowledged the conflicting forces of data interrogation (the desire to measure many
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Table 8 Subgroup Analysis in SAVE—Baseline Morbidity

Cardiovascular
Total mortality mortality/morbidity

Pts Pts Risk Risk
Variable Level Placebo Captopril Red CI Power Red CI Power

Prior MI No 721 718 22 0 to 39 0.506 21 4 to 35 0.758
Yes 395 397 16 �8 to 35 0.533 29 14 to 42 0.881

Infarct type Anterior 605 624 9 �19 to 29 0.431 16 �3 to 31 0.711
Posterior 193 201 16 �32 to 46 0.187 27 �2 to 48 0.372
Both 135 126 38 2 to 61 0.232 34 6 to 54 0.434
Non- 110 106 36 �10 to 62 0.171 33 �2 to 56 0.281

Q-wave
Other 73 58 �2 �64 to 38 0.193 16 �32 to 46 0.332

Days to randomization 3–7 Days 197 177 11 �35 to 42 0.208 16 �16 to 39 0.381
�7 Days 919 938 20 3 to 34 0.724 26 13 to 36 0.948

Goldman scale Class 1 627 659 17 �10 to 37 0.393 24 6 to 38 0.71
Class 2 265 259 19 �11 to 41 0.367 19 �6 to 37 0.571
Class 3 204 180 22 �8 to 44 0.371 35 14 to 51 0.636

NYHA Class 1 731 740 12 �13 to 31 0.463 20 3 to 34 0.781
Class 2 317 299 30 6 to 47 0.468 31 13 to 45 0.755
Class 3 65 75 28 �29 to 53 0.205 34 �4 to 58 0.306

Diabetes No 857 882 20 2 to 35 0.639 26 12 to 37 0.898
Yes 259 233 12 �21 to 36 0.355 17 �6 to 36 0.651

Hypertension No 708 686 19 �3 to 36 0.535 29 14 to 41 0.809
Yes 408 429 20 �4 to 38 0.493 20 2 to 35 0.809

Family history heart disease No 593 603 12 �13 to 31 0.476 15 �4 to 30 0.764
Yes 516 510 26 5 to 42 0.544 33 18 to 45 0.828
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Pre-MI Cath No 838 831 21 2 to 36 0.619 23 9 to 35 0.89

Yes 278 284 16 �13 to 38 0.394 30 10 to 45 0.676
Pre-MI PTCA No 1073 1078 19 4 to 32 0.791 25 13 to 35 0.973

Yes 43 37 13 �152 to 70 0.063 9 �92 to 57 0.102
Pre-MI thrombolysis No 1081 1078 18 2 to 31 0.784 24 12 to 34 0.972

Yes 35 37 54 �34 to 84 0.08 41 �28 to 72 0.12
Pre-MI cardiac surgery No 980 994 20 3 to 34 0.72 25 13 to 36 0.946

Yes 136 121 6 �44 to 38 0.22 18 �15 to 42 0.423
Pre-MI revascularization No 954 970 2 4 to 35 0.716 25 13 to 36 0.943

Yes 162 145 7 �41 to 38 0.223 17 �15 to 40 0.435
Killip class Class 1 672 676 25 4 to 42 0.499 25 8 to 38 0.765

Class 2 366 355 18 �10 to 38 0.42 26 7 to 41 0.733
Class 3 62 62 �21 �101 to 30 0.151 11 �40 to 44 0.277
Class 4 16 22 16 176 to 74 0.064 47 �27 to 78 0.13

CHF No 648 647 31 11 to 48 0.474 27 10 to 40 0.748
Yes 466 467 7 �18 to 26 0.555 23 6 to 36 0.863

Thrombolysis No 761 739 17 �1 to 32 0.715 25 11 to 36 0.933
Yes 355 376 22 �14 to 47 0.238 23 �1 to 41 0.497

Revascularization No 854 815 22 6 to 36 0.756 28 16 to 38 0.956
Yes 262 300 �13 �79 to 28 0.156 4 �32 to 30 0.336

Hypotension req intervention No 886 859 19 1 to 33 0.688 24 11 to 35 0.93
Yes 229 256 21 �14 to 45 0.279 27 3 to 45 0.504

Abbreviations: SAVE, Survival and Ventricular Enlargement; CI, confidence interval; MI, myocardial infarction; NYHA, New York Heart Association; PTCA, percutaneous translu-
minal coronary angioplasty.
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Table 9 Subgroup Analysis in SAVE—Medication Within 24 Hours of Randomization

Total mortality Cardiovascular mortality/morbidity

Pts Pts Risk Risk
Variable Level Placebo Captopril Red CI Power Red CI Power

Beta blockers No 718 724 14 �5 to 30 0.682 24 10 to 35 0.928
Yes 398 391 33 4 to 53 0.295 26 4 to 43 0.531

Aspirin No 463 458 14 �10 to 33 0.521 29 13 to 43 0.797
Yes 653 657 24 2 to 41 0.502 20 4 to 34 0.805

Antiarrhythmics No 989 962 14 �4 to 30 0.698 23 11 to 34 0.942
Yes 127 153 42 13 to 62 0.293 33 7 to 52 0.494

Non-ACE vasodilators No 1106 1109 18 2 to 31 0.793 24 12 to 34 0.976
Yes 10 6 74 �124 to 97 0.056 73 �129 to 97 0.067

Sympathetic No 1112 1108 19 3 to 32 0.798 24 13 to 34 0.977
Yes 4 7 23 �769 to 93 0.042 23 �769 to 93 0.042

Diuretics No 725 724 22 �1 to 39 0.482 23 7 to 36 0.782
Yes 391 391 17 �7 to 35 0.564 26 10 to 40 0.853

Calcium No 648 643 19 �7 to 38 0.567 26 11 to 39 0.85
Yes 468 472 19 �4 to 33 0.447 22 3 to 37 0.731

Digoxin No 818 835 16 �4 to 33 0.575 26 12 to 38 0.87
Yes 298 280 21 �5 to 41 0.453 19 �2 to 36 0.73

Nitrates No 529 553 16 �10 to 36 0.423 18 �2 to 34 0.675
Yes 587 562 20 �1 to 36 0.587 29 15 to 41 0.887

Anticoagulation agents No 801 798 26 8 to 30 0.675 22 8 to 34 0.906
Yes 315 317 0 �39 to 28 0.296 30 9 to 46 0.601

Abbreviations: SAVE, Survival and Ventricular Enlargement; CI, confidence interval; ACE, angiotensin-converting enzyme.



SAVE Study 491

different clinical assessments at the end of the experiment) versus interpretive parsimony
(the alpha level and, therefore, the success of the trial rest on the interpretation of the
primary endpoint), each force pulling in the opposite direction, bedeviling investigators
as they plan and execute their experiments. Although guidance for the selection of end-
points in clinical trials is available (12), this area remains controversial (22–27). Baseline
analyses are perhaps best described as epidemiologic cross-sectional studies. Although
they are illuminating, the identification of a cause that is antecedent to an effect can be
problematic if the variables are measured simultaneously. Analysis examining the relation-
ship between baseline measures and events that the patients experience during the post-
randomization follow-up period can be illuminating as well, but the use of only a subcohort
(subset analysis) and P value multiplicity vitiates the conclusive strengths of these evalua-
tions. So, although clinical trials can generate much interesting data and shed light on
relationships involving comorbidity and clinical sequelae, this light is dimmed by design
and interpretation conundrums. The findings are best interpreted when viewed as explor-
atory or hypothesis generating.

With these caveats, SAVE provided interesting and timely information on several
public health issues. The issue of sex bias in the treatment of women rose to the forefront
in the 1980s. Even though coronary artery disease was the leading cause of death among
women, previous studies demonstrated that physicians were perhaps less likely to aggres-
sively pursue coronary artery disease in women. A cross-sectional study in SAVE involv-
ing baseline data examined the nature and severity of anginal symptoms and the use of
antianginal/anti-ischemic medications before enrollment of men and women into SAVE.
The data revealed that, although women were just as likely as men to have angina and to
be treated with antianginal medications and that women complained of greater functional
disability from angina, fewer women had had cardiac catheterization or coronary artery
bypass surgery before randomization in SAVE. Furthermore, although men and women
were equally likely to undergo bypass procedures after a cardiac catheterization, women
were half as likely as men to undergo an invasive cardiac procedure. This result remained,
even after adjusting for important baseline differences between men and women as mea-
sured by variables obtained at baseline (28).

A similar examination of selection issues in SAVE involved the use of thrombolytic
therapy in acute MI. A cross-sectional analysis of baseline data revealed that although
the SAVE population was selected from a population of patients with LV dysfunction,
the majority of patients who were judged as clinically unsuitable for thrombolytic therapy
were at higher risk for adverse cardiovascular events (29). This analysis in the early throm-
bolytic era raised the question of the use of this therapy in high-risk groups.

Continuing in the vein of public health, as the debate over managed health care as
an alternative health care system grew in the United States in the 1980s, major differences
in the organization of the health care systems in Canada and the United States were recog-
nized. The SAVE trial exploited the fact that it randomized patients from the United States
and Canada by examining differences in post-randomization clinical events rates by the
patient’s randomization country. The execution of this embedded, forward observational
design on the SAVE dataset concluded that coronary arteriography was more commonly
performed in the United States than in Canada (66% vs 35%) and the revascularizations
procedures before randomization were also more frequent (31% vs 12%). When these
patients were followed prospectively during the post-randomization follow-up period in
SAVE, patients randomized from the United States and Canada had the same total mortal-
ity rate and the same rate of recurrent MI. However, patients randomized in Canada did
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have a higher frequency of activity-related angina (30). Finally, an important contribution
made by the subsidiary analyses executed in SAVE involved neurohormones. Previous
studies had indicated that patients with an acute MI have significant activation of all neuro-
humoral systems on admission to the hospital. However, this activation began to subside
within the first 72 hours after MI so that, after several days, all plasma neurohormones
returned to normal. The only exception to this observation was in patients with LV dys-
function and overt heart failure, in whom both plasma renin activity and atrial natriuretic
peptide increased, and in patients with LV dysfunction but no obvious heart failure, in
whom only atrial natriuretic peptide was increased. In SAVE, 522 patients had plasma
neurohumeral levels measured 12 days mean time after index MI. The results demonstrated
that a subgroup of patients without overt heart failure sustained persistent neurohumeral
activation at the time of postinfarction hospital discharge. Because patients with persistent
neurohumoral activation are in all likelihood at greater risk of developing complications
and perhaps more likely to benefit from pharmacological therapy blunting the effects of
neurohumoral activation, SAVE demonstrated that measurement of predischarge neurohu-
moral activation may be useful. Furthermore, N-terminal pro atrial natriuretic factor (ANF)
was found to be a potent predictor of survival, even stronger than ANF itself, and remained
important, after adjusting for age, gender, prior MI, hypertension, diabetes, use of throm-
bolysis, Killip class, the location of the MI, and LV ejection fraction (31–34).

VI. DISCUSSION

The SAVE trial demonstrated that the long-term administration of the ACE inhibitor,
captopril, to recent survivors of MI with LV dysfunction resulted in reduced total mortal-
ity, cardiovascular mortality, and morbidity. An important strength of SAVE was the
breadth and depth of its findings. The consistent findings of the effect of therapy among
its endpoints bolster the contribution of ACE inhibitor therapy in the post-MI setting. The
attenuation of LV enlargement associated with captopril identified in SAVE’s echocardio-
graphic component supported the mechanistic understanding of the pathophysiology of
LV dysfunction, providing assurance of the stability of the SAVE findings through corrob-
oration of the mechanism of captopril action.

Although the major focus of SAVE was the examination of ACE inhibitor therapy
on mortality, interest remained high throughout the trial on captopril’s ability to influence
secondary endpoints. These endpoints included recurrent MI, heart failure, and radionu-
clide ventriculograms. For each of these endpoints, SAVE supported the conclusion of a
produced benefit.

The breath of SAVE’s assessment of clinical outcome extended through extensive
subgroup analyses. A reasoned examination of the subgroup analyses from SAVE suggests
that the benefits of captopril therapy were relatively uniform in the SAVE study, indicating
that therapy benefit was not confined to one particular subgroup.

A. Strengths and Weaknesses of SAVE

An additional strength in SAVE was its investigator team. Throughout SAVE, continued
pressure was brought to bear to use new therapies. These new therapies potentially affect
SAVE by creating a bias to the null, deflating both captopril and placebo event rates to
a point that would blur statistical distinctions between them. A strength of the protocol
was to allow each of these procedures to be used during the course of the trial in a blinded
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fashion. The investigators were free to use all new therapies on an individual basis for
their patients. By doing this, patients in the trial were assured of getting the best and
newest approved therapies for their medical and health conditions. Second, this process
assured that the positive findings of SAVE could be applied ‘‘on top of’’ current medical
therapy. Angiotensin-converting enzyme inhibitor use after infarction could be applied
with full expectation of benefit from the newest therapy available for the treatment of LV
dysfunction.

A weakness of SAVE was recruitment. Its initial sample size was to be 4000 patients.
Unfortunately, several months after SAVE randomizations began, it became clear that
recruitment would fall short of its goal, and after 9 months of slower than expected recruit-
ment, some trial adjustments were considered. Because of fears that an underrecruited
SAVE would be underpowered to detect a total mortality effect with statistical signifi-
cance, interest was generated in the computation of a combined endpoint (total mortality
and a reduction in ejection fraction). At the conclusion of SAVE, each of these endpoints
was statistically significant (P � 0.019 for total mortality, P � 0.016 for the combined
endpoint). Although application of the most stringent multiple endpoint testing rules (34)
would show that the consideration of both does not inflate the type I error above the 0.05
boundary, chronic recruitment difficulties plagued SAVE throughout is randomization pe-
riod.

The SAVE study encompassed a lab bench-to-bedside approach, proving that this
new use of captopril could save lives and reduce untoward cardiovascular events. As such,
it has favorably changed the practice of medicine. As with any good research experience,
it also provided useful observations for other studies. The reduction in coronary events
in the ACE inhibitor-treated group was somewhat unexpected. This observation, coupled
with similar findings in SOLVD, generated the rationale for the National Heart, Lung and
Blood Institute (NHLBI) trial, Prevention of Events—Angiotensin Converting Enzyme
inhibitor (PEACE) trial (35), which is a direct extension of SAVE, testing whether coro-
nary events can be reduced by use of an ACE inhibitor in patients with coronary artery
disease.

APPENDIX OF PERSONNEL

Principal Investigator: Marc A. Pfeffer, MD, PhD

Chairman, Steering Committee: Eugene Braunwald, MD

Policy board: Richard Gorlin, MD, Mount Sinai Medical Center, New York, NY; William
W. Parmiey, MD, University of California San Francisco, San Francisco, CA; James Ware,
PhD, Harvard School of Public Health, Boston, MA; Karl T. Weber, University of Mis-
souri-Columbia, Columbia, MO.

Data coordinating center: University of Texas Health Science Center, Houston, TX:
Denese Alsmeyer, Cynthia Ang, Christina Cole Berryhill, Wanda Bradshaw, Evelyn
Butcher, Robert Byington, Celia L. Canales, Bobbie Carroll, Young-Ha Cho, Lisa Clem-
ons, Charles Cooper, Larry Cormier, Barry R. Davis, MD, PhD, Lori Cole Diman, Rhonda
Evans, Pamela Gilman, Patrick Grealy, Roberta Haglund, Peggy Hamm, PhD, C. Morton
Hawkins, ScD, Susan Henley, Toweilla Henry, Corina Hernandez, Delores Hernandez,
Leticia Johnson, Sherol Jordan, Homai Khajautia, Nita Lafayette, John Lara, Susan Le
Blanc, Jone-Ing Lin, Brad Marshall, Alice Martinez, Lemuel A. Moyé, MD, PhD, Lynne
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I. INTRODUCTION

The benefits of treating hypertension in the elderly, in terms of achieving reductions in
cardiovascular morbidity and mortality, have been well documented in several prospective
intervention studies (1–7). One of these trials, the Swedish Trial in Old Patients with
Hypertension (STOP-Hypertension) (4), can be regarded as an immediate predecessor and
a source of inspiration for the present trial, STOP-Hypertension-2 (8).

In 1991, a question had been raised regarding the usefulness of newer antihyperten-
sive agents, specifically angiotensin-converting enzyme (ACE) inhibitors and calcium an-
tagonists, in the prevention of cardiovascular morbidity in elderly hypertensives. To inves-
tigate this issue the present trial, STOP-Hypertension-2, was designed and initiated in
1991. It was decided to use virtually the same inclusion criteria as in STOP-Hypertension,
that is, hypertensive men and women ages 70 to 84 with blood pressure 180 mm Hg
systolic or higher, 105 mm Hg diastolic or higher, or both (Table 1). The only difference
between the two trials was that patients with isolated systolic hypertension could be in-
cluded in STOP-Hypertension-2. This was based on the positive findings in patients with
isolated systolic hypertension treated with diuretics that were presented in 1991 in the
Systolic Hypertension in the Elderly Program (SHEP) study (3), results that have later been
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Table 1 Inclusion and Exclusion Criteria in the STOP-Hypertension-2 Study

Inclusion criteria
Men and women
Ages 70–84 years
Essential hypertension
Blood pressure � 180 mm Hg systolic or � 105 mm Hg diastolic, or both
Exclusion criteria
Secondary hypertension
Stroke or myocardial infarction less than 6 months before inclusion
Insulin-treated diabetes mellitus
Malignancy
Alcoholism
Dementia or other serious mental disorder

Abbreviation: STOP, Swedish Trial in Old Patients.

supported by two trials based on calcium antagonist therapy: the Systolic Hypertension in
Europe (Syst-Eur) trial (6) and the Systolic Hypertension in China (Syst-China) trial (7).

The primary aim of the STOP-Hypertension-2 study was to compare cardiovascular
mortality during conventional antihypertensive therapy, that is, diuretics, beta-blockers,
or both, using exactly the same compounds as in STOP-Hypertension, to the effect of
newer therapies, such as ACE inhibitors or calcium antagonists, in this regard (Table 2).
For obvious ethical reasons, a long-term placebo control group was not contemplated. A
secondary aim was to compare the three therapeutic alternatives—conventional therapy
versus ACE inhibitors versus calcium antagonists in terms of their effect on cardiovascular
mortality.

The scientific background and rationale of STOP-Hypertension-2 have already been
described in some detail, as has a progress report focusing on the similar antihypertensive
efficacy of the three therapeutic modalities (9,10).

II. METHODS

Baseline values in the study population at randomization are given in Table 3. The PROBE
design (11) (Prospective Randomized Open Blinded Endpoint) was used, which is similar
to routine clinical practice. Patients were randomized to one of three groups. In the first
group they received conventional antihypertensive therapy, using diuretics or beta-block-
ers. Exactly the same drugs as in STOP-Hypertension (4) were used, that is, atenolol

Table 2 Endpoints in the STOP-Hypertension-2 Study

Primary endpoint
Fatal cardiovascular disease
Secondary endpoints
Fatal � nonfatal strokes and myocardial infarcts � other cardiovascular mortality
Diabetes mellitus
Atrial fibrillation
Congestive heart failure

Abbreviation: STOP, Swedish Trial in Old Patients.
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Table 3 STOP-Hypertension-2: Baseline Characteristics at Randomization (Mean Values and %)

Conventional ACE Calcium
All therapy inhibitors antagonists

Patients (n) 6614 2213 2196 2205
Age (years) 76.5 76.5 76.6 76.4
Males (%) 33.2 32.0 33.7 34.0
Recruited from

STOP-Hypertension (%) 6.2 5.8 6.2 6.7
Supine BP (mm Hg) 194/98 194/98 194/98 194/98
Standing BP (mm Hg) 187/101 187/101 187/101 187/101
BMI (kg/m2) 26.7 26.7 26.7 26.7
S-cholesterol (mmol/L) 6.4 6.4 6.4 6.5
S-triglycerides (mmol/L) 1.7 1.7 1.7 1.7
B-glucose (mmol/L) 5.6 5.6 5.6 5.5
Smokers (%) 9.0 8.8 9.4 8.8
History of

Myocardial infarction (%) 3.1 3.3 2.7 3.4
IHD (%) 8.0 8.4 9.4 8.8
Stroke (%) 3.9 4.0 3.9 3.8
CHF (%) 1.9 1.5 2.3 2.0
Atrial fibrillation (%) 4.7 4.7 5.3 4.1
Other CVD (%) 5.1 5.2 5.2 4.8
Diabetes mellitus (%) 10.9 11.4 10.7 10.5

Abbreviations: STOP, Swedish Trial in Old Patients; BMI, body mass index; BP, blood pressure; IHD, ischemic
heart disease; CHF, congestive heart failure; CVD, cardiovascular disease. (From Ref. 8.)

or metoprolol CR or pindolol or the fixed-ratio combination of hydrochlorothiazide plus
amiloride (Moduretic). In the second group, two ACE inhibitors were used, enalapril
or lisinopril, and in the third group two calcium antagonists, felodipine or isradipine were
used. The choice between the two ACE inhibitors or the two calcium antagonists was
not randomized, nor was the allocation to any of the beta-blockers or the diuretic in the
conventional treatment group.

The aim was to reach a supine blood pressure of 160/95 mm Hg or below. If this
goal was not achieved with the first step of medication supplementary treatment was given
(8). All endpoints were assessed by an independent endpoint committee, using strict and
prespecified criteria for the approval of endpoints (9). The members of this committee
were blinded to the treatment and the blood pressure levels of the patients with reported
endpoints. Randomly selected centers were audited by an independent auditor.

The study was designed to have a statistical power of 90% to detect a 25% difference
in cardiovascular mortality in a two-sided test at 5% significance between patients treated
with conventional therapy or newer agents. This would provide an 80% power to detect
a similar difference between any of the three therapeutic alternatives. As it turned out,
there were more primary endpoints than expected and there was actually sufficient statisti-
cal power at the 80% level to show a 20% superior effect with any of the therapies, had
there been one.

Analysis was by intention to treat. Cox regression analysis used time since random-
ization as a nonparametrically modeled time variable. The model adjusted for gender, for
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Table 4 Supine Blood Pressure (mm Hg)

Conventional ACE inhibitors Calcium antagonists

Randomization 194/98 194/98 194/98
1 month 173/88 174/89 172/88
6 months 165/85 167/86 167/85

12 months 165/85 167/86 167/85
24 months 163/84 164/84 165/84
36 months 161/83 163/83 163/82
48 months 161/82 162/82 162/82
54 months 158/81 159/81 159/80

Abbreviation: ACE, angiotensin-converting enzyme.
(From Ref. 8.)

baseline values of age and diastolic blood pressure, and for baseline status of diabetes
and smoking. All calculations used Stata software (version 5).

III. RESULTS

A. Effect on Blood Pressure

The three therapeutic regimens were virtually identical in their blood pressure-lowering
effect (Table 4).

B. Adverse Events

The reported adverse events, based on a 40-item questionnaire used at every visit, are
summarized in Table 5. Adverse events are reported as the percentage of patients in each

Table 5 Percentage of Patients Reporting Adverse Events

Conventional ACE Calcium
therapy inhibitors antagonists

Dyspnea 11.8 7.3 8.5
Palpitations 2.9 5.3 7.9
Flushing 1.6 2.2 9.7
Headaches 5.7 7.7 10.0
Cold hands and feet 9.1 3.3 2.5
Bradycardia 3.7 0.8 1.4
Nightmares 5.8 1.4 2.0
Dry mouth 4.4 2.0 2.7
Ankle edema 8.5 8.7 25.5
Insomnia 4.3 1.8 2.3
Dry cough 3.7 30.1 5.7
Vertigo 27.8 27.7 24.5

Twelve of the most commonly reported side effects symptoms during the study. Symptoms that were present
at randomization have not been included unless they reappeared at visit number six or later.
Abbreviation: ACE, angiotensin-converting enzyme.
(From Ref. 8.)
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Fig. 1 Relative risk of cardiovascular mortality and morbidity for the newer drugs versus the
conventional drugs. (From Ref. 8.)

of the three treatment groups who, at any time during the trial, reported the respective
adverse event. To facilitate the presentation of these data, only the 12 most frequently
reported adverse events or symptoms have been listed. Symptoms present at the time of
randomization have not been included, unless they reappeared at visit number six or later.
Extensive analysis of adverse effects will be presented in a separate publication.

C. Effect on Endpoints

Fatal cardiovascular events, the primary endpoint, occurred in 221 patients in the group
treated with conventional therapy (19.8 per 1000 patient-years) and in 438 patients in the
group treated with newer agents (19.8 per 1000 patient-years); relative risk 0.99 (95%
confidence interval [CI] 0.84–1.16, P � 0.89).

Among the above-mentioned 438 fatal cardiovascular events, 226 occurred in pa-
tients taking ACE inhibitors (20.5 per 1000 patient-years) and in 212 patients taking cal-
cium antagonists (19.2 per 1000 patient-years); the relative risks in comparison with con-
ventional therapy were 1.01 (95% CI 0.84–1.22, P � 0.89) and 0.97 (95% CI 0.80–1.17,
P � 0.72), respectively. The relative risk in the ACE inhibitor group, when compared
with the calcium antagonist group, was 1.04 (95% CI 0.86–1.26, P � 0.67).

Fatal cardiovascular events in the three therapy groups, compared two at a time, are
shown in Figures 1 to 4.

The combined endpoint of fatal and nonfatal stroke and fatal and nonfatal myocar-
dial infarction plus other cardiovascular mortality occurred in 460 patients treated with

Fig. 2 Relative risk of cardiovascular mortality and morbidity for the ACE inhibitors versus the
conventional drugs. (From Ref. 8.)



504 Hansson and Lindholm

Fig. 3 Relative risk of cardiovascular mortality and morbidity for the calcium antagonists versus
the conventional drugs. (From Ref. 8.)

conventional therapy (44.1 per 1000 patient-years) and in 887 patients treated with newer
agents (42.8 per 1000 patient-years); relative risk 0.96 (95% CI 0.86–1.08, P � 0.49).

Of the 887 patients with the combined endpoint while taking newer therapy, 437
occurred in the ACE inhibitor group and 450 in the calcium antagonist group. The relative
risks in comparison with conventional therapy were 0.94 (95% CI 0.82–1.07, P � 0.32)
and 0.99 (95% CI 0.87–1.12, P � 0.85), respectively. The relative risk for patients treated
with ACE inhibitors, as compared with those given calcium antagonists, was 0.95 (95%
CI 0.83–1.08, P � 0.42).

This combined endpoint in the three therapy groups, compared two at the time, is
shown in Figures 1 through 4.

No difference was seen in the incidence of fatal and nonfatal stroke between the
three therapeutic regimens, nor was there any difference in the incidence of myocardial
infarction when comparing conventional therapy against the other two regimens. However,
there were significantly fewer fatal and nonfatal myocardial infarctions during ACE inhibi-
tor treatment as compared with calcium antagonist treatment (12.8 per 1000 patient-years
vs 16.7 per 1000 patient-years); relative risk 0.77 (95% CI 0.61–0.96, P � 0.018). Linked
to this, and statistically not independent, there was also a lower incidence of congestive
heart failure in the ACE inhibitor arm as compared with the calcium antagonist arm.

Total mortality and other secondary endpoints, such as the incidence of diabetes
mellitus, atrial fibrillation, and congestive heart failure are shown in Figures 1 through 4.

Fig. 4 Relative risk of cardiovascular mortality and morbidity for the ACE inhibitors versus the
calcium antagonists. (From Ref. 8.)
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The incidence of fatal and nonfatal cancer will be analyzed in detail and compared
with the data of the National Cancer Register in Sweden. This will take the form of a
special report.

IV. DISCUSSION

In this prospective intervention trial in 6614 elderly hypertensive patients, none was lost
to follow-up. This was also the case in STOP-Hypertension (4), but the present trial was
considerable longer and recruited more than four times as many patients.

More primary endpoints than expected were obtained, resulting in a statistical power
of 94.6%, rather than the intended 90% for the principal analysis. Treatment with conven-
tional antihypertensive agents, such as diuretics and beta-blockers, reduced blood pressure
equally well as the newer classes of compounds, ACE inhibitors, and calcium antagonists.
The prevention of cardiovascular mortality, the primary endpoint of the study, was also
virtually identical when comparing the different therapies, the relative risks when compar-
ing the various therapeutic alternatives being between 0.97 and 1.04 with narrow confi-
dence intervals.

The fact that all the three therapies showed virtually no difference in their ability
to prevent cardiovascular mortality and major cardiovascular morbidity is in agreement
with the previously published Captopril Prevention Project (CAPPP), which showed no
difference in major cardiovascular events in 11,018 hypertensive patients randomized to
treatment with either conventional antihypertensive agents or an ACE inhibitor-based regi-
men (12). In CAPPP, there was some suggestion that an ACE inhibitor-based therapy
might be less protective against stroke than conventional treatment with diuretics or beta-
blockers (12). Although a plausible explanation that this was not the case was provided,
it is reassuring that the present trial found no difference between the three therapeutic
regimens in their protective effect against stroke.

The finding that calcium antagonists were not less effective than diuretics/beta-
blockers in preventing cardiovascular events is a new observation. Previous intervention
trials in hypertension in which calcium antagonists have been shown to reduce cardiovas-
cular morbidity have all been comparisons with placebo (6,7,13).

The observation that fatal and nonfatal myocardial infarctions and congestive heart
failure occurred at a significantly lower rate in patients treated with ACE inhibitors than
in those receiving calcium antagonists can be seen as supporting the published results
from the substudy of the Adequate Blood Pressure Control in Diabetes (ABCD) study
(14). However, this observation should be interpreted with some caution, as 48 statistical
comparisons were performed. Thus, the possibility of a chance finding cannot be excluded.
In no other regard did the calcium antagonists prevent cardiovascular events less effec-
tively than conventional antihypertensive agents or ACE inhibitors. This finding should
put an end to any remaining concerns about safety of calcium antagonist when used appro-
priately, an opinion that has already been put forward (15,16).

It can be concluded that the STOP-Hypertension-2 results add information to the
already accepted view that elderly hypertensive patients benefit from antihypertensive
treatment in terms of showing reduced cardiovascular morbidity and mortality. Both older
antihypertensive agents, such as diuretics and beta-blockers as well as newer agents, such
as ACE inhibitors and calcium antagonists are useful in this regard. The choice between
the various alternatives will obviously have to be related to other factors such as cost,
side effects, and comorbid conditions. All these factors will be addressed in future papers
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based on the STOP-Hypertension-2 database. Thus, the preparation of reports on health
economy aspects, cancer morbidity and mortality, and a detailed adverse events analysis
have already been initiated. The report on adverse events will obviously also list these in
relation to the ‘‘on-treatment’’ incidence, which may be more relevant than the ‘‘intention-
to-treat’’ incidence provided here.
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Dahlöf B, de Faire U, Mörlin C, Karlberg BE, Wester PO, Björck J-E, for the Captopril Preven-
tion Project (CAPPP) Study Group. Effect of angiotensin-converting-enzyme inhibition com-
pared with conventional therapy on cardiovascular morbidity and mortality in hypertension:
the Captopril Prevention Project (CAPPP) randomised trial. Lancet 1999; 353:611–616.

13. Gong L, Zhang W, Zhu Y, Zhu J, 11 collaborating centres in the Shanghai area, Kong D, Pagé
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I. INTRODUCTION

The Controlled ONset Verapamil INvestigation of Cardiovascular Endpoints (CON-
VINCE) trial is a randomized, double-blind, parallel-group, two-arm, actively controlled,
multicenter, international, 5-year clinical trial involving 16,602 hypertensive patients with
at least one additional cardiovascular risk factor. The CONVINCE trial was designed to
compare the rate of fatal or nonfatal myocardial infarction (MI), fatal or nonfatal stroke,
or cardiovascular disease-related death in two antihypertensive treatment regimens. One
treatment arm begins with Controlled Onset Extended Release (COER)-verapamil,
which has its major antihypertensive effect 6 to 12 hours after administration. The other
(‘‘standard of care,’’ SOC) arm begins with either hydrochlorothiazide (HCTZ) or ateno-
lol, one of which is preselected by the investigator for an individual patient before random-
ization.

The enrolled patient population included hypertensive (blood pressure [BP] � 140/
90 on two occasions, or taking antihypertensive drug therapy) men or women, at least 55
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years of age, with an established second risk factor for cardiovascular disease. Initial
medications were: COER-verapamil (180 mg/day), HCTZ (12.5 mg/day), or atenolol (50
mg/day). Initial doses were doubled if BP did not reach goal (systolic BP � 140 mm and
diastolic BP � 90 mm Hg). If BP was not controlled by the higher dose of the initial
medication, HCTZ was added to COER-verapamil, or the SOC choice not initially selected
was added in the SOC arm. An angiotensin-converting enzyme (ACE) inhibitor was rec-
ommended (although nearly any open-label medication was allowed) as the third step for
patients whose BP was not adequately controlled, or if there was a contraindication to
one of the two SOC medications. Patients take two sets of tablets daily, one in the morning
and one in the evening. Although most patients switched from an established antihyperten-
sive medication to randomized treatment, untreated patients with stages I to III hyperten-
sion (systolic blood pressure [SBP] between 140 and 190, or diastolic blood pressure
[DBP] between 90 and 110 mm Hg) were also eligible. Outcomes were monitored by an
independent data and safety monitoring board. Enrollment began in 1996, finished in 1998,
and follow-up is expected to be completed in 2002.

II. OBJECTIVES OF CONVINCE

The primary and secondary objectives of CONVINCE are shown in Table 1. The CON-
VINCE trial is unusual in that its power calculation is based on the principle of demonstrat-
ing ‘‘equivalence’’ of the two therapeutic regimens in preventing the primary endpoint:
nonfatal MI, nonfatal stroke, or cardiovascular disease-related death, whichever occurs
first for a given patient. The secondary objectives of CONVINCE include both efficacy
(#1 to 5 of Table 1) and safety issues (#5 to 13 of Table 1).

III. STUDY PROTOCOL

The design of CONVINCE is illustrated in Figure 1 (1). Eligible patients were randomized
in a 1:1 ratio to either the COER-verapamil or SOC arm. Before randomization, the inves-
tigator decided which of two SOC drugs (HCTZ or atenolol) he or she thought was the
better choice for that individual patient, should the patient be assigned to the SOC arm.

Randomization was stratified by clinical site and SOC choice within site. To main-
tain the double-blind nature of the study, a double dummy strategy was used: patients
initially received two bottles of blinded tablets, one containing placebo and the other active
medication. The SOC tablet (or matching placebo) was taken in the morning; the COER-
verapamil tablet (or matching placebo) was taken at bedtime.

After randomization, patients were monitored monthly until goal BP (� 140 mm
Hg systolic AND � 90 mm Hg diastolic) was achieved. If not, the dose of initial medica-
tion was doubled (step I, level 2; see Fig. 1). If goal BP was not achieved after a further
month of blinded therapy, another blinded medication was added (step II, level 1): HCTZ
� COER-verapamil or both SOC agents. The dose of the added medication may be dou-
bled (step II, level 2) after a further month if BP remained uncontrolled.

Open-label medication may be added if blinded study medication was not tolerated,
or if goal BP was not achieved, with step II medication. An ACE inhibitor was recom-
mended as the initial open-label or step III drug. For patients with a history of cough or
other problem with an ACE inhibitor, any antihypertensive medication was acceptable
other than a nondihydropyridine calcium antagonist, beta-blocker, or thiazide diuretic. If
step III treatment did not control the patient’s BP, the investigator could switch to another
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Table 1 Primary and Secondary Objectives of CONVINCE

Primary objective: To compare regimens starting with either COER-verapamil or a JNC-V-
defined SOC drug (HCTZ or atenolol) for the prevention of the combined endpoint of nonfatal
MI, nonfatal stroke, or cardiovascular disease-related death over a 5-year average period of
follow-up.
Secondary objectives: To compare the two regimens for:

1. fatal or nonfatal stroke
2. fatal or nonfatal MI
3. death from cardiovascular disease
4. primary endpoints occurring between 6:00 am and 12:00 noon.
5. nonfatal MI, nonfatal stroke, cardiovascular disease-related death, or hospitalization caused

by one of the following: coronary artery revascularization or heart transplant, transient
ischemic attack or carotid endarterectomy, angina pectoris, congestive heart failure,
accelerated or malignant hypertension, renal failure (acute or chronic), or renal artery
revascularization

6. all-cause mortality
7. incidence of cancer (excluding nonmelanoma skin cancers)
8. hospitalization because of bleeding (except intracerebral bleeding)
9. serious adverse events (as defined by the U.S. FDA)

In addition, because of concerns about safety and tolerability of the agents being studied,
comparisons across regimens are planned for:
10. multiple event profiles over the course of the study*
11. proportion of patients using each step of treatment
12. average BPs and the proportion of patients at or below goal BP at each follow-up visit
13. the occurrence of withdrawal from blinded medication at each step of treatment.

* This secondary objective provides for statistical evaluation of patients who suffer sequential events (e.g., a
nonfatal stroke followed by a nonfatal MI the next day, and an extension of the infarction 2 weeks later). The
Kaplan-Meier method of comparing time-to-event curves censors all data after the first qualifying event, which
necessitates a different method of comparing overall event rates.
Abbreviations: CONVINCE, Controlled ONset Verapamil INvestigation of Cardiovascular Endpoints; COER,
controlled onset extended release; JNC, Joint National Committee; SOC, standard of care; HCTZ, hydrochlorothi-
azide; MI, myocardial infarction; FDA, Food and Drug Administration.

step III agent, increase the dose of the previously chosen agent, or add another open-label
agent. If an agent that could be added at step II was contraindicated, step II could be
omitted and open-label medication added to the step I regimen.

IV. ANALYSIS OF SAMPLE SIZE CALCULATIONS
AND POWER ESTIMATES

The CONVINCE trial is a direct comparison of a proven versus a newer pharmacological
agent with a chronobiologically based delivery system (2, 3). It followed the new paradigm
for large, simple trials (4), that is, data collection is minimal and focused on the clinical
endpoints of interest, and sample size was chosen to ensure that moderate differences
between COER-verapamil and SOC in the primary endpoint would be ruled out if no
significant difference was found between treatment groups. The analysis and monitoring
plans are based on confidence intervals of the treatment hazard ratio (COER-verapamil
vs SOC).
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Fig. 1 Outline of treatment regimens for the Controlled ONset Verapamil INvestigation of Cardio-
vascular Endpoints (CONVINCE) trial. Note that if either hydrochlorothiazide (HCTZ) or atenolol
is contraindicated, step II can be skipped (and the contraindicated medication would be omitted in
step III treatment). There are two dose levels in each step of treatment.

A. Sample Size

Two key parts of the sample size calculation are the efficacy of the SOC regimen and the
treatment difference between regimens to be detected. Several sources were used to esti-
mate the former:

1. The meta-analysis of Collins et al. (5) indicated that BP treatment was associ-
ated with a 42% reduction in the odds of fatal/nonfatal stroke and a 14% reduction in the
odds of fatal/nonfatal coronary heart disease (CHD), based on 773 strokes and 1442 coro-
nary events. Combining these two endpoints by weighting the separate odds ratios by the
number of events results in a 25% reduction in the odds of fatal/nonfatal stroke or CHD.
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2. Since the overview by Collins et al. and the design of CONVINCE, three large
placebo-controlled trials in the elderly were published (6–8) that have a pooled reduction
in the odds of fatal/nonfatal cardiovascular disease (CVD) of 27.5%. If these three trials
are combined with the overview of Collins et al., the pooled reduction is 26%.

3. These results do not specify the type of antihypertensive treatment. All but one
(9) of these trials have used either a diuretic or beta-blocker initially. Our estimates for
the odds of fatal/nonfatal CVD reduction for individual therapies agree with those of Psaty
et al: (10) diuretic 28%; beta-blocker 12%; but far fewer trials using beta-blockers as
initial therapy have been performed (11). If the choice of SOC in CONVINCE is estimated
at 75% HCTZ and 25% atenolol, the weighted percentage reductions in the odds of fatal/
nonfatal CVD is 24%.

This review of the clinical efficacy of SOC treatment led us to estimate that SOC
would reduce the primary endpoint of CONVINCE by 24% to 28%, compared with no
treatment.

The alternative hypothesis for the study was specified to ensure that a 50% loss of
this efficacy of SOC with COER-verapamil (12% to 14%) could be detected with a high
probability. This corresponds to a hazard ratio of COER-verapamil versus SOC between
1.16 (0.88/0.76) and 1.19 (0.86/0.72). For purposes of sample size, because the stated
hypothesis is two-sided, for the alternative hypothesis, we considered alternatives ranging
from 0.84 (1/1.19) to 0.86 (1/1.16) for the hazard ratio.

B. Other Sample Size Assumptions

1. The 5-year estimated CVD event rate in the SOC group is between 12.5 and
17.5%. In the Systolic Hypertension in the Elderly Program (SHEP), the 5-year SOC event
rate was 8.9%. In an overview of nine trials in the elderly with few baseline CVD risk
factors, there were 572 coronary or stroke events in approximately 32,000 years of follow-
up (1.8 per 100 person-years). This gives an estimated 5-year rate of 8.5%. Because CON-
VINCE required at least one other CVD risk factor, we assumed the SOC event rate would
be at least one third and possibly up to twofold higher, than this estimate. We also assumed
that the event rate in the SOC group would increase by 6% each year.

2. The minimum follow-up was 4 years for each participant.
3. Enrollment was completed in 2 years; thus, the average period of follow-up

was 5 years and some participants will be followed up for as long as 6 years.
4. Noncompliance to COER-verapamil was estimated at 7.5% in the first year and

3% each subsequent year. This rate of noncompliance was observed in the Treatment of
Mild Hypertension Study (TOMHS) for the calcium antagonist, amlodipine (12).

5. Losses to follow-up for reasons other than death resulting from non-CVD were
estimated at 1% per year.

6. Losses to follow-up because of non-CVD mortality were estimated at 1% per
year, which was the rate in STOP-Hypertension, SHEP, and MRC studies (6–8).

7. No adjustments were made for noncompliance, as these rates were based on
intent-to-treat analyses from the trials used. We assumed the level of compliance to SOC
in CONVINCE should be similar to that observed in other hypertension trials in the el-
derly.

Table 2 gives sample size estimates for three hypothesized relative risk estimates
(0.84, 0.85, and 0.86) and for three estimates of the 5-year fatal/nonfatal CVD event rate
in the SOC group (12.5%, 15%, and 17.5%), based on a computer program developed by
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Table 2 Sample Size for Two Groups (and Power for a Combined Sample Size of 15,000)
for Three Levels of the 5-Year Event Rate in the SOC Group and for Three Hypothesized
Relative Risks

Sample size* (power for 2N � 15,000)

Hypothesized relative risk† 5-year event rate in SOC (%)
(COER-verapamil/SOC) 12.5 15.0 17.5

0.84 12,143 (0.88) 10,098 (0.93) 8,637 (0.96)
0.85 13,887 (0.83) 11,550 (0.89) 9,879 (0.93)
0.86 16,024 (0.77) 13,328 (0.84) 11,402 (0.90)

* Type I error � .05 (two-sided); power � 0.80; 10% lost to follow-up; 19.5% noncompliance to verapamil.
† Before consideration of noncompliance to COER-verapamil.
Abbreviations: SOC, standard of care; COER, controlled onset extended release.

Shih and Lakatos (13, 14). Power estimates are given in parentheses, assuming a combined
sample size of 15,000.

In summary, if the 5-year event rate is 15% in the SOC group, CONVINCE is
powered at 0.84 to detect a relative risk of 0.86 with 15,000 patients. The target number
of events for this set of parameters is 2024. After taking into account noncompliance to
COER-verapamil, losses, and the pattern of events in the SOC group, the realized relative
risk corresponding to this set of parameters is 0.89. Thus, CONVINCE is very well pow-
ered to detect small, but clinically meaningful, treatment differences.

C. Planned Analysis and Monitoring

The approach to establishing equivalence is based on confidence intervals of the hazard
ratio (COER-verapamil vs SOC) as described by Fleming (15). For interim analyses, the
Lan-DeMets implementation (16) of the O’Brien-Fleming guideline (17) is used to formu-
late repeated confidence intervals. This approach allows for flexibility in frequency of
interim analyses. It requires specification of the number of events in advance, which was
originally estimated at 2024 for CONVINCE.

Monitoring guidelines are based on these confidence intervals. If the lower limit of
the adjusted interval lies above 1.0, COER-verapamil would be inferior to SOC, as it is
associated with greater risk of a primary endpoint. If the upper limit lies below 1.00,
COER-verapamil is superior. If the interval includes 1.00 and is narrow, with its upper
limit below 1.16 and its lower limit above 0.86, the treatment would be equivalent. If the
interval contains 1.00 but is broader than that above, then the comparison is inconclusive.

D. Modifications to Original Sample Size

In the course of its regularly scheduled meetings, the CONVINCE data and safety monitor-
ing board (DSMB) has assessed the progress of CONVINCE in meeting its various goals,
including recruitment and statistical power. Because of a higher than originally anticipated
rate of withdrawal from blinded study medications, the CONVINCE executive committee
(on the recommendation of the DSMB) increased the number of enrolled patients to
16,600, and the target number of events to 2246. This upward adjustment of the numbers
of patients and events needed was expected to maintain the statistical power of the study
as originally planned. Although this modification of the original sample size obviously



CONVINCE Trial 515

increased the cost and possibly the length of the study, it was implemented to assure
appropriate statistical power in this equivalence study, which obviously would be threat-
ened by an unanticipated increase in the numbers of patients not taking blinded study
medication, which tends to bias toward the null hypothesis. Should the necessary numbers
of events not occur by the planned end of the trial, the additional approach of increasing
the average time of follow-up for patients could be implemented.

V. ELIGIBILITY CRITERIA FOR CONVINCE

The CONVINCE trial was designed according to the paradigm of the large simple trial
(4) to maximize enrollment and generalizability of the conclusions to usual clinical prac-
tice, and to minimize exclusions, inconvenience, and cost of the study. Essentially any
hypertensive person who has achieved his/her 55th birthday and has one additional tradi-
tional cardiovascular risk factor is eligible (see Table 3 for a list of inclusion and exclusion
criteria). The exclusion criteria are simple, straightforward, and expected for a study that
randomizes patients to blinded therapy with either verapamil, atenolol, or hydrochlorothia-
zide.

VI. MAIN RESULTS

The results of CONVINCE are expected in 2002. Preliminary data from the 16,602 patients
enrolled in CONVINCE by 661 centers in 15 countries over 809 days have been presented
(18). The participating population has an average age of 65.6 (� 7.4 SD) years; 55.8%
were women; 83.5% were taking antihypertensive drug therapy at randomization. Eighty-
five percent were white, 7.3% black, 5.6% Hispanic, 1.7% Asian, and 0.5% ‘‘other eth-
nicity.’’ Average BP at enrollment was 150.0/86.6 mm Hg but was significantly higher
among those not taking antihypertensive drug treatment (160.7/93.7 mm Hg). Atenolol
or HCTZ was chosen as the standard-of-care choice for 52.3% or 47.7% of the patients,
respectively. The percentages of patients with each concomitant traditional risk factor for
cardiovascular disease were: overweight (� 25% over ideal body weight or body mass
index [BMI] � 28.5 kg/m2, 49.7%), dyslipidemia (31.7%), cigarette use (22.6%), diabetes
(19.8%), known vascular disease (17.1%), left ventricular hypertrophy (11.7%), previous
MI (7.8%), vascular bruit (4.9%), previous stroke (4.7%), or previous transient ischemic
attack (2.1%). Fully 48.9% of the patients had more than one traditional cardiovascular
risk factor (excluding hypertension and gender) at randomization.

VII. WHY CONVINCE WAS DONE

There are four major reasons why CONVINCE was done: (1) to provide evidence for a
specific, novel formulation of a widely used calcium antagonist as an effective preventive
agent against MI, stroke, or cardiovascular death in high-risk hypertensive patients; (2)
to provide evidence from randomized, multicenter clinical trials that addresses suggestions
from epidemiological and case-control studies that calcium antagonists are associated with
an increased risk of MI, death, bleeding, or cancer; (3) to provide evidence that chronother-
apeutically oriented blood pressure lowering may reduce the increase in cardiovascular
events seen during the early morning hours; and (4) modern technology had matured to
the point where it became feasible and economically possible to plan and launch this large,
simple effectiveness trial for a chronic disease such as hypertension.



Table 3 Inclusion and Exclusion Criteria for CONVINCE

Inclusion Criteria for CONVINCE
1. Age � 55 years
2. Current treatment for hypertension or diagnosed with hypertension: either

Currently taking antihypertensive medication(s) for at least the last 2 months AND have
SBP � 175 mm Hg and DBP � 100 mm Hg at the qualifying visit

OR
Not taking antihypertensive medications OR medications for less than 2 months AND have
140 � SBP � 190 mm Hg or 90 � DBP � 110 mm Hg at the qualifying visit

3. Presence of at least one of the following conditions:
History of MI � 12 months before randomization
History of stroke � 6 months before randomization
History of cigarette use (current or within the last 3 years)
Type II diabetes mellitus (fasting plasma glucose � 140 mg/dL, [�7.8 mmol/L] on two

occasions, or nonfasting plasma glucose � 200 mg/dL [� 11.1 mmol/L])
Left ventricular hypertrophy by echocardiogram or electrocardiogram (either of which is

already on file)
Low HDL (� 35 mg/dL [� 0.9 mmol/L]), high LDL (� 159 mg/dL [� 4.11 mmol/L]),

or high total cholesterol (� 250 mg/dL [� 6.46 mmol/L]) on two occasions in the 5 years
prior to randomization

History of transient ischemic attack with hospitalization
Body weight � 25% above ideal
Presence of any known atherosclerotic vascular disease
Presence of a vascular bruit

4. Written informed consent must be obtained before admission to CONVINCE
Exclusion Criteria for CONVINCE

1. History of congestive heart failure, NYHA classification II–IV
2. Cardiac dysrhythmias requiring medical treatment (such as beta-blocker, a calcium channel

blocker, or other antiarrhythmic)
3. Secondary hypertension from any cause (such as pheochromocytoma, coarctation of the

aorta, or renal insufficiency)
4. Sick sinus syndrome, heart block greater than first degree, bradycardia (heart rate � 55

BPM), or presence of Wolff-Parkinson-White or Lown-Ganong-Levine syndrome
5. Other contraindications to either COER-verapamil or BOTH HCTZ AND atenolol. A person

with contraindication to either HCTZ or atenolol is eligible
6. Working an evening, night, or alternating shift
7. Known MI within 12 months or stroke within 6 months of randomization date
8. Known renal impairment (serum creatinine � 2.0 mg/dL [� 177 µmol/L] or creatinine

clearance � 30 ml/min)
9. Factors suggesting noncompliance with the protocol, such as current alcohol or drug abuse,

clinical dementia, or history of missing appointments or doses
10. A disease likely to cause death within 5 years, such as untreated malignancy
11. The investigator’s clinical judgment that the patient will not achieve adequate BP control

using a three-drug regimen (diuretic, verapamil, or beta-blocker, and one other agent)
12. Any patient currently not receiving antihypertensive medication with SBP � 190 mm Hg or

DBP � 110 mm Hg
13. Any patient with a medical condition at screening requiring treatment with any of the

specific study medications (HCTZ, verapamil, or atenolol)
14. Previous admission to the study
15. Participation in another clinical trial of antihypertensive medications within 30 days of

randomization

Abbreviations: CONVINCE, Controlled ONset Verapamil INvestigation of Cardiovascular Endpoints; SBP, sys-
tolic blood pressure; DBP, diastolic blood pressure; MI, myocardial infarction; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; NYHA, New York Heart Association; BPM, beats per minute; HCTZ, hydrochloro-
thiazide.
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A. Do Calcium Antagonists Reduce Cardiovascular
Morbidity/Mortality?

At the time that CONVINCE was planned, there was genuine equipoise in the scientific
and medical community about whether any of the antihypertensive agents besides diuretics
or beta-blocking agents were effective in primary prevention of cardiovascular events,
including acute MI, stroke, or cardiovascular disease-related death. The Fifth Report of
the Joint National Committee on Detection, Evaluation, and Treatment of High Blood
Pressure preferred diuretics or beta-blockers and considered other (generally newer) agents
to be alternative therapies (19). This distinction (although not the nomenclature) was reaf-
firmed in Joint National Committee (JNC) VI with reference to ‘‘uncomplicated hyperten-
sion’’ (20). At the time that CONVINCE was designed, very little evidence existed that
calcium antagonists could reduce morbidity or mortality from cardiovascular events, de-
spite their widespread clinical use for angina pectoris or hypertension (21). Many authori-
ties decried the situation seen for many antihypertensive drugs: there appears to be an
inverse relationship between revenue from sales and benefits demonstrated in clinical tri-
als. Although this may be changing (22), concern still flourished that the newer agents
typically have more heavily advertised putative advantages but fewer long-term studies
demonstrating benefits in the important outcomes of cardiovascular morbidity or mortality.

Since 1995 (when CONVINCE was planned), several long-term, randomized studies
have shown both primary and secondary prevention of cardiovascular events with calcium
antagonists. For ethical reasons, only two of these studies have been placebo-controlled
(23, 24), nearly all the others have active control arms, typically using one traditional
treatment strategy. In the largest trial of active antihypertensive drug therapy to date,
nearly 19,000 patients were treated to one of three diastolic BP goals: 90 mm Hg or lower,
85 mm Hg or lower, or 80 mm Hg or lower. Contrary to the hypothesis that BP must
have a point below which further lowering is harmful, the Hypertension Optimal Treat-
ment (HOT) study showed no significant worsening of prognosis in those with the lowest
treatment goal; indeed, in diabetics, the best results were obtained with the diastolic BP
of 80 mm Hg or lower (see Chapter 15). Although this study was not designed to test
the efficacy of a calcium antagonist-based treatment regimen in reducing cardiovascular
morbidity or mortality, follow-up had to be lengthened substantially because the rate of
cardiovascular events in the treated patients was much lower than anticipated. This study
supports the initial choice of calcium antagonists in reducing cardiovascular morbidity
and mortality [especially in diabetic hypertensives (25)], although two smaller studies
pitting an initial calcium antagonist against an ACE inhibitor noted worse outcomes in
the diabetics randomized to the former (26, 27). The potential role of calcium antagonists
in secondary prevention has been even less well explored in clinical trials in patients with
angina pectoris, previous MI, or known cardiovascular disease. Although amlodipine has
shown promise in subgroup analyses in recent trials in heart failure (28) or recurrent
coronary ischemic events (29), the nondihydropyridine calcium antagonists, verapamil
(30–33) or diltiazem (34, 35) have improved prognosis after an initial MI (36, 37).

B. Are Calcium Antagonists Safe in Long-Term Use?

For at least 3 years beginning on March 11, 1995, public and media attention was repeat-
edly drawn to multiple reports from epidemiological and case-control studies suggesting
that, apart from not having shown the expected reduction in cardiovascular morbidity and
mortality in hypertensive patients, calcium antagonists were actually associated with an
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increased risk of acute MI (38), death (39), bleeding (40), or cancer (41–43). This issue
has been intensely debated (44–52), with accusations of conflicts of interest (53) and
media manipulation by special interest groups (54), and has resulted in a moratorium being
placed on further publications on this topic in some journals until and unless prospective
data are gathered (55). Because approximately 28% of hypertensive Americans are cur-
rently taking calcium antagonists, the interests of the public health would be well served
if this question could be easily answered, soon. As is perhaps typical of alarming medical
news, later contradictory reports, which tend to be reassuring to the population, garner
less media attention.

The Antihypertensive and Lipid Lowering [Prevention of] Heart Attack Trial (ALL-
HAT), the largest trial of antihypertensive agents so far undertaken, will provide some of
the prospective, randomized clinical trial data needed to address these important questions
about the safety of calcium antagonists (see Chapter 22) (56). However, only 20% or less
of the enrolled patients are likely to receive amlodipine for 5 years; the expected incidence
of bleeding, cancer, or death from other causes is expected to be small and, therefore, of
limited statistical power (57). The planned analyses of the WHO/ISH Collaborative Clini-
cal Trialists will certainly be helpful (22), but there may be differences in homogeneity
among these trials because of the different pharmacology of the dihydropyridine and non-
dihydropyridine calcium antagonists [verapamil is often given before chemotherapy for
its putative benefits in reducing the emergence of drug-resistant clones of cancer cells
(58)]. Thus, data derived from a blinded, randomized clinical trial to assess the long-term
safety of verapamil, a very widely used agent for many cardiovascular and other condi-
tions, will be welcome.

C. Is Chronotherapeutics a Useful Concept for Preventing
Cardiovascular Events?

A third reason CONVINCE was done using a novel formulation of verapamil was the
growing body of evidence in support of chronobiology and its importance in many clinical
conditions. The work of Halberg (59), Smolensky (2), Muller (60–62), and others has
made clear that many biological phenomena have a clear circadian variation. Recent meta-
analyses of the world’s literature on acute MI, sudden cardiac death, and stroke have
shown a 40%, 29%, and 49%, respectively, increased risk of these events during the early
morning (6:00 am–12:00 pm) hours (63, 64). Many believe these phenomena, as well as
angina pectoris, silent myocardial ischemia, and cardiac arrest, have their origins in a
similar circadian variation in BP, heart rate, plasma catecholamines, platelet aggregability,
and clotting factors, all of which also peak in the early morning hours (3).

Apart from making this compelling pathophysiological link, the concept of chrono-
biology has recently been extended into ‘‘chronotherapeutics,’’ which can be defined as
an attempt at matching the delivery of a medication to the timing of the illness (2). Thus,
several therapies for asthma reduce the typical nighttime increase in episodes of reactive
airways (65), H2-blockers have improved efficacy and fewer adverse effects when given
at night (when gastric acid secretion is unopposed by buffering food (66), and the first
positive results in the primary prevention of cardiovascular events were obtained when
an HMG-CoA reductase inhibitor was given after dinner, when both the intake and synthe-
sis of cholesterol are maximal (67).

A new preparation of verapamil, the first long-acting calcium antagonist approved
for the treatment of hypertension in the U.S., is based on this principle of chronotherapeu-



CONVINCE Trial 519

tics. COER-verapamil evolved from the Gastro-Intestinal Therapeutic System (GITS) and
incorporates a ‘‘delay-coat’’ into the tablet that prevents gastrointestinal fluid absorption
by the pill until 4 to 8 hours after oral administration (68–70). Taking the tablets at bedtime
effectively prevents delivery of verapamil during the night, when BP is at its nadir, and
leads to maximal plasma levels of verapamil in the early morning hours, when BP and
pulse are the highest of the day. When verapamil is administered by the COER-24 delivery
system to appropriate patients, there is a dose-related lowering of BP (71) and prevention
of angina pectoris (72, 73). One of the important secondary outcomes of great interest in
CONVINCE is the comparison of regimens and their ability to prevent the stroke, MI, or
cardiovascular disease-related death that appears to be greatest in the early morning hours.
It might be predicted that the regimen beginning with COER-verapamil (designed to have
its greatest effect at this time of day) might be more effective in reducing both BP and
heart rate than another medication (e.g., HCTZ or atenolol), which is ingested after arising,
when both BP and heart rate have already nearly peaked (74). To address this question,
all CONVINCE investigators are being asked to provide the time of day of occurrence for
all primary endpoints; this is also the reason for excluding shift workers, whose increase in
BP occurs before their awakening, not at the typical 6:00 am to 12:00 pm period seen in
those who arise between 6:00 am and 8:00 am.

D. Can Large, Simple Trials Be Done Cost Effectively
over the Long-Term in Hypertension?

The concept of performing large, simple trials has been pioneered by the Oxford Group,
typically observing for a short time many thousands of simple to enroll, high-risk patients
into randomized treatment at many clinical sites (4). Obviously, the logistics and cost-
effectiveness of this style of trial are more favorable in secondary prevention (e.g., survi-
vors of acute MI) than in primary prevention, and with only a single intervention (e.g.,
thrombolysis) as compared with sustained treatment. Until recently, when considering a
hypertension study, the many thousand pages of case report forms, the millions of pills
needed, and the thousands of person-hours of monitoring the study were essentially insur-
mountable barriers to all but the most courageous, intrepid, and well-funded agencies.

In this era of evidence-based medicine, it is extremely important to provide proof
of treatment strategies derived not only from the traditional efficacy studies performed by
specialists in research clinics, but also effectiveness studies done by generalist physicians
treating patients in the standard fashion in traditional medical settings. The idea of large
simple trials was pioneered to provide such data (4) but has not been possible to implement
over the long term in primary prevention studies because of the increased cost and com-
plexity. The CONVINCE trial may be one of the first large simple trials of treatment of
a chronic disease that attempts to make the research study: (a) as much like clinical practice
as feasible for a double-blind, randomized trial; (b) maximize recruitment and generaliz-
ability of the conclusions; and (c) minimize exclusion criteria, data to be collected (espe-
cially regarding endpoints), and the ultimate cost of the trial (4).

The CONVINCE trial was designed when a large number of technological steps
made possible a much more cost-effective study design than would have previously been
conceivable. The use of a central computer, accessed by the common telephone keypad
and an interactive voice response system (IVRS), for enrollment, drug dispensing, moni-
toring, and quality assurance has greatly simplified the management of this trial (1). The
IVRS is estimated to have saved approximately 50% of the storage space and 60% of the



520 Elliott et al.

dispensed pills, compared with the traditional single complete package per patient. The
IVRS has taken over much of the day-to-day inventory, dispensing, and quality control
work, which involves six different languages, 15 countries, 12 time zones, and 15 possible
combinations of randomized pills. The initial provision of the physician-directed choice
of HCTZ or atenolol as the SOC choice would have been much more difficult and costly
without the IVRS.

Technological progress has also allowed a great deal of the paperwork associated
with clinical trials to be minimized. The case report forms for CONVINCE have been
streamlined into a maximum of 6 pages, which are transmitted by facsimile to a centralized
data registry where they are entered into a database. Clinical site training has also been
modernized, with two instructional videotapes, an Internet site for posting and distribution
of study-related information (e.g., the protocol, manual of operations and procedures, sam-
ple informed consent document, and newsletter), and frequent teleconferences to maintain
morale and dedication of clinical site personnel.

VIII. STRENGTHS AND WEAKNESSES OF CONVINCE

The major strength of CONVINCE is the large number of patients enrolled by a dedicated
corps of investigators to address questions about the efficacy and safety of a novel formula-
tion of a calcium antagonist in the long-term treatment of high-risk hypertensive patients.
The CONVINCE trial may allow us to get around some of the limitations of most efficacy
trials while yet retaining the gold standard characteristics of double-blind, multicenter
clinical trials (75).

Black and Crocitto (75) recently called attention to the disparity between smaller
complex trials and general clinical practice, and the fact that the conclusions derived from
the older-style small complex trials were rarely generalizable to most patients. They pro-
posed a solution for this dichotomy, namely the large simple trial, which can be compared
favorably to the traditional small complex trial across several important parameters (Table
4). The major advantages of this type of large simple trial are: such trials accurately reflect
the real world of clinical practice; they are much less expensive than the small complex
trial; they address issues of the value of treatment for conditions in which the best treatment
is uncertain; and they enroll all of the subgroups of patients who are likely to receive the
therapy in broad medical practice. The disadvantages are that because only a small amount
of information is collected in a large simple trial, there is little possibility of adequately
examining questions after data collection has begun; such trials may miss the value of
treatment in specific subgroups not adequately identified in the planning stage; there is

Table 4 Comparisons of Small, Complex Trials and Large, Simple Trials

Parameter Small, complex trials Large, simple trials

Sample size Small to moderate Very large
Setting Specialized clinics General practice offices
Training Trained researchers General physicians
Exclusions to enrollment Many Few
Cost per patient Expensive Inexpensive
Proof derived Efficacy (‘‘it can work’’) Effectiveness (‘‘it does work’’)
Conclusions Focused Generalizable
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little academic or financial incentive for investigators and relatively few benefits to sub-
jects; and the possibility exists that study conduct may be abbreviated, attention may
suffer, and the trial may be characterized as sloppy.

The weaknesses of CONVINCE have yet to be fully revealed, primarily because
enrollment has just been completed. The two disappointments to date are the relatively
large proportion of patients who have discontinued blinded study medication (which had
to be overcome by increasing the number of enrolled patients over the originally projected
15,000 to maintain study power), and the relatively slow accrual of primary and secondary
study events. It is likely that the latter problem will also be overcome, particularly since
the spotlight of study monitoring can soon be turned away from recruitment and onto the
very important issue of timely reporting of outcome events.

One important attribute of CONVINCE, which is both a strength and weakness, is
the preselection process performed by the investigator to use either the diuretic or beta-
blocker as standard of care choice for the individual patient. During the design of CON-
VINCE, much discussion involved which medication should be mandated for the SOC
arm (1). Many experts favor initiating treatment in the elderly with low-dose thiazide
diuretics (20, 76, 77), but many practicing physicians instead prefer beta-blockers (21,
78, 79), despite little favorable evidence from clinical trials for primary prevention in this
at-risk population (11). This dilemma was solved for CONVINCE in a truly Solomonic
fashion by allowing investigators to choose either agent for each individual (as they would
normally do in routine clinical practice). Although this policy is totally in keeping with
the principles of a large simple trial, it opens the trial to post hoc criticism if too large a
proportion of the patients have the (presumably less effective, based on current evidence)
beta-blocker as their SOC choice. This may be yet another example that few practicing
physicians follow guidelines promulgated by national or international authorities (21, 77–
82). Preliminary data indicate that atenolol was the more common choice (52.3%) over
HCTZ. This may be slightly at odds with the baseline assumptions used in the sample
size calculation but is unlikely to threaten the validity of the entire study. The strength
of CONVINCE in this area is that it has documented exactly what choices practicing
physicians make. The weakness is that there may not be sufficient statistical power in
CONVINCE for comparisons of outcomes of patients who received either the beta-blocker
or the diuretic as the SOC choice. This potential deficiency will likely be overcome in
analyses planned across classes of antihypertensive agents for the individual patient-based
registry of international hypertension trials (22). The fact that the majority of physicians
chose atenolol for the CONVINCE SOC arm may turn out to have been unfortunate if
recently summarized data about the reduced efficacy of beta-blockers in preventing cardio-
vascular events in elderly hypertensives is verified (11). If, however, beta-blockers are
actually more effective than the efficacy trials indicate (a view consistent with the 661
experienced physicians choosing therapy for patients in this study), CONVINCE may
break new scientific ground. There may even be the possibility of a post hoc analysis
comparing each of the two SOC regimens with the COER-verapamil arm, as roughly half
the patients were treated initially with HCTZ and half with atenolol.

The anticipated difficulties with different cultural, national, and language barriers
have largely been overcome because of the recognition of hypertension as a major risk
factor for poor clinical outcomes in all CONVINCE countries. The technological advances
of the last few decades in telephone, computer, and communications technology have all
assisted in overcoming many of the common and expensive barriers to implementation
of large clinical studies. Finally, the dedication and perseverance of many investigators,
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clinical site personnel, patients, and decision-making officials of the sponsor (who dele-
gated responsibility for actually running the study to the fully independent executive com-
mittee) are likely to be rewarded in a few years when the final results of CONVINCE are
known.

APPENDIX

CONVINCE Research Group Investigators

The committees and investigators at the clinical sites of CONVINCE are listed below.
Executive committee: Henry R. Black, M.D., Chair (primary principal investiga-

tor); Robert J. Anders, Pharm.D. (ex-officio); Tracy Lucente, CONVINCE senior project
director (ex-officio); Richard H. Grimm Jr., M.D., Ph.D.; Lennart Hansson, M.D., Ph.D.,
Yves Lacoucière, M.D., James Muller, M.D., James D. Neaton, Ph.D. (ex-officio); Peter
Sleight, M.D., Michael A. Weber, M.D., William B. White, M.D., Gordon Williams, M.D.,
Janet Wittes, Ph.D., Alberto Zanchetti, M.D., and a PAREXEL representative (ex-officio).

Endpoints committee: William B. White, M.D., Chair; William C. Cushman, M.D.,
William A. Frishman, M.D., Norman K. Hollenberg, M.D., Ph.D., Thomas G. Pickering,
M.D., D. Phil., Thomas R. Price, M.D., and Dominic A. Sica, M.D.

Publications and ancillary studies committee: Richard H. Grimm Jr., M.D., Ph.D.,
Chair; Stephen P. Glasser, M.D., Gregory M. Grandits, M.S., Suzanne Oparil, M.D., Ron-
ald M. Prineas, M.B.B.S., Ph.D., and Carolyn Kong (ex-officio).

Data safety and monitoring board: Lawrence S. Cohen, M.D., Chair; Lawrence
M. Brass, M.D., David DeMets, Ph.D., Charles K. Francis, M.D., Daniel M. Kolansky,
M.D., and Richard C. Pasternak, M.D.

CONVINCE principal investigators (by country, with country leader listed first):
Brazil: Décio Mion Jr., Fernando Antonio de Almeida, Iran Castro, Kátia Coelho

Ortega.
Bulgaria: Tihomir Dascalov, Atanas Djurdjev, Anna Elenkova, Mladen Grigorov,

Vallentina Grigorova, Roumiana Kermova-Grigorova, Christo Kojukharov, Georgi Kussi-
tassev, Svoboda Lovdjieva, Stefan Mantov, Choudomir Nachev, Nikolay Penkov, Svetla
Torbova, Christo Tsekov.

Canada: Yves Lacourcière, Carl Abbott, Michael Alexander, Don Allan, Ronnie
Aronson, John Atherstone, Marie-Claude Audet, Murray Awde, Gordon Bailey, Robert
Beattie, Michael Bentley-Taylor, Bruno Bernucci, Peter Bolli, Remi Bouchard, Ted Brank-
ston, Ellen Burgess, Mathew Burnstein, Denis Callaghan, J. Harry Callaghan, Douglas
Carmody, Richard Casey, Josette Castel, Martyn Chilvers, Paolo Costi, Benoit Coulu,
David Crowley, I. Dan Dattani, John Davies, Jacquest de Champlain, Eric Deemsted,
Sanjay Dhingra, Frank Doane, Peter Dzongowski, Connie Ellis, Neil Filipchuk, Daniel
Garceau, Roger Hamilton, Paul Handa, Roy Harding, Kenneth Heaton, Breet Hennefant,
James Hii, Kkandker Hoque, Marc Houde, William Hughes, Jamie Hynd, Saul Isserow,
Christopher Janz, Martin Juneau, David Kendler, Carter Kennedy, Mahesh Khurana, Jan
Kornder, Simon Kouz, Christopher Lai, Daniel Landry, High Langley, Pierre Larochelle,
Claude Lauzon, Jacobson Le Roux, Roland Leader, Monique LeBlanc, Larry Leiter, Jac-
quest Lenis, Richard Lewanczuk, John Li, Robert Luton, Patrick Ma, Jonathan MacKen-
zie, Jamuna Makhija, Dan Malone, Jean-Marie Martel, Murray Matangi, Grant Matheson,
Guiseppe Mazza, Tom McAvinue, Sheila McGrath, William McKeough, Jeanne McNeill,
Pravine Mehta, Adrien Melanson, Karim Merali, Phil Morris, Robert Morrison, Shah Na-
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waz, Robert Nitkin, Brian O’Kelly, William O’Mahony, Robert Orchard, Yves Pesant,
Robert Petrella, Denis-Carl Phaneuf, Eric Poulin, Brendan Quinn, J. Lloyd Reddington,
Maurice Roy, Terrance Ruddy, Luis Salgado, Michel Sauve, Daniel Savard, Gulshan
Sawhney, Larry Schmidt, Vyta Senikas, Daniel Shu, Duncan Sinclair, Randell Smith,
David Spence, Richard St-Hilaire, James A. Stone, Bruno St-Pierre, Jim Swan, Paul Tal-
bot, Kim-Weng Tan, Sheldon Tobe, Luc Trudeau, Alain Vanasse, Pradeep K. Vohora,
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I. INTRODUCTION

A. Antihypertensive Treatment

An estimated 50 million people in the United States have elevated blood pressure (systolic
blood pressure [SBP] of 140 mm Hg or higher or diastolic blood pressure [DBP] of 90
mm Hg or higher) or are taking antihypertensive medication (1). Hypertension is consider-
ably more common among blacks than among whites, and its sequelae are more frequent
and severe in the former. The sequelae can be substantially reduced by drug treatment
but with a large aggregate cost to society. Variation in the cost of treating hypertension
is, in large part, determined by the cost of the antihypertensive agents used. Given the
number of patients treated (23 million in 1987), drug choice has substantial economic
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implications (2). For example, according to one analysis, if 1982 prescribing practices
had been in effect in 1992, it was estimated that drug expenditures for that year would
have been $3.1 billion less (3).

Despite the known etiologic relationship of hypertension to coronary heart disease
(CHD), individual large-scale randomized clinical trials in largely middle-aged subjects
have usually not shown statistically significant reductions in rates of CHD death or nonfa-
tal myocardial infarction with antihypertensive drug treatment (4). However, these trials
have not been designed with adequate sample sizes to find effects of moderate size, and
overviews of such hypertension trials have shown that antihypertensive treatment does
lead to a reduction in CHD event rates (5). Still, the estimated reduction (14%) was less
than expected based on epidemiological data (6). The cited overviews did not take into
account the strongly positive results of the Systolic Hypertension in the Elderly Program
(SHEP), in which diuretic-based treatment reduced major CHD events by 27% (95% con-
fidence interval [CI] 4% to 43%) (7). Other trials in older persons with diastolic/systolic
hypertension (8, 9) have reported at least a trend toward similar results. One possible
explanation given for the failure of previous trials to demonstrate the expected degree of
CHD reduction is that adverse effects of study drugs, particularly high-dose diuretics, may
have offset the potential benefit of blood pressure reduction. These potential adverse ef-
fects include diuretic-induced hypokalemia, hypomagnesemia, hyperuricemia, hyperlipid-
emia, hyperglycemia, impaired insulin sensitivity, and increased ventricular ectopic activ-
ity (1, 10, 11). However, such side effects are minimal at currently recommended doses.

In the late 1970s and the 1980s, new and costlier antihypertensive agents—calcium
antagonists, angiotensin-converting enzyme (ACE) inhibitors, and alpha-adrenergic block-
ers—were developed and approved for use in chronic antihypertensive therapy. However,
evidence that might justify their use in preference to the older classes of drugs is limited.
Only two moderately large, long-term randomized trials have compared representatives
of all of these drug classes: the 1-year trial conducted by the Department of Veterans’
Affairs Cooperative Study Group on Antihypertensive Agents (12), and the 4.4-year Treat-
ment of Mild Hypertension Study (TOMHS) (13). Although these trials have reported
some differences in blood pressure (BP) control, adverse effects, quality of life, biochemi-
cal effects, and target-organ changes, these differences did not present a pattern that consis-
tently favored one class of drugs over others. Also, these trials did not have clinical end-
points as the primary outcome for comparisons of drug classes.

Other relevant data come both from animal experiments and clinical trials in patients
with heart disease. Calcium channel blockers inhibit the development of atherosclerotic
lesions in rabbit models, but clinical trial data on morbidity and mortality are conflicting.
An overview of all post myocardial infarction (MI) trials with calcium channel blockers
reported a 6% (95% CI, �4% to �18%) increase in mortality (14). An update of this
overview that included three additional trials in patients with angina pectoris or MI also
suggested unfavorable results, particularly with dihydropyridine calcium channel blockers
(15). The increased mortality with the short-acting formulations of nifedipine and nicardip-
ine occurred primarily in patients with a recent MI. This outcome might be different with
a long-acting dihydropyridine such as amlodipine, and indeed, the recent positive results
of the Syst-Eur trial in isolated systolic hypertension (using nitrendipine, a moderately
long-acting dihydropyridine) (16) and suggestive results of Prospective Randomized Am-
lodipine Survival Evaluation Study (PRAISE) and The Vasodilator-Heart Failure Trial
(VHeFT) III in heart failure patients (using amlodipine and felodipine) (17, 18) provide
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some support for the importance of pharmacokinetic factors. Nevertheless, findings for a
variety of outcomes from both observational studies and clinical trials have kept the so-
called calcium channel blocker controversy alive (19, 20). Furthermore, placebo-con-
trolled trials do not directly address comparative benefits and risks versus other (including
less expensive) agents.

The ACE inhibitors reduce mortality in both severe and less severe heart failure
(21–23), and reduce morbidity, including CHD, in asymptomatic left ventricular (LV)
dysfunction (24). Prevention of coronary lesions in the Watanabe rabbit model with capto-
pril treatment has been demonstrated (25), perhaps because of effects on cellular prolifera-
tion in the vessel wall. The hypothesis that antiatherosclerotic effects of ACE inhibitors
occur in humans in part of the rationale for more recent trials in CHD patients with pre-
served LV function (26, 27). Recently concluded and ongoing trials in hypertensive pa-
tients are, as in the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT), comparing ACE inhibitors with traditional drugs (see ‘‘Discus-
sion’’), below.

The alpha-adrenergic blockers have had moderately favorable effects on lipid profile,
particularly on high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL)
cholesterol, and the LDL/HDL ratio (13, 28). Improvements in insulin resistance have
also been reported with alpha-blockers, an observation that may be especially relevant
to patients with type II diabetes mellitus (29). Finally, there is some evidence that
these agents reduce platelet aggregability and stimulate tissue plasminogen activator (30–
32).

These data from existing studies in humans and animal models do not provide defin-
itive evidence as to whether newer drugs are superior, equivalent, or inferior to the older
drugs in the treatment of hypertension and the prevention of its cardiovascular complica-
tions. Given the clinical, public health, and economic importance of this issue, large-
scale comparative trials have long been needed to assess the role of newer versus older
antihypertensive agents in cardiovascular disease prevention; the ALLHAT has been one
response to this need.

B. Cholesterol-Lowering Treatment

Lowering high cholesterol levels has been clearly and repeatedly shown to reduce the
incidence of CHD events in randomized trials (33). However, in trials completed before
1993, any reduction in CHD deaths was offset by an increase in non-CHD deaths, and
there was no net reduction in mortality (34). More recent trials using the HMG CoA
reductase inhibitors or ‘‘statins’’ have not shown any adverse trends in non-CHD mortality
(35–40). Two large trials in patients with established CHD, the Scandinavian Simvastatin
Survival Study (4S) (35) and the Long-Term Intervention with Pravastatin in Ischaemic
Heart Disease (LIPID) study (39), have shown significant reductions in all-cause mortality,
and a meta-analysis of 34 single-factor cholesterol-lowering trials of 3 or more years’
duration shows a significant 10% reduction in mortality (40).

However, even after the establishment of the general safety and efficacy of the statins
in the prevention and treatment of CHD without an offsetting increase in non-CHD mortal-
ity, some important practical questions about cholesterol lowering still remain unanswered.
The ALLHAT study is also designed to address many of these remaining questions.

The pre-statin trials were done almost exclusively in middle-aged white men. Al-
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though the majority of statin trials do include women and extend the upper age limit
beyond 60, randomized trial data in women, men older than age 70, and racial and ethnic
minorities are still sparse. Subgroup analyses of the four large statin trials that included
women all suggest that they benefit at least as much as men from cholesterol lowering,
but women comprise only 10% to 20% of the patients in these studies (35, 37–39). Sub-
group analyses of these trials and West of Scotland Coronary Prevention Study (WOS-
COPS) (36) by age suggest that the older participants derive significant benefit from treat-
ment, although the relative risk reduction tends to be smaller than in younger patients.
This is in agreement with epidemiological data suggesting the diminution with increasing
age of the regression coefficient relating cholesterol levels and CHD event rates (41).
However, the upper age limits in these trials ranged from 64 to 75 years at entry, and
they lacked power to address whether the benefits of cholesterol lowering extend beyond
age 70. By contrast, the ALLHAT cholesterol trial has no upper age limit and has met
its objectives of enrolling most study patients with age older than 65, approximately half
female participants, and more than half who are racial or ethnic minorities.

More data are also needed on the efficacy of cholesterol lowering in specific con-
ditions conferring high risk of CHD (diabetes, hypertension, renal failure), which have
often been grounds for exclusion from randomized trials of cholesterol lowering. If choles-
terol lowering confers similar relative risk reduction in the presence of these conditions
as it does in their absence, then it may be a particularly valuable and cost-effective adjunct
to the primary treatment of these conditions. By design, all ALLHAT participants are
hypertensive, and patients with other risk factors such as diabetes were specifically en-
rolled.

There is also some ambiguity about the net benefit of cholesterol lowering in patients
whose pretreatment level of cardiovascular risk is less than that of patients with established
CHD, as even low-level drug toxicity may negate a beneficial effect on CHD mortality
when the initial risk (that is, in the absence of treatment) of CHD death is relatively modest.
In the meta-analysis of 34 cholesterol-lowering trials, reduction in all-cause mortality was
confined to the 25 trials of secondary prevention (40). Mortality was not reduced in the
nine primary prevention trials, despite a nonsignificant trend toward reduced all-cause
mortality in primary prevention trials using statin drugs. In the Air Force-Texas Coronary
Atherosclerosis Prevention Study (AFCAPS/TexCAPS) trial, persons with ‘‘average’’
cholesterol levels and no prior CHD derived significant benefit from 5 years of lovastatin
treatment in terms of nonfatal CHD events but not in terms of mortality (38). This probably
reflects the fact that the mortality rate in this trial was only 0.5% per year, and only 17% of
those deaths were the result of CHD. A large majority of the participants in the ALLHAT
cholesterol trial were free of established CHD at entry. Thus, it is mainly a primary preven-
tion trial, although the high prevalence of non-lipid CHD risk factors confers a relatively
high risk in relation to other primary prevention trials of cholesterol lowering.

Finally, subgroup analysis of the Cholesterol and Recurrent Events (CARE) trial
(42) suggested that there may be a level of LDL cholesterol (approximately 125 mg/dl)
below which cholesterol lowering confers no additional benefit. This apparent disassocia-
tion between cholesterol lowering and reduction of CHD event rates at low LDL choles-
terol levels, also reported in WOSCOPS (43) but not 4S (44), is somewhat at odds with
epidemiological observations that cholesterol is a continuous risk factor at least down
to total cholesterol levels below 150 mg/dl (45, 46). A substantial portion of ALLHAT
participants and all of those with CHD at entry can be expected to attain LDL-cholesterol
levels below 125 mg/dl during pravastatin treatment.
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Table 1 Anticipated Sample Size of ALLHAT Treatment Groups

Cholesterol- Antihypertensive trial (4 Arms)
lowering trial
(2 arms) Chlorthalidone Amlodipine Lisinopril Doxazosin Total

Pravastatin 3,655 2,115 2,115 2,115 10,000
Usual care 3,655 2,115 2,115 2,115 10,000
Not eligible 7,310 4,230 4,230 4,230 20,000
Total 14,620 8,460 8,640 8,460 40,000

Abbreviation: ALLHAT, Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial.

II. OBJECTIVES AND DESIGN

The ALLHAT, sponsored by the National Heart, Lung, and Blood Institute (NHLBI) in
conjunction with the Department of Veterans’ Affairs (DVA), is a practice-based, random-
ized clinical trial in high-risk hypertensive patients age 55 years and older, of whom
approximately half are women and half are ethnic minorities, especially African-Ameri-
cans. The trial was initially funded for protocol development and other preparatory work
in August 1993 and conducted patient recruitment between February 1994 and May 1998.
Follow-up is scheduled to end in March 2002.

The ALLHAT has two components. The antihypertensive component is a double-
blind trial designed to determine whether the combined incidence of fatal CHD and nonfa-
tal MI differs between traditional treatment, based on a thiazide-like diuretic, and regimens
initiated with each of three alternative antihypertensive drug classes—a calcium antago-
nist, an ACE inhibitor, or an alpha-adrenergic blocker. The lipid-lowering component is
an open-label trial designed to determine whether lowering serum cholesterol using an
HMG CoA reductase inhibitor in older (at least age 55) men and women who are moder-
ately hypercholesterolemic (a subset of those randomized into the antihypertensive trial)
will reduce all-cause mortality as compared with a control group receiving ‘‘usual care.’’

Drugs to satisfy these design objectives were selected by the NHLBI from among
the agents in the specified classes that had been approved by the Food and Drug Adminis-
tration for once-daily administration. Outside advisors who eventually became members
of ALLHAT’s governing committees assisted NHLBI staff in compiling prioritized lists
of acceptable drugs, and the final selections were among those in which a manufacturer
expressed willingness to participate by supplying the agent. (It was, however, necessary
to purchase a diuretic to be able to conduct the trial.)

A. Hypotheses and Statistical Design

The primary hypotheses of the antihypertensive trial component are that the combined
incidence of fatal CHD and nonfatal MI (first or recurrent) will differ in hypertensive
patients randomized to (a) a calcium antagonist (amlodipine), (b) an ACE inhibitor (lisino-
pril), or (c) an alpha-adrenergic blocker (doxazosin) as first-line therapy from the incidence
in those randomized to a thiazide-like diuretic (chlorthalidone) as first-line therapy. Thus
the statistical design accounted for three primary comparisons.

To maximize statistical power for the antihypertensive trial, 1.7 times as many pa-
tients have been assigned to its diuretic arm, as compared with each of the other three
arms (Table 1). The rationale for the sample size, estimated at 40,000, was based on
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Table 2 Secondary Hypotheses for the ALLHAT Trial Components

Antihypertensive trial—The following endpoints (or their incidence) will be different in patients
randomized to receive amlodipine, lisinopril, or doxazosin relative to those receiving
chlorthalidone:

1. All-cause mortality
2. Combined coronary heart disease (CHD or revascularization procedures or hospitalized

angina)
3. Stroke
4. Combined cardiovascular disease (CHD or stroke or coronary revascularization procedures

or angina [hospitalized or medically treated] or CHF [hospitalized or medically treated] or
peripheral arterial disease [hospitalized or outpatient revascularization procedure]),

5. Left ventricular hypertrophy by ECG
6. Renal disease (slope of reciprocal of serum creatinine)
7. Health-related quality of life
8. Major costs of medical care

Lipid-lowering trial—The following endpoints (or their incidence) will be different in patients
randomized to receive pravastatin relative to those receiving usual care:

1. The combined incidence of CHD death and nonfatal myocardial infarction, especially in
certain subgroups, e.g., African Americans, patients older than age 65, type II diabetics, and
women

2. Changes in the biennial study ECG indicative of myocardial infarction
3. Cause-specific mortality
4. Total and site-specific cancer incidence
5. Health-related quality of life
6. Major costs of medical care

Abbreviations: ALLHAT, Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial; CHD,
coronary heart disease; CHF, congestive heart failure; ECG, electrocardiogram.

detecting a 20% theoretical benefit (16% after considering plausible rates of crossover)
between the diuretic and alternate treatment arms with 80% to 85% power. More details
are presented in the Appendix. Secondary hypotheses, including both additional endpoints
(such as stroke, total mortality, renal function, and quality of life) and major subgroups
to be evaluated, are listed in Table 2.

The primary hypothesis of the cholesterol-lowering trial component is that mortality
from all causes will differ in hypertensive patients with LDL cholesterol levels between
100 and 189 mg/dl (within this range, higher for those without and lower for those with
known CHD) who are randomized to receive pravastatin, plus advice to follow a choles-
terol-lowering [National Cholesterol Education Program Step I (47)] diet, compared with
mortality in those randomized to receive dietary advice only, with pharmacological treat-
ment added only if subsequently judged by a personal physician to have become indicated.
The sample size was originally estimated as 20,000 participants. It was subsequently re-
duced to 10,000, based on external trial data and initial recruitment experience, and is
expected to provide 84% power to detect an observed (after drop-in and drop-out) 16%
reduction in the primary endpoint and 80% power for a 20.6% reduction in fatal CHD or
nonfatal MI. More details are presented in the Appendix. Secondary hypotheses for this
component, mostly similar to those for the antihypertensive component, are also listed in
Table 2.
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III. ENROLLMENT AND FOLLOW-UP PROCEDURES

A. Recruitment and Baseline Visits

A total of 632 clinics in the United States, Puerto Rico, the U.S. Virgin Islands, and
Canada, recruited through mass mailings and presentations at major professional meetings
enrolled at least one patient in ALLHAT. This has resulted in randomization of 42,448
patients for the antihypertensive trial and 10,357 participants for the cholesterol trial. Pa-
tient recruitment for ALLHAT, which was completed for the antihypertensive and choles-
terol components in January and May 1998, respectively, relied on a variety of methods,
particularly chart review within the participating clinical sites, to identify patients who
were potentially eligible for the trial components. Mass mailings and media were used to
a limited degree to recruit potential patients from outside the participating clinics. The
rate of overall recruitment was largely driven by continued accrual of new sites, which
was expanded from an originally anticipated 250 to 300 sites and continued into early
1997. The rate of recruitment into the cholesterol component was a function of overall
recruitment plus the lag required for application of the additional eligibility criteria. More
details on both site and patient recruitment are presented in reports in progress (48, 49).

Eligibility for the antihypertensive trial component was determined at two preran-
domization visits 1 day to 2 months apart (Table 3). The objective of visit 1 was to assess
eligibility for and interest in ALLHAT and to begin withdrawing patients from beta-block-
ers and central alpha-agonists. Additional interim prerandomization visits were conducted
as needed to step-down these medications. Because only patients who had been random-
ized to the antihypertensive trial component were considered for randomization to the
cholesterol-lowering trial component, randomization to the latter could only take place at
the first post-randomization visit for the antihypertensive trial—usually 4 weeks later—
or at a subsequent visit.

Blood pressure eligibility criteria for the antihypertensive trial, listed in Table 4,
were based on the patient’s current treatment status and on the average of two seated BP
measurements, using a standard mercury sphygmomanometer, at each of two visits. For
untreated patients, the criteria used were the Joint National Committee (JNC) V/VI defini-
tions of diastolic or systolic hypertension, stages I to II (1). For treated patients, the criteria
were based on reasonable BP control on no more than two drugs, that is, 160 mm Hg or
lower systolic and 100 mm Hg or lower diastolic at visit 1, and remaining 180 mm Hg
or lower systolic and 110 mm Hg or lower diastolic at visit 2 (when medication may have
been partially withdrawn).

Additional inclusion criteria and exclusion criteria for the antihypertensive and lipid-
lowering trials are presented in Table 5. Because the eligibility for the hypertension trial
was established first, these criteria applied to both trials. Beyond those related to diagnosis
and previous treatment of hypertension, the primary intent was to enroll a cohort with a
sufficiently high expected event rate to test the study hypotheses. This was the reason for
the requirement for at least one other risk factor for CHD. Age is the most important
such criterion; the initial lower age cutpoint was 60 years, but because of concerns about
recruitment, this was reduced to 55 years when the trial leadership was satisfied that the
effect on study power would be small. Although cigarette smoking was not an initial
criterion because of knowledge that smoking cessation leads to a rather rapid improvement
in CHD risk, it was later added with the understanding that success of cessation efforts
is modest at best, even in older people.
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Table 3 ALLHAT Patient Visit Schedule

Purpose
Months from

Visit # visit 2 Antihypertensive trial Cholesterol-lowering trial

— �6.0 to 1 day Identify potential participant
1 �2.0 to 1 day Assess eligibility and interest
1a,b,c As needed Step down from prestudy antihypertensive drugs if

on beta-blockers or central alpha-agonists
2 0 Randomization, lab, Fasting LP profile*, ALT†

diet/lifestyle coun-
seling

3 1 Routine data collection Randomization, fasting LP
Dosage titration if Profile, NCEP‡

needed Step 1 diet
4 3 Routine data collection Dosage titration if needed

Dosage titration if ALT, TC††
needed

5, 6, 7 6, 9, 12 (more often Routine data collection Routine data collection
if needed) Dosage titration if Dosage titration if needed

needed
8, 9, 10 Every 4 months Routine data collection Routine data collection

Postrandomization visits are shaded.
* Total cholesterol, triglyceride, HDL, and LDL cholesterol levels. LDL calculated by the Friedewald formula
(50).
† Alanine aminotransferase.
‡ NCEP, National Cholesterol Education Program (47).
†† Total cholesterol
Abbreviations: ALLHAT, Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial.

Table 4 ALLHAT Blood Pressure Eligibility Criteria

Lower limit1 Upper limit2

(mm Hg) (mm Hg)

Status at visit 1 and visit 2 SBP DBP SBP DBP

On 1–2 drugs for hypertension for — — 1603 1003

at least 2 months 1804 1104

On drugs for �2 months or cur- 140 90 180 110
rently untreated
1 SBP or DBP lower limit must be met at visit 1 and visit 2
2 SBP and DBP upper limit must be met at visit 1 and visit 2
3 Visit 1 only
4 Visit 2 only

Abbreviations: ALLHAT, Antihypertensive and Lipid-Lowering Treatment to Pre-
vent Heart Attack Trial; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure.



ALLHAT 539

Table 5 Major ALLHAT Inclusion and Exclusion Criteria

Antihypertensive trial
1. Inclusion

a. One or more manifestations of atherosclerotic cardiovascular disease- (i) old (� 6
months) or age-indeterminate myocardial infarction or stroke; (ii) history of
revascularization procedure; (iii) documented atherosclerotic cardiovascular disease

b. Type II diabetes mellitus (plasma glucose � 140 mg/dl [fasting] or 200 mg/dl
[nonfasting] and/or on insulin or oral hypoglycemics)

c. HDL-cholesterol � 35 mg/dl (on � two determinations within past 5 years)
d. Left ventricular hypertrophy on ECG or echocardiogram
e. ST-T wave ECG changes indicative of ischemia

2. Exclusion
a. Symptomatic MI or stroke within the past 6 months
b. Symptomatic congestive heart failure and/or ejection fraction � 35%, if known
c. Angina pectoris within the past 6 months
d. Serum creatinine � 2 mg/dl
e. Requirement for thiazide-like diuretics, calcium antagonists, ACE inhibitors, or alpha-

blockers for reasons other than hypertension
f. Requirement for more than two antihypertensive drugs to achieve satisfactory blood

pressure control
g. Sensitivity or contraindications to any of the first-line study medications
h. Factors suggesting a low likelihood of compliance with the protocol, e.g., plans to move

or travel extensively
i. Diseases likely to lead to noncardiovascular death over the course of the study
j. Blood pressure � 180 mm Hg systolic or � 110 mm Hg diastolic on two separate

readings during screening or step-down

Lipid-lowering trial
1. Inclusion

a. Enrollment in the antihypertensive trial
b. An LDL cholesterol of 120–189 mg/dl (100–129 mg/dl for patients with known CHD)

with a triglyceride level � 350 mg/dl
2. Exclusion

a. Current use of prescribed lipid-lowering agents or large doses (� 500 mg/day) of
nonprescription niacin

b. Contraindications to HMG CoA reductase inhibitors (e.g., significant liver disease,
ongoing immunosuppressive therapy, known allergy or intolerance to the study drug)

c. Known untreated secondary cause of hyperlipidemia (e.g., hypothyroidism, nephrotic
syndrome)

d. Alanine aminotransferase (ALT) � 2.0 � upper limit of normal

Abbreviations: ALLHAT Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial; HDL,
high-density lipoprotein; ECG, electrocardiogram; MI, myocardial infarction; ACE, angiotensin-converting en-
zyme; LDL, low-density lipoprotein.

B. Randomization

Patients meeting the ALLHAT eligibility criteria discontinued prior antihypertensive
drugs the day of visit 2 and were randomized to one of the four ALLHAT treatment arms
after giving informed consent. This visit was intended to take place between 1 day and
8 weeks after visit 1, depending on the length of time required to step down from prestudy
medications or determine hypertension status. Patients initially taking no drugs, or those
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well-controlled on one drug, could be randomized as soon as 1 day after visit 1. Prolonged
step-downs were discouraged (though not prohibited), because many patients who could
not be withdrawn quickly from their prestudy regimens were expected to be more difficult
to maintain on a simple regimen during the trial. All randomized patients were also to be
given appropriate hygienic advice (on limiting dietary sodium and alcohol if excessive,
increasing physical activity as appropriate, and restricting caloric intake if overweight),
with reinforcement as needed during the trial.

Patients who indicated their interest in the cholesterol-lowering component at visit
1 and had not been treated with lipid-lowering drugs during the prior 2 months were
considered as potential candidates. A fasting lipid battery (total cholesterol, triglycerides
[TG], HDL cholesterol [HDL-C] calculated LDL cholesterol [LDL-C]) and serum ALT
was obtained at visit 2. Patients with an LDL-C between 120 and 189 mg/dl (between
100 and 129 mg/dl for patients with known CHD) and fasting TG of 350 mg/dl or less
at this visit were informed by telephone of their eligibility for the cholesterol-lowering
trial component and told to fast overnight for visit 3. If the patient was eligible to par-
ticipate in this ALLHAT component at visit 3, the investigator phoned the clinical trials
center and received a random assignment to either pravastatin or usual care. Patients as-
signed to usual care, as well as those assigned to pravastatin, were advised to follow the
National Cholesterol Education Program (NCEP) Step I diet (� 30% of calories from
fat, � 10% of calories from saturated fat, � 300 mg cholesterol per day). A fasting li-
poprotein profile was obtained at this visit as a baseline for each randomized participant
in this trial component. The clinical trials center used the average total cholesterol (TC0)
and LDL (LDL0) cholesterol levels from visits 2 and 3 to calculate a target TC level
corresponding to a 25% fall in LDL cholesterol, according to the following formula:
target TC � TC0 � (0.25 � LDL0). In addition, 10% of the pravastatin group and 5%
of the usual care group are monitored at selected annual visits using fasting LDL cho-
lesterol.

The main baseline characteristics of patients enrolled in the antihypertensive trial
are as follows: mean age of 67 years and BP (visit 1) of 145/83 mm Hg (for the 9.8%
previously untreated, 159/91 mm Hg); 46.8% are women; 35.6% African/American (3.3%
were also Hispanic), 12.5% white Hispanic, and 47.1% white non-Hispanic. Baseline char-
acteristics of those randomized into the cholesterol component are generally similar, and
in this component, mean total, LDL, and HDL cholesterol levels were 224, 146, and 48
mg/dl, respectively (for the 11.5% with CHD at entry, 196, 120, and 45 mg/dl). Approxi-
mately 35% of participants in both components have diabetes mellitus.

IV. TREATMENT PROGRAM

A. Antihypertensive Intervention

The BP goal in all four arms is less than 90 mm Hg diastolic and less than 140 mm Hg
systolic. The therapeutic goal is to achieve BP control on the lowest possible dosage of
the first-line drug, but to use the maximum dose of the blinded drug before adding other
drugs. The number and dose of study drugs prescribed in pursuit of these goals are guided
by patient tolerance and clinical judgment, particularly in use of regimens of more than
two drug. The dosage levels available for each drug are listed in Table 6.

The identity of the first-line drug is masked at each dosage level. To minimize the
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Table 6 ALLHAT First- (Blinded), Second- (Open Label), and Third-Line (Open Label)
Antihypertensive Drugs*

Initial
Step 1 agent dose Dose 1 Dose 2 Dose 3

Chlorthalidone 12.5 12.5 12.5 25
Amlodipine 2.5 2.5 5 10
Lisinopril 10 10 20 40
Doxazosin 1 2 4 8
Step 2 and step 3 agents
Reserpine 0.05 qd or 0.1 qd 0.2 qd

0.1 qod
Clonidine (oral) 0.1 bid 0.2 bid 0.3 bid
Atenolol 25 qd 50 qd 100 qd
Hydralazine (third-line) 25 bid 50 bid 100 bid

* Sources of the four step 1 agents are: chlorthalidone: Ogden Bioservices, Inc., Rockville, Maryland; amlodi-
pine: Pfizer, Inc., New York, New York; lisinopril: AstraZeneca Pharmaceuticals Group, Wilmington, Delaware;
and doxazosin: Pfizer, Inc., New York, New York.
Abbreviation: ALLHAT, Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial.

potential first-dose hypotension with doxazosin, the initial dosage level was used during
the first week after randomization. For the other three drugs, the initial dose and step 1
dosages are identical. Also, to allow three dose levels for the other agents with mainte-
nance of the blind, doses 1 and 2 of chlorthalidone are both 12.5 mg. Patients were ex-
pected to return at 1-month intervals for any necessary increase in dosage until both the
systolic and diastolic goal pressures are reached. If the initial dose of the blinded drug is
not tolerated, it is discontinued. A subsequent rechallenge with the medication is encour-
aged, if appropriate.

For patients in any of the four treatment arms who are unable to attain satisfactory
BP control on the maximum tolerable dosage of their first-line drug, a choice of second-
and third-line drugs are provided in open-label form for use in addition to (not substitution
for) the first-line drug (Table 6). The choice of second-line drug(s) is at the discretion of
the treating study investigator. Because the study investigators are blinded to the identity
of the first-line drug to which each patient is assigned, it is likely that the frequency of use
of each of the second-line drugs will be similar among the four treatment arms. Although in
special cases, investigators may choose to prescribe second-line antihypertensive drugs
other than those provided by the study, thiazide diuretics, calcium antagonists, ACE inhibi-
tors, and alpha-adrenergic blockers are avoided unless maximum tolerated doses of a 3-
drug regimen have been tried and are unsuccessful in controlling BP.

B. Cholesterol-Lowering Intervention

As noted above, the cholesterol-lowering component of ALLHAT was a randomized com-
parison of an HMG CoA reductase inhibitor (pravastatin) plus diet versus usual care plus
diet in a subset of patients participating in the antihypertensive component of the study.
The starting dosage of pravastatin was originally 20 mg, taken in the evening. For patients
who did not attain a decrease in serum TC corresponding to at least a 25% decrease in
LDL cholesterol after 2 months, the daily dosage was to be increased to 40 mg. After
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about 1000 participants were enrolled, the starting dose was changed to 40 mg to enhance
the contrast with usual care. All participants in this ALLHAT component receive instruc-
tion in the Step I diet recommended by the NCEP (47) upon randomization into the study.
Randomization into this trial component was supposed to occur 4 to 26 weeks after ran-
domization into the antihypertensive component of ALLHAT but could occur after up to
52 weeks.

V. DETERMINATION OF OUTCOMES

A. Data Collection and Endpoint Classification

The outcomes that will be obtained and tabulated over the course of the study are listed
in Table 7. Occurrences of clinical endpoints are documented by a checklist completed
at each follow-up visit and supplemented by interim reporting as needed. Other than blood
pressure and total serum cholesterol, outcomes based on continuous measurements (LV
hypertrophy, renal function, quality of life) are based on data collected at selected annual
visits. The study investigators are required to complete and submit to the clinical trials
center a short questionnaire for each occurrence of a clinical endpoint identified at or
between regular visits. For each endpoint involving a death or hospitalization, the investi-
gator also submits a copy of the death certificate or hospital discharge summary upon
which the diagnosis is based. For fatal events, the underlying cause of death is classified
by the physician-investigator at the clinical site.

Table 7 ALLHAT Outcomes

1. Death
a. definite myocardial infarction
b. definite coronary heart disease
c. possible coronary heart disease
d. stroke
e. congestive heart failure
f. other cardiovascular disease
g. cancer
h. accident, suicide, or homicide
i. other noncardiovascular cause
j. unknown cause

2. Myocardial infarction
3. Stroke
4. Angina (hospitalized or treated)
5. Congestive heart failure (hospitalized or treated)
6. Peripheral arterial disease (hospitalized or treated)
7. New cancer diagnosis (hospitalized or treated)
8. Accident or attempted suicide (hospitalized or treated)
9. Left ventricular hypertrophy (biennial study ECG)

10. Renal function (slope of the reciprocal of serum creatinine level versus time)
11. Quality of life
12. Medical care utilization

Abbreviations: ALLHAT, Antihypertensive and Lipid-Lowering Treatment to Prevent Heart At-
tack Trial; ECG, electrocardiogram.
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For a random (10%) subset of hospitalized (fatal and nonfatal) MIs and strokes,
the clinical trials center requests more detailed information. For this subset, in-hospital
electrocardiograms (ECGs) and enzyme levels (for MIs), neurologists reports, and com-
puted tomographic (CT) or magnetic resonance imaging (MRI) reports (for strokes) are
evaluated by the study endpoints committee, and the accuracy of the discharge diagnoses
are assessed.

A National Death Index (NDI) search is being performed periodically to identify
and document deaths that may have occurred among patients who are lost to follow-up. To
identify nonfatal events in patients lost to follow-up and because of the time lag inherent in
the NDI, other tracking methods, including Medicare hospitalization files (and, for selected
participants, a private tracing service) are also being used or planned.

B. Data Analysis

The primary endpoint of the antihypertensive component of ALLHAT is combined fatal
and nonfatal CHD. The primary response variable is time from randomization to devel-
opment of this event. The log-rank test (51) will be used to compare each of the non-
diuretic treatment groups to the diuretic one. For the secondary endpoints of all-cause
mortality, stroke, and combined coronary and cardiovascular outcomes, the log-rank
test will also be used. For the outcomes of left ventricular hypertrophy (LVH) by
ECG and health-related quality of life, comparison of proportions will be used to see
if there are differences in the treatment groups. For the outcome of renal disease, the
reciprocal of a participant’s creatinine values at baseline, 3 months, and year 2, 4, and 6
will be obtained. Using treatment group as a fixed effect and time as a random effect, a
treatment-by-time interaction effect will be estimated using the longitudinal models of
Laird and Ware (52).

The primary endpoint of the ALLHAT lipid-lowering component is all-cause mortal-
ity. The primary response variable is time from randomization to death. The log-rank test
will be used to compare the group assigned to pravastatin plus diet to the group assigned
to usual care plus diet. For the secondary endpoints of combined fatal and nonfatal CHD,
fatal and nonfatal cancer, and cause-specific mortality, the log-rank test will also be used.
In addition, the log-rank test will be used to compare treatments within each of the follow-
ing subgroups for the outcome of combined fatal and nonfatal CHD: men, women, 65 years
and older, younger than age 65, African Americans, non-African Americans, diabetics, and
nondiabetics. For the outcome of health-related quality of life, comparison of proportions
will be used to see if there are differences in the treatment groups.

Interim monitoring has focused on patient intake overall and within each clinical
center; center adherence to protocol; baseline comparability of treatment groups; sample
size assumptions with regard to event rates, crossover rates, competing risk and loss to
follow-up; adverse effects data; and effects of treatment on the primary and secondary
study outcomes. Interim analyses coincide with the meetings of the Data and Safety Moni-
toring Board (DSMB). Stochastic curtailment is being used for monitoring treatment dif-
ferences in both the antihypertensive and the lipid-lowering studies (53, 54).

VI. ORGANIZATIONAL STRUCTURE

The ALLHAT study has an organizational structure that differs greatly from the usual
NHLBI-supported clinical trial. This so-called large, simple trial model, implemented pre-
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viously in the ISIS trials coordinated by Oxford University investigators (55) and first
used by NHLBI in the Digitalis Investigative Group trial (56), is appropriate when the
following conditions apply: (a) a very large sample size is needed, (b) a streamlined proto-
col is possible, (c) the targeted conditions are commonly encountered in clinical practice,
and (d) there is widespread interest in the study question among clinicians.

The trial is being performed by a large number of practicing physician-investigators
at 632 practice sites who are compensated on a per-capita basis for each patient enrolled
and for follow-up visits according to a fixed payment schedule. These fees are expected
to cover the costs of the data collection (step-down and titration visits, questionnaires,
blood drawing, ECG recording) specified above. The fee does not include the cost of
required laboratory work and ECG coding, which is performed by central facilities and
paid for directly by the clinical trials center, or the costs of documenting study endpoints,
for which there is separate reimbursement.

The clinical trials center, in addition to its conventional data handling and monitoring
responsibilities, is responsible for identifying and paying these physician-investigators and
for contracting with other academic institutions to provide regional coordinators (physi-
cians, nurses, and other professionals with multicenter clinical trial experience) to assist
clinics with recruitment and protocol compliance. Approximately 16% of study patients
were recruited by DVA hospitals, which operate under separate agreement and funding
from the NHLBI and constitute one of the nine ALLHAT regions. The clinical trials center
was also responsible for awarding and supervising subcontracts for a drug distribution
center, a central laboratory, and an ECG coding center. A steering committee of experts
in the relevant subject areas has also been appointed by NHLBI; most members are also
regional physician coordinators. The clinical trials center has overall responsibility for
training and quality control. Staff from all clinical sites were required to attend a training
session. The training session included orientation to the study protocol, blood pressure
measurement training and certification, orientation to the ECG and laboratory procedures,
and training in recruitment and retention of participants as well as completion and transfer
of study forms. Periodic refresher training is held in conjunction with regularly scheduled
study investigators’ meetings. These refresher sessions include a review of correct blood
pressure measurement procedures or any problem that may be identified through review
of routine monitoring activities.

Responsibilities of the clinical trials center with regard to quality control include:
(a) reviewing all forms for completeness and accuracy prior to data entry; (b) resolving
problems by telephone or facsimile transmission with clinical sites (c) double data entry
of forms; (d) cross-forms edits to identify missing forms and procedures; (e) monitoring
the performance of study components and providing timely summary reports to the pro-
gram office and to the steering committee; and (f) providing detailed and up-to-date statis-
tical reports of study progress to the DSMB at their meetings.

The DSMB is responsible for monitoring all aspects of the study, including those
that require access to blinded data. The DSMB and its chair were appointed by the director
of NHLBI; they are experts who are not otherwise affiliated with the study. During the
active recruitment phase, the DSMB monitored the progress of recruitment and the random
allocation of participants to the various treatment arms. The DSMB may recommend modi-
fications in (or termination of) one or both study components if the study design goals
are not being met. The approval of the DSMB is required for any other significant changes
in the protocol recommended by the steering committee during the course of the study.
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At any time during the study, the DSMB may recommend discontinuation of any
of the treatment arms of either study component on any of the following grounds:

1. Compelling evidence from this or another trial of a significant adverse effect
of the study treatment(s) that is sufficient to override any potential benefit on
CHD and preclude its further use in the target population.

2. Compelling evidence from this or another trial of a significant beneficial effect
of a study treatment, such that its continued denial to the other study groups is
ethically untenable.

3. A very low probability of successfully addressing the study hypotheses within
a feasible time frame, because of inadequate recruitment, compliance, drug re-
sponse, event rate, etc.

The director of the NHLBI will make the final decision on whether to accept the DSMB’s
recommendation to discontinue any component of the study.

VII. DISCUSSION

The initial era of large-scale hypertension treatment trials began with the Veterans Admin-
istration studies of the 1960s and largely concluded with the trials in elderly patients that
reported results in the early 1990s. Such trials were designed to address the question of
whether blood pressure reduction per se conferred morbidity and mortality benefits for a
number of vascular outcomes in a variety of population groups (57). They used those
treatment regimens—now termed ‘‘traditional’’—that were known to be efficacious and
generally well-tolerated for reducing blood pressure. The trials on the whole have demon-
strated broad and important benefits. An offshoot of the original issues addressed by such
trials has been the question of how far to reduce blood pressure levels; trials of this ques-
tion were conducted in the 1980s and continue currently.

With the wide acceptance and application of results of the first generation of trials,
as well as other advances in prevention of cardiovascular diseases, CVD rates are much
lower than formerly in North America, western Europe, and Australasia. This is part of
the reason that the second generation of trials requires much larger sample sizes. Further-
more, the main question has evolved beyond that of whether to treat and is now how to
treat, that is, trials comparing active treatments. Because the differences being tested are
hypothesized to arise from what have been called ancillary properties of antihypertensive
drugs, they are expected to be smaller than those produced by BP reduction. The sample
size requirements have necessitated new approaches to organizing trials, as exemplified
by ALLHAT. The challenges engendered, including recruitment of sites and patients,
training of investigators and staff in clinical trial methods, monitoring and quality control,
and the sheer size of such efforts, are daunting. Nevertheless, the initial tasks of clinic
and patient recruitment have been successfully accomplished in ALLHAT.

A considerable number of other trials comparing active treatments have also been
initiated, both before and subsequent to starting ALLHAT (58). Several of these comparing
an ACE-inhibitor-based regimen with one based on diuretics, beta-blockers, or dihydro-
pyridine calcium-channel blockers, have reported results, including findings of both differ-
ences and no differences for a variety of endpoints (59–62). Although there has been
some suggestion of an advantage for ACE-inhibitors over other classes in the particular
case of diabetic patients, results have been neither consistent nor conclusive. Hence, the
questions that ALLHAT was designed to address remain unanswered (63, 64).
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VIII. CONCLUSIONS

Hypertension is a frequent health problem in Americans, especially among older individu-
als and blacks. It is associated with a significantly increased risk of morbidity and mortal-
ity. At the time ALLHAT was initiated, only diuretics and beta-blockers had been shown
to reduce this risk in long-term clinical trials. Whether newer and usually more costly
antihypertensive agents confer increased benefit in terms of reduced incidence of cardio-
vascular disease is still unknown. Also unknown is the potential benefit of treating moder-
ately hypercholesterolemic older men and women with an HMG CoA-reductase inhibitor,
not only in terms of reduced coronary heart disease but also total mortality. The results
of ALLHAT are expected to be available by the year 2002 and should help resolve these
issues of major importance to medical practice and public health.

NOTE ADDED IN PROOF

The doxazosin arm of ALLHAT was terminated by decision of the Director, NHLBI, on
January 24, 2000. The results leading to the termination are reported in JAMA 2000; 283:
1967–1975.

ACKNOWLEDGMENTS

The ALLHAT investigators acknowledge contributions of study medications supplied
by Pfizer, Inc. (amlodipine and doxasozin), AstraZeneca (atenolol and lisinopril), and
Bristol-Myers Squibb (pravastatin), and the financial support provided by Pfizer to
NHLBI.

APPENDIX I

Considerations for Sample Size

The statistical power to test the primary hypothesis of the antihypertensive trial is approxi-
mately 82.5%, based on the following assumptions: (a) sample size of 40,000 (approxi-
mately 22,000 men and 18,000 women; (b) 6-year incidence of CHD events of 7.8% in
the diuretic group (derived from the Framingham Study, the Hypertension Detection and
Follow-Up Program [HDFP], and SHEP [personal communication]); (c) a 16.3% reduction
in the CHD event rate after adjustment for noncompliance and losses to follow-up in each
of the three nondiuretic treatment arms compared with the diuretic arm; (d) rates of cross-
over between each of the other study drugs and chlorthalidone or non-study medication
of 2.75% in each of the first 3 years and 6% over the last 3 years of follow-up (rates
derived from the TOMHS [personal communication]), yielding a cumulative 24% rate of
patients crossing over to another medication at least once in 6 years; (e) CHD status
undeterminable at the end of the study for 16.8% of patients because of competing risks
(non-CHD death) or loss to follow-up; (f) a 25% reduction in CHD event rates (before
adjustment for noncompliance and losses to follow-up) among the 10,000 patients random-
ized to the active treatment arm of the cholesterol-lowering trial component, and (g) a
type I error of 0.05 (two-sided), corresponding to a critical Z-score of 2.37 after adjustment
for multiple comparisons using the Dunnett procedure (65).
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The original ALLHAT protocol used an age criterion of 60 or older and did not
include current cigarette smoking as a risk factor. Lowering the entry age decreased the
CHD event rate, but the addition of the smoking risk factor resulted in the CHD event
rate estimate remaining at 1.35% per year. More pessimistic or optimistic assumptions
were also considered. These include (a) event rates of 1.05%/year to 1.65% per year; (b)
crossover rates of 22% to 26% and loss rates of 11.8% to 21.8%. Power estimates ranged
from 77% to 86% under these assumptions.

Based on National Health and Nutrition Examination Survey (NHANES) II (66)
data for ages 65 to 74 years, in which the LDL-C cutpoints for ALLHAT patients without
CHD corresponded to the 25th and 86th percentile (men) and to the 14th and 76th percen-
tile (women), just over 60% of patients in the ALLHAT study will be LDL-eligible for
the cholesterol-lowering trial. It was assumed that about 80% of LDL-eligible patients (or
50% of all ALLHAT patients) would participate in the cholesterol-lowering trial. Slightly
lower estimates (slightly under 60%) were later obtained in the more recent (1988–1991)
NHANES III data (National Center for Health Statistics, personal communication), re-
flecting a general downward temporal trend in LDL cholesterol levels as well as the incor-
poration of more data from blacks and from persons aged 75 to 84 years.

The statistical power to test the primary hypothesis of the cholesterol-lowering trial
is approximately 80%, based on the following assumption: (a) sample size of 10,000 allo-
cated equally between pravastatin and usual care groups; (b) 6-year total mortality of
12.2% (2.15% per year) in the usual care group (derived from Framingham, HDFP and
SHEP [personal communication]); (c) a 20% reduction in mortality in the pravastatin
treatment arm before adjustment for dropouts and drop-ins; (d) a ‘‘dropout’’ rate (from
pravastatin treatment to no treatment) of 6% in year 1, and 3% in all subsequent years,
and a ‘‘drop-in’’ rate (from no treatment to pravastatin or a similar drug) of 2.5% per
year—cumulative rate of 19.3% of pravastatin patients off treatment and 14.1% of usual
care patients on treatment at the end of 6 years; (e) no losses to mortality follow-up; (f)
a 10% reduction in mortality rate in each of the three nondiuretic treatment arms of the
antihypertensive trial component; and (g) a type I error α � 0.05 (two-sided), correspond-
ing to a critical Z-score of 1.96.

The drop-in and drop-out rates were derived from several assumptions: (a) based on
previous experience with HMG CoA reductase inhibitors, compliance was expected to be
good, with the bulk of noncompliance occurring early in the trial; (b) in most cases, the study
physician is the patient’s primary care physician and thus, there is less concern about outside
physicians changing patient’s medicines than in a more conventional, university-based trial;
(c) the patients being considered for the cholesterol-lowering trial have lower LDL-C levels
than are typically treated in ordinary practice. Many patients in the United States who clearly
need cholesterol-lowering drugs are not being treated despite higher LDL levels. Given the
cost of lipid-lowering agents and the relatively modest lipid levels of the patients, not many
patients assigned to no medication are expected to be taking active lipid-lowering medica-
tion; (d) ALLHAT physicians are advised not to randomize patients who are already receiv-
ing cholesterol-lowering drugs or who, in their opinion, should receive these drugs as part
of their ‘‘usual care.’’ Thus, potential crossovers to active treatment are, for the most part,
not being randomized in the first place; (e) after the publication of the 4S results, the protocol
was amended to exclude patients with established CHD, LDL-C above 130 mg/dl from the
cholesterol-lowering trial. Also, the 4S study had a drop-in rate of 13% and a drop-out rate
of 10% over the course of 5.4 years.
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In the original ALLHAT protocol with an age criterion of 60 years or older and not
including current cigarette smoking as a risk factor, we estimated a 2.35% per year mortal-
ity rate and an unadjusted treatment difference of 12.5%. With the protocol modifications
and the results of the 4S study (adjusted 30% treatment difference), the new assumptions
were felt to be reasonable.

APPENDIX 2

ALLHAT Research Group Investigators
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I. INTRODUCTION AND BACKGROUND TO ANBP2

The Australian Therapeutic Trial in Mild Hypertension was one of the first trials to demon-
strate the benefit of lowering blood pressure with antihypertensive therapy in reducing
morbidity and mortality from cardiovascular disease in a population of mild-to-moderate
hypertensive subjects (1). Since the conduct of this first Australian National Blood Pres-
sure Study (detailed in Chapter 4), the management of hypertension in Australia has shifted
from the domain of specialist clinics to that of the family practitioner (2). In addition,
family practitioners have been given a wider selection of therapeutic options with which
to manage hypertension.

The appropriate selection of treatment strategies based on evidence from clinical
trials remains a difficulty in the management of hypertension, both because of the limited
range of agents subjected to outcome-based clinical trials and the lack of outcome data
related to nonpharmacological treatments. For example, until 1997, no published outcome
trial in hypertension had demonstrated the benefit of angiotensin-converting enzyme
(ACE) inhibitor or calcium channel blocker therapy. Despite the lack of evidence, the use
of these agents for the management of hypertension has been steadily increasing for the
past 10 to 15 years to the point where they are now the most common agents prescribed
for hypertension in most population groups, including the elderly (3).

* ANBP2 Management Committee: L. M. H. Wing, C. M. Reid, L. J. Beilin, M. A. Brown, G. L. R. Jennings,
C. I. Johnston, J. J. McNeil, J. E. Marley, T. O. Morgan, P. Ryan, M. J. West.
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The rationale for the widespread use of these newer agents hinges in part on the
results of the earlier outcome trials using mainly diuretic- and beta-blocker-based therapy.
Although the expected benefits of blood pressure reduction have been achieved in terms
of stroke reduction (40%), the reduction of risk from coronary heart disease has been less
than that predicted from epidemiological studies (4–8). It has been proposed that this
reduced efficacy with respect to coronary heart disease risk may be related to the agents
used, as diuretics and beta-blockers have some adverse effects on cardiovascular risk fac-
tors, such as lipids. On a theoretical basis, some properties of the newer agents, in particu-
lar the ACE inhibitors, suggest they may be more beneficial for reducing coronary heart
disease risk. These include the lack of any effect on circulating lipids (9), a reduction in
left ventricular hypertrophy (10), improved survival in the presence of cardiac failure (11),
or reduced left ventricular function (12) and enhanced insulin sensitivity (13). Whether
any of these putative additional properties will have any influence on outcome in the
treatment of hypertension is still unknown.

Obtaining such information is considered vital, as the cost of antihypertensive ther-
apy has a major impact on community and personal resources worldwide. In the Australian
context, current government subsidy for antihypertensive drugs under the Australian Phar-
maceutical Benefits Scheme is approximately AUS$375M per annum (14). This figure
contains a disproportionate contribution from the newer agents (40% to 50% total antihy-
pertensive prescriptions) for which the costs are 3 to 15 times greater than with a diuretic
or a beta-blocker.

II. PRIMARY AIMS AND OBJECTIVES

The ANBP2 was conceived as a cardiovascular outcome trial based on the initial selection
of therapeutic agent in older hypertensives. The primary aim is to determine, in hyperten-
sive subjects aged 65 to 84, whether there is any difference in total cardiovascular events
(fatal and nonfatal) over a 5-year treatment period between antihypertensive treatment
with an ACE inhibitor-based regimen and treatment with a diuretic-based regimen.

The secondary objectives are to compare the difference between the two treatment
regimens for total mortality, cardiovascular and noncardiovascular mortality, fatal and
nonfatal cardiovascular events, total fatal and nonfatal strokes, total fatal and nonfatal
coronary events, total fatal and nonfatal cardiovascular events other than strokes and coro-
nary events, final drug regimens, and postrandomization blood pressure. The aims and
objectives are summarized in Table 1.

III. STUDY DESIGN AND SAMPLE SIZE

The study is being conducted in Australian general (family) practices using a PROBE
design, that is, prospective randomized open-label with blinding of end-point assessment
(15). The PROBE design was chosen because of its suitability for the general practice
environment.

Six thousand subjects (3000 in each group) were required, over a 5-year follow-up
period (on average), at the 5% level of significance and with a power of 90%, to detect
a 25% difference in total cardiovascular events (including cardiovascular deaths) between
treatment regimens. The sample size includes an allowance of an extra 700 subjects to
account for dropouts and crossover to the alternative regimen. The difference of 25% in
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Table 1 ANBP2 Main Aim and Objectives

Main aim: To determine in hypertensive subjects aged 65–84 years whether there is
any difference in total cardiovascular events (fatal and nonfatal) over a
5-year treatment period between subjects treated with a diuretic-based
regimen or ACE inhibitor-based regimen.

Secondary objectives: To compare the difference between the two treatment regimens for:
Mortality (total, CVD and non-CVD)
Cardiovascular events (fatal and nonfatal)
Stroke (total, fatal, nonfatal)
Coronary events (total, fatal, nonfatal)
‘‘Other’’ CVD events (total, fatal, nonfatal)
Postrandomization blood pressure
Final drug regimens

Abbreviations: ANBP2, 2nd Australian National Blood Pressure Study; ACE, angiotensin-converting enzyme;
CVD, cardiovascular disease.

total cardiovascular events between the two treatment groups will, if present, be of real
clinical significance.

The sample size calculation was based on the number of cardiovascular events (ap-
proximately 20 per 1000 patients per year) observed in the groups receiving active drug
treatment reported in the Systolic Hypertension in the Elderly (SHEP) (6) and Medical
Research Council (MRC) elderly (8) studies. Initial sample size estimations were based
on Fisher’s exact test using cumulative event rates of 0.105 and 0.0788 over 5 years for
the diuretic and ACE groups, respectively. We also calculated sample sizes based on the
log-rank test for comparison of survival experience and subsequently refined this using
Palta and McHugh’s methods of adjusting for withdrawal and noncompliance because of
crossovers (16). There was close agreement between the methods. The final analysis of
data is planned after 30,000 patient-years of observation, that is, 6000 subjects followed
up for at least 5 years.

A. Involving General (Family) Practitioners

General (family) practitioner (GP) participation was considered to be a crucial factor in
the likely success of ANBP2. A network of participating GPs throughout Australia needed
to be established to allow the study to proceed. An initial feasibility study was conducted
to ensure that practitioner and patient recruitment strategies were satisfactory (17). An
academic GP (regional medical coordinator) was appointed in each of five centers (based
in Australian mainland states) to conduct peer-to-peer recruitment of GPs who might be
interested in participating in the study. General practitioners were initially approached by
letter and then received a telephone call from the regional medical coordinator, who ex-
plained the study and the implications for the GP. Those GPs indicating a willingness
to receive more information were sent an information package about the study, and an
appointment was made to discuss the study with the regional medical coordinator and one
of the study nurses.

The conduct of ANBP2 in Australian general (family) practice has yielded more
than 1900 participating GPs from approximately 1000 practices. This has now formed the
basis of a GP research network for the conduct of other large-scale trials in Australian
general practices.
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B. Study Population

To identify potential subjects for the study, each general practitioner was asked to allow
one of the study nurses to have access to the list of patients attending the practice. The
nurse then identified all patients on the list who were ages 65 to 84. After review of the
list by the GP, all individuals who were considered physically able to attend were sent a
letter inviting them to attend a blood pressure screening program at the practice office.
At this initial screening, blood pressure was measured by the study nurse, willingness of
the patient to participate was ascertained, and information relating to exclusion criteria
was sought. Untreated patients satisfying the initial visit criteria proceeded to the study
entry phase. For those patients on antihypertensive therapy and interested in continuing,
a consultation with the GP was arranged to commence withdrawal of current therapy
according to predetermined guidelines. When the subject was free of drug therapy for at
least 1 week, and if no new major symptoms had developed, the subject proceeded to the
study entry phase. The study entry phase involved two further visits with the study nurse,
together with satisfaction of the inclusion/exclusion criteria for the trial (Table 2).

Table 2 Enrollment Protocol and Inclusion/Exclusion Criteria for ANBP2

Enrollment protocol
Identify all practice patients aged 65–84 years.
Letter of invitation to BP screening program at the practice.
BP screening conducted by study nurse.
All treated and any untreated subjects (with entry level blood pressure) reviewed by GP to

satisfy inclusion/exclusion criteria and willingness for study.
Treated patients withdraw from medication and are drug free for at least 1 week.
Treated and untreated subjects have two additional weekly visits to satisfy BP eligibility

criteria.
Average of last two visits BP readings taken as study entry value.

Inclusion criteria
Men or women aged 65–84 years of age.
Have no history of recent cardiovascular morbidity.
Are capable of and willing to give informed consent.
Are ambulant and able to attend their GPs practice throughout the study.
Average untreated sitting blood pressure on the second and third screening visits of the study

� 60 mm Hg systolic or � 90 mm Hg diastolic (if systolic � 140 mm Hg).
Exclusion criteria

Any life threatening illness considered to be likely to cause death within the study’s
observation period (5 years).

An absolute contraindication to an ACE inhibitor or diuretic.
Plasma creatinine concentration � 0.2 mmol/L. The measurement should have been within

the past 12 months or, if this is not available, will be undertaken at the initial screening
visit.

Presence of any previous nonfatal cardiovascular event which defines an endpoint for the
study in the past 6 months (see #5).

Accelerated or malignant hypertension.
Dementia.
Consideration by the subject’s GP that the subject is unsuitable for the study.

Abbreviations: ANBP2, 2nd Australian National Blood Pressure Study; BP, blood pressure; GP, general prac-
titioner; ACE, angiotensin-converting enzyme.
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Each nurse participated in a training and validation program related to blood pressure
measurement techniques before commencing work on the screening program. Blood pres-
sure was taken after at least 5 minutes rest in the sitting position using a standard mercury
sphygmomanometer. The subject’s arm was free of any constricting clothing and comfort-
ably supported at the level of the heart. The arm in which the recording was made was
noted. Appropriate cuff choice was made on the basis of arm circumference measurements.
Systolic blood pressure was taken as the pressure at which the Korotkoff sounds are first
heard (phase 1), and diastolic pressure was taken at the disappearance of the Korotkoff
sounds (phase 5).

On each occasion, three blood pressure measurements were taken. The average of
the second and third blood pressure measurements was recorded as the blood pressure for
that occasion. If these two blood pressure measurements differed by more than 10 mm
Hg systolic or more than 6 mm Hg diastolic, further measurements were taken until two
consecutive measurements were within these limits. At subsequent screening visits, blood
pressure was taken by the same observer (where possible) as on the first occasion using
the same arm and the same technique.

C. Randomization

Central randomization was achieved by telephoning the data management center at the
conclusion of each randomization visit. Data were verified, and subjects satisfying all
inclusion criteria were allocated to either ACE inhibitor or diuretic groups. Randomization
was stratified for age (older or younger than age 75) and state of origin.

D. Drug Treatments

Once randomized, subjects commenced either ACE inhibitor- or diuretic-based treatment.
Subsequent treatment adjustments to achieve goal blood pressures (Table 3) were made
according to each supervising GPs usual practice, but broad guidelines on treatment were
provided (Table 4). The target goal blood pressures focus on obtaining a systolic blood
pressure of less than 140 mm Hg or a diastolic blood pressure of less than 90 mm Hg
corresponding to current guidelines (22).

Table 3 Goal Blood Pressure for ANBP2

Goal blood pressure
For entry systolic blood Reduction of systolic blood pressure by at least 20 mm Hg to

pressure � 160 mm Hg a value � 160 mm Hg.
For subjects whose systolic blood pressure � 160 mm Hg

was the entry criterion, further reduction of systolic blood
pressure to � 40 mm Hg should be attempted wherever
possible if tolerated by the subject.

For entry diastolic blood Reduction of diastolic blood pressure by at least 10 mm Hg
pressure � 90 mm Hg to a value � 90 mm Hg

For subjects whose diastolic blood pressure � 90 mm Hg was
the entry criterion, further reduction of diastolic blood
pressure to � 80 mm Hg should be attempted wherever
possible if tolerated by the subject.

Abbreviation: ANBP2, 2nd Australian National Blood Pressure Study.
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Table 4 Drug Regimens and Goal Blood Pressures for ANBP2

Ace inhibitor group Diuretic group

Step 1: ACE inhibitor (enalapril) Step 1: Diuretic
Step 2: Beta-blocker or calcium channel antago- Step 2: Beta-blocker, or calcium channel antag-

nist or alpha blocker onist, or alpha blocker
Step 3: Drug from a class not used in step 2 or Step 3: Drug from a class not used in step 2

a diuretic
Step 4: Drug from a class not used in steps 2 Step 4: Drug from a class not used in steps 2

or 3 or 3

Abbreviations: ANBP2, 2nd Australian National Blood Pressure Study; ACE, angiotensin-converting enzyme.

The group initially receiving a diuretic had been advised not to receive an ACE
inhibitor at any stage but may have the addition or substitution of drugs from any other
class of antihypertensive agent if required. The group initially receiving an ACE inhibitor
may also have the addition or substitution of drugs from other commonly used classes of
antihypertensive agents if required, including, if necessary, a diuretic.

For subjects randomized to the ACE inhibitor arm of the study, GPs were advised
to prescribe enalapril (Renitec) as the ACE inhibitor, although GPs wishing to prescribe
a different ACE inhibitor were at liberty to do so. For each antihypertensive drug, the
starting dose was at the lower end of the recommended dose range for older subjects as
stated in the drug’s official product information. In the case of thiazide and thiazide-like
diuretics, the starting dose was recommended at half of the usual daily dose, for example
hydrochlorothiazide 25 mg, bendrofluazide 2.5 mg, and chlorthalidone 12.5 mg. For all
drugs, dose increments and maximum daily doses also were as recommended in the appro-
priate product information. The cost of all drugs was subsidized through the Australian
Government Pharmaceutical Benefits Scheme.

If a patient has been intolerant of a particular agent, it has been recommended that
a substitute agent from the next step in the particular randomization arm for that subject
should be prescribed. Additional therapy to achieve goal blood pressures has been sug-
gested by following the steps in the specific randomization group to which the subject
has been allocated.

E. Subject Follow-Up and Study Endpoints

The frequency of patient follow-up visits has been determined by the practitioner’s usual
practice for stabilization and follow-up of hypertensive patients, with the proviso that each
patient be seen at least every 6 months throughout the study. The practitioner was asked
to document on each occasion in the medical record the patient’s blood pressure and drug
treatment, particularly noting doses and treatment alternations. Every 6 months, a study
nurse reviewed outcome information for each subject in terms of study endpoints (Appen-
dix 1), drug dosing, and blood pressure.

If an endpoint occurred, copies of any available clinical information relating to that
endpoint were collected, such as hospital discharge summaries, results of investigations
undertaken by the GP, consultants’ letters, death certificates, and autopsy reports. These
data relating to study endpoints were forwarded to the data management center, where
all subject identifiers apart from the subject’s coded study number were removed before
presentation to the endpoint committee.
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F. Data Analysis

Comparability of baseline characteristics between the two treatment groups will be as-
sessed by chi-square tests for categorical variables and t-tests (or the nonparametric equiv-
alent) for continuous variables. The primary endpoint of interest is total cardiovascular
events (including cardiovascular deaths). Secondary endpoints include death and coronary
heart disease events. Both the final and interim analyses will include safety as well as
efficacy analyses. All comparisons between treatments will be on an intention-to-treat
basis. For the primary analysis, we will use the methods of Cook and Lawless to calculate
a robust test statistic for recurrent events based on the cumulative expected number of
events (18). The test statistic is adjusted for one interim analysis, as requested by the
independent data monitoring committee, using an O’Brien-Fleming error spending func-
tion. The test will have a power of 58% and 81% at the interim and final analyses, respec-
tively.

G. Study Organization

The organization established for ANBP2 is shown in Figure 1. The study has been coordi-
nated by a management committee appointed by the High Blood Pressure Research Coun-
cil of Australia. This committee provides overall policy for and direction of the project.
The ethics review committee of the Royal Australian College of General Practitioners has
approved the study.

H. Planned Substudies

In addition to the main trial, four substudies are being conducted. The substudies focus
on specific aspects of hypertension, including left ventricular hypertrophy, health econom-

Fig. 1 Study organization.
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ics and quality of life, ambulatory blood pressure monitoring, and genetic determinants.
Each substudy has a coordinating committee and separate study protocol detailing sample
size requirements. Each study is being conducted in a different location to reduce the
demand on participating subjects and GPs within ANBP2.

1. Left Ventricular Hypertrophy

The primary aim of this study is to determine whether any difference in total mortality
and morbidity from cardiovascular events between the two treatment groups can be related
to entry echocardiographic parameters (e.g., left ventricular mass); secondly, to compare
the effects on cardiac structure and function of treatment with an ACE inhibitor- or a
diuretic-based treatment over a 3-year period; and finally, to determine whether any change
in cardiac structure or function after treatment with an ACE inhibitor or a diuretic over
a 3-year period is associated with the occurrence of cardiovascular events.

2. Health Economics and Quality of Life

The specific objectives in this study are to compare the alternative regimens in terms of
opportunity costs to Australian society, including the costs of the management of side
effects and adverse events and cost-effectiveness. The impact on patients’ health-related
quality of life while taking medication is also being assessed. The quality of life instru-
ments being used are the SF36 (19), Rosser’s classification of illness scale and the Symp-
tom Distress Index (20). These instruments were chosen primarily for their suitability for
use in a general practice situation.

3. Ambulatory Blood Pressure Monitoring

The main aim of this study is to determine whether blood pressure, assessed by ambulatory
monitoring at study entry, is more closely related to cardiovascular outcome at 5 years
than office blood pressure at study entry in a population of older hypertensives managed
by their general practitioners. In addition, the study aims to determine whether elderly
subjects with ‘‘white coat hypertension’’ at study entry, who then receive antihypertensive
medications, have different cardiovascular outcomes than those without white-coat hyper-
tension.

4. Genetic Study

The genetic study is intended to determine whether there is a relationship between specific
genotypes related to blood pressure control and cardiovascular outcomes in elderly hyper-
tensive patients. In addition, the association between these genotypes and response to
antihypertensive drug therapy will also be examined. Initially, genotype frequencies for
the ACE, angiotensinogen, and alpha-adducin genes will be compared between patients
who are enrolled as part of the ANBP2 and age- and sex-matched normotensive controls
who will be selected from the Victorian Family Heart Study (21). To ensure sufficient
genetic contrast, controls will have blood pressure values below the median for their age
and sex. As it has been suggested that some genetic markers are associated with varying
degrees of hypertension, the cases will be stratified in secondary analyses according to
entry blood pressure levels. As more predictive genetic markers become established, their
relationship to outcome will also be examined in the study population.
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Table 5 General Practitioner Participation
in ANBP2

State Practices GPs

New South Wales 193 299
Queensland 193 378
South Australia 153 353
Victoria 373 665
West Australia 96 243
Total 962 1938

Abbreviations: ANBP2, 2nd Australian National
Blood Pressure Study; GP, general practitioner.

I. Study Progress

1. Recruitment and Baseline Characteristics

The ANBP2 pilot study commenced in two states (Victoria and South Australia) in April
1995. General practitioner involvement was acceptable in these two states and the study
was expanded in October 1995. Final GP involvement in the study is shown in Table 5.
This figure represents 10.7% of all registered GPs in Australia.

Patient recruitment to the trial closed on June 30, 1998 with 6083 patients being
randomised. A total of 54,399 subjects were screened for entry into the trial providing a
randomization rate of 11%. Figure 2 illustrates the total number screened and randomized
in each participating state.

The flow of subjects through to randomization is shown Figure 3 of randomized

Fig. 2 Screening and randomization figures in the five participating centers of the 2nd Australian
National Blood Pressure Study (ANBP2).
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Fig. 3 Flow of subjects from identification to randomization into the 2nd Australian National
Blood Pressure Study (ANBP2).

subjects who had been on previous antihypertensive medication. The baseline characteris-
tics of the 6083 patients randomized are shown Table 6.

2. Blood Pressure Control and Endpoint Accumulation

At August 1999, more than 99% of subjects had had at least one 6-month review of follow-
up case notes. Target systolic blood pressure of less than 160 mm Hg has been achieved
by 63% of subjects, with 26% achieving less than 140 mm Hg. Diastolic blood pressure
lower than 90 mm Hg has been achieved by 67% of subjects, with 19% achieving less
than 80 mm Hg. However, only 24% of subjects are achieving the current International
Society of Hypertension target of both systolic and diastolic blood pressure less than
140/90 mm Hg (22). The mean systolic and diastolic blood pressure and the percentage
achieving target levels (systolic � 160 mm Hg and diastolic � 90 mm Hg) over the course
of the follow-up period is also shown in Figure 4.

Table 7 shows the number and current rate of endpoints after approximately 10,380
of the planned 30,000 patient-years of observation.

IV. DISCUSSION

Previous trials have clearly demonstrated that in an older hypertensive population, cardio-
vascular outcomes are significantly reduced with antihypertensive therapy (6–8, 23). The
question being addressed by ANBP2 is not whether treatment is beneficial, but whether
the choice of newer agents (ACE inhibitors) as first line therapy confers additional benefit
to that derived from older drugs (diuretics).

Since their release onto the Australian market in 1986, there has been a steady and
rapid increase in the use of ACE inhibitors, primarily for the control of blood pressure
and a steady decrease in the use of diuretics and beta-blockers (3). As ACE inhibitors are
more expensive, the increase and rate of increase in the use of these agents accounts for
a large proportion of the current and increasing costs attributed to antihypertensive agents
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Table 6 Baseline Characteristics of ANBP2 Study
Cohort (n � 6083)

Male:Female (%) 51:49
Age: mean 71.9 years

65–74 years 70%
75–84 years 30%

Blood pressure (mm Hg) 167 � 13/91 � 8
Previously treated 62%
Body mass index 27 � 4 kg/m2

Smoking current 7%
ex-smoker 44%

Alcohol current 69%
ex-drinker 6%

Physically active 75%
Coronary heart disease 10%
MI, angina, CABG, PTCA
Cerebrovascular disease 5%
Stroke, TIA
Other vascular disease 2%
Diabetes mellitus 7%
Hypercholesterolemia 36%

treated 13%

Abbreviations: ANBP2, 2nd Australian National Blood Pressure
Study; MI, myocardial infarction; CAB6, coronary artery bypass
graft; PTCA, percutaneous transluminal coronary angioplasty;
TIA, transient ischemic attack.

Fig. 4 Proportion of subjects achieving goal systolic and diastolic blood pressure during the fol-
low-up phase of the 2nd Australian National Blood Pressure Study (ANBP2).
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Table 7 Endpoint Accumulation After 10379 Patient-Years of
Observation in ANBP2

Rate (x 1000
Endpoint* Number per year)

Sudden cardiac death 21 2.0
Rapid cardiac death 2 0.2
Heart failure or other coronary death 5 0.5
Fatal myocardial infarction 7 0.7
Fatal stroke 12 1.2
Nonfatal myocardial infarction 47 4.5
LV or heart failure 48 4.6
PTCA or CABG 75 7.2
Other coronary syndromes 39 3.8
Other cardiovascular events 3 0.3
Nonfatal stroke 64 6.2
TIA 32 3.1
TOTAL 355 34.2

* Numbers represent the total number of events (first and subsequent).
Abbreviations: ANBP2, 2nd Australian National Blood Pressure Study; LV, left ven-
tricular; PTCA, percutaneous transluminal coronary angioplasty; CABG, coronary ar-
tery bypass graft; TIA, transient ischemic attack.

(3). From a community perspective, assessment of the value of ACE inhibitor use in
comparison to other less expensive drug treatments is needed to justify the cost-effective-
ness of current prescribing patterns.

Since the commencement of ANBP2 in 1994, only one trial has been published
that compares the effects of newer and older therapies on cardiovascular outcomes in
hypertension (24). The Captopril Prevention Project (CAPPP) study overall found that
ACE inhibition was as effective as conventional diuretic β-blocker therapy in the preven-
tion of cardiovascular morbidity and mortality in a population aged 25 to 66; however,
stroke reduction was greater in the conventional therapy group. In an elderly population
in which the risk of stroke is greater, clarification of the role of ACE inhibition as the
initial choice of agent to reduce coronary heart disease and stroke risk is needed, and the
results of ANBP2 will thus contribute important data.

In developing the protocol for ANBP2, it was important that the study design should
reflect the setting in which hypertension is most commonly managed in Australia, namely
general (family) practice. Although double-blind, randomized, controlled trials may be
the most rigorous design for determining whether interventions are effective, they may
not be the most appropriate to determine efficacy in the ‘‘real world of general practice.’’
An alternative to the double-blind, randomized controlled design that is being increasingly
utilized in outcome studies, and which is being used in ANBP2, is the PROBE design
(15). The advantage of this design is that it enables major questions related to the long-
term impact of interventions to be assessed in the manner in which they are used.

One of the unique aspects of ANBP2 is that it is first cardiovascular outcome trial
to be conducted entirely in a general practice setting in Australia. More than 2000 general
practitioners have been involved in the project, which incorporates approximately 1 in 10
general practitioners in the nation. A potential advantage of general practice-based re-
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search is that GPs are the major prescribers of medication for the management of hyperten-
sion and, as such, it is likely that the results of the trial will be readily accepted by this
group. It has been well recognized that major difficulties have occurred in the transition
of clinical trial results to influencing patient management in practice, and involving such
a large number of primary health care providers may assist in disseminating results.

However, conducting research in general practice according to the standards outlined
by the Australian Therapeutic Goods Administration’s Guidelines for Good Clinical Re-
search Practice (25) has been a major challenge (17). Although the screening and random-
ization steps in ANBP2 were conducted by study nurses trained objectively to identify
the hypertensive cohort, subsequent follow-up is blended with routine patient management
in the actual setting of general practice by GPs and as such, protocol adherence is an
important issue (26). Strategies adopted include peer-to-peer GP training and support,
individual performance feedback to each site, and reviewing of case records by study
nurses for endpoint data on a 6-monthly basis. To date, these strategies have provided
endpoint data suitable for adjudication by the independent endpoint committee (n � 355),
minimal loss to follow-up (� 1%), and high levels of adherence to drug treatment protocol
(� 70%).

The instigation of this trial has also led to the establishment of a unique partnership
between the Australian government and the pharmaceutical industry in terms of the fund-
ing arrangements for ANBP2. The funding arrangement involves the provision of study
medications through the Australian government scheme for subsidy of pharmaceuticals,
the Pharmaceutical Benefits Scheme (PBS), and the costs of general practice consultations
for patients being claimed through the Australian universal health care scheme, Medicare.
Merck, Sharp and Dohme (Australia) Pty. Ltd. provided support for infrastructure includ-
ing nursing staff, data collection and analysis, and coordinating personnel for the project.

Since the commencement of ANBP2, additional partnerships have been added to
the joint venture funding arrangements. The Australian National Heart Foundation and
SpaceLabs Pty. Ltd. are providing support for the conduct of the ambulatory blood pres-
sure monitoring substudy; the National Health and Medical Research Council of Australia
for the independent data monitoring committee and the genetic substudy; the Victorian
Health Promotion Foundation for evaluation of the efficacy and long-term safety of drug
withdrawal before the screening phase. This additional support (at relatively low cost for
each individual sponsoring agency) has provided the opportunity to add further value to
government and industry support for ANBP2.

Evidence-based medical practice hinges on the use of ‘‘current best evidence’’ to
make decisions about the appropriate management of individual patients (27). With limited
and highly competitive resources, the opportunity for outcome trials to be funded through
the government support is limited. The design of ANBP2, its unique funding arrangements,
and the strategies implemented for ongoing patient monitoring and protocol adherence
are enabling health outcomes research for the management of hypertension in Australia
to be conducted in the course of current practice. The true winners will be the Australian
public who will have ‘‘added value’’ to the costs incurred with the use of current medica-
tion.
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APPENDIX 1 ANBP2 Endpoint Definitions and Required Evidence

1. Death-cardiovascular
Coronary artery disease death

Endpoint Supporting information

Myocardial infarction 1. Death certificate
Autopsy or death certificate diagnosis, with definite or suspected diag- 2. Autopsy report (if

nosis of myocardial infarction within 4 weeks of death. available)
3. Hospital records
4. GP records

Sudden cardiac death 1. Death certificate
Death occurring within 1 hour of the onset of new cardiac symptoms 2. Autopsy report (if

(ischemic chest pain or sudden collapse); available)
OR 3. Hospital records

Unwitnessed death after last being seen without new cardiac symp- 4. GP records
toms, and in each case, without any noncoronary disease (clinically
or at autopsy) that could have been rapidly fatal.

Rapid cardiac death (death after possible myocardial infarction) 1. Death certificate
1. Death within 1–24 hours of the onset of severe cardiac symptoms 2. Autopsy report (if

unrelated to other known causes. available)
2. Death in hospital with possible myocardial infarction (i.e., patients 3. Hospital records

who have had typical ischemic pain and whose electrocardiogram 4. GP records
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Coronary artery disease death—Continued

Endpoint Supporting information

and enzyme results do not fulfill the criteria for definite myocardial
infarction and in whom there is no good evidence for another diag-
nosis for the event), e.g. resuscitated sudden deaths who live for a
few hours often fall into this category.

Cardiac failure (with coronary cause) 1. Death certificate
Death resulting from heart failure (prior grade 3–4 dyspnea New York 2. Autopsy report (if

Heart Association), without any defined noncoronary cause. available)
3. Hospital records
4. GP records

Other coronary death 1. Death certificate
Any death in which the underlying cause is certified as coronary (and 2. Autopsy report (if

in which there is no evidence for a noncoronary cause of death, clini- available)
cally or at autopsy) e.g., perioperative death after coronary artery 3. Hospital records
grafts may fall into this category. 4. GP records

Other cardiovascular deaths

Endpoint Supporting information

Cardiac failure 1. Death certificate
Death resulting from heart failure (prior grade 3–4 dyspnea New York 2. Autopsy report (if

Heart Association), with any defined noncoronary cause. available)
3. Hospital records
4. GP records

Other vascular deaths 1. Death certificate
Any death certified as caused by vascular but not cardiac disease, e.g., 2. Autopsy report (if

ruptured aortic aneurysm, dissecting aortic aneurysm, malignant hy- available)
pertension, renovascular disease, complications of peripheral vascu- 3. Hospital records
lar disease. 4. GP records

Noncoronary cardiac 1. Death certificate
Any death in which the underlying cause is certified as the result of 2. Autopsy report (if

noncoronary cardiac disease, e.g., rheumatic heart disease. available)
3. Hospital records
4. GP records

Cerebrovascular death

Endpoint Supporting information

Stroke 1. Death certificate
Any death resulting from the rapid onset of a new neurological deficit 2. Autopsy report (if

attributed to obstruction or rupture in the arterial system. available)
3. Hospital records
4. GP records

Noncardiovascular deaths

Endpoint Supporting information

Noncardiovascular death 1. Death certificate
Any other death 2. Autopsy report (if

Cancer available)
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Noncardiovascular deaths—Continued

Endpoint Supporting information

Trauma 3. Hospital records
Suicide 4. GP records
Renal failure
Any other cause

2. Nonfatal Cardiovascular Events
Coronary artery disease

Endpoint Supporting information

Myocardial infarction 1. Hospital notes
Any two of the following three 2. GP notes
a. History of typical ischemic pain lasting for at least 15 minutes and 3. Electrocardiogram

unresponsive to sublingual nitrates (if given); of event at begin-
b. Elevation of creatine kinase (CK) enzymes to more than twice the ning (admission)

upper limit of normal (for the laboratory), and more than twice the and 24 hours.
level shown by the patient in the routine test either immediately be- 4. Laboratory report
fore or after the attack; confirming peak

c. Electrocardiographic changes of: new Q waves � .03 sec in � 2 CK
leads of same group, or evolution of ST-T changes with ST eleva-
tion of 2 mm or more in anterior leads or 1 mm or more in inferior
or lateral leads, followed by T-wave inversion of 1 mm or more in
the same group of leads.

Evolution over time, therefore, requires a minimum of two traces taken
at least 1 day apart.

Lead groups for the purposes of the above definitions are:
lateral site (leads I, aVL, V6)
inferior site (leads II, III, aVF)
anterior site (leads V1, V2, V3, V4, V5)

Angina 1. Hospital discharge
The onset of retrosternal chest pain with or without typical radiation to summary (if avail-

the arms and jaw usually precipitated by exertion or emotion. able)
2. GP notes

Coronary artery therapeutic procedures 1. Hospital discharge
Hospital discharge diagnosis of coronary artery bypass grafting or coro- summary

nary angioplasty.

Cardiac failure (left ventricular or congestive) 1. Hospital notes
(i) Hospital discharge diagnosis of cardiac failure OR 2. GP notes
(ii) Characteristic chest x-ray appearance OR 3. Copy of X-ray
(iii) At least two of the following three definite physical signs

crackles in lung fields
raised jugular venous pressure
ankle edema

Other coronary syndromes (e.g., unstable angina) 1. Hospital discharge
The onset of severe retrosternal chest pain at rest or with minimal exer- summary (if avail-

tion, which may be associated with electrocardiogram changes (ST able)
depression, T-wave flattening or inversion) but no enzyme rise. 2. GP notes

3. Electrocardiograms
of event
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Other cardiovascular endpoints

Endpoint Supporting information

Ruptured aortic or dissecting aneurism 1. Hospital discharge
Onset of accelerated or malignant hypertension summary or notes
Acute occlusion of a major feeding artery in any vascular bed other 2. GP notes

than cerebral or coronary.

Cerebrovascular events

Endpoint Supporting information

Stroke 1. Hospital discharge
Rapid onset of a new neurological deficit attributed to obstruction or summary or notes

rupture in the arterial system. The defined deficit must persist for at 2. GP notes
least 24 hours unless death supervenes and must include specific lo-
calizing findings confirmed by neurological examination or CT head
scan with no evidence of an underlying nonvascular cause.

Transient cerebral ischemic attack 1. Hospital discharge
Rapid onset of a focal neurological deficit lasting less than 24 hours, summary or notes

presumed caused by cerebral ischemia with no evidence of an under- 2. GP notes
lying nonvascular cause.
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I. BACKGROUND

Electrocardiographic (ECG) evidence of left ventricular hypertrophy (LVH) is almost ten
times more common in individuals with blood pressures above 160/95 mm Hg than in
normotensive persons (1). In a report from the Glasgow Blood Pressure Clinic, ECG-
LVH was found in 35% of men and 22% of women with nonmalignant hypertension and
a mean age of 50 years (2). Using echocardiographic criteria, the average prevalence of
LVH in a hypertensive population is approximately 40% and increases with age (3, 4).

The importance of the structural changes in the cardiovascular system that accom-
pany hypertension—in particular LVH—in conferring risk for cardiac complications is
widely recognized. Whether assessed by ECG or echocardiography, LVH is a powerful,
independent risk factor for an adverse cardiovascular outcome, yielding prognostic infor-
mation beyond that derived from traditional cardiovascular risk factors, including high
blood pressure, smoking, and lipid levels (1, 2, 5). In both the Framingham Heart Study
(5) and a study conducted at the New York Hospital-Cornell Medical Center (6), left
ventricular mass and age were the strongest predictors of prognosis. Among hypertensive
patients, the risk of myocardial infarction, stroke, angina pectoris, and heart failure was
increased several-fold by the presence of LVH. The seriousness of LVH is underscored
by the finding that, within 5 years of its appearance, one third of men and one fourth of
women with LVH are dead, usually from coronary disease (7).

Reversal of LVH has long been considered an important objective in treating hyper-
tension and is emerging as a potential key therapeutic goal for lowering coronary risk.
Among the strongest evidence to date for improved prognosis after regression of LVH
comes from data from the Cornell Medical Center, where 166 men and women with hyper-
tension were followed up with serial echocardiography over 10 years. In these patients,
regression of LVH was associated with a lowered rate of cardiovascular complications
(e.g., myocardial infarction, sudden cardiac death, stroke) (8). Data from the Framingham
Heart Study similarly showed a definite reduction in cardiovascular events in the cohort
of patients with ECG-measured LVH regression (9). Additional studies using electrocardi-
ography have also shown that patients in whom LV mass decreases during antihyperten-
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sive therapy have a more favorable prognosis than those in whom this does not occur
(10–12).

It is well established that antihypertensive therapy can reverse LVH, although the
mechanism(s) by which the various drugs effect this change is not entirely clear. Two
recent meta-analyses suggest that monotherapy with inhibitors of the angiotensin-con-
verting enzyme (ACE) is more effective in decreasing LV mass than treatment with other
antihypertensive agents, such as β-blockers and diuretics and possibly calcium channel
blockers, which also reduce LV mass (13, 14). This observation was supported by results
of controlled trials in hypertension comparing enalapril with hydrochlorothiazide (HCTZ)
(15), ramipril with atenolol or HCTZ (16, 17), and captopril with minoxidil (18), all of
which showed a greater reduction in LV mass with the ACE inhibitor treatment.

Thus the renin-angiotensin system (RAS) seems to have a major role in the establish-
ment and maintenance of LVH. The primary hormone of the RAS is angiotensin II. In
addition to elevating blood pressure, angiotensin II has been reported to exert direct effects
on cardiac structure and function, stimulating proliferation and growth of vascular smooth
muscle cells and cardiac myocytes (19). Activation of intracardiac RAS promotes cardiac
hypertrophy and interstitial fibrosis, the latter of which is of notable pathological impor-
tance (20, 21).

Therefore, it is not surprising that RAS blockade has been proposed as an additional
explanation, apart from the fall in blood pressure, for the effectiveness of ACE inhibitors
in reversing LVH. A multivariate analysis of results from a comparative enalapril-HCTZ
study in previously untreated hypertensive patients suggested that reversal of cardiac hy-
pertrophy was more related to changes in the RAS than to a reduction in blood pressure
(15). Other supportive evidence linking RAS to LVH development comes from the obser-
vation that ACE inhibitors are effective in reducing cardiac hypertrophy, even when ad-
ministered at doses that do not lower blood pressure (22).

In cardiac tissue, ACE inhibitors inhibit only a fraction of angiotensin II formed
from angiotensin I (23), and alternate pathways (e.g., chymase) may generate angiotensin
II, even in the presence of ACE inhibitors (24). In addition, when ACE inhibition is not
100% complete, stimulation of renin secretion may lead to very high angiotensin I levels,
returning angiotensin II levels toward or even to pretreatment levels (25). This suggests
that blocking the effect of angiotensin II at its specific receptor site would result in more
complete inhibition of systemically and locally produced angiotensin II and thereby a
more profound reversal of cardiac structural changes.

Losartan is the first of a new class of orally active, nonpeptide antagonists of the
angiotensin II receptor. Losartan and its active metabolite E-3174 potently and selectively
inhibit angiotensin II by specifically targeting the AT1 subtype of the angiotensin II recep-
tor (26). Thus losartan provides an attractive, novel approach to modifying the role of
angiotensin II in hypertension, with the potential for more sustained and maintained inhibi-
tion of the RAS. Losartan’s efficacy and tolerability in the treatment of human hyperten-
sion has been well established (27). In experimental models of hypertension, losartan
prevented or decreased established cardiac hypertrophy (28, 29). The clinical experience
with losartan in relation to reversal of LVH is limited but promising, with levels of reversal
in at least the same range as ACE inhibition (30–32). Moreover, promising results have
been seen with losartan on survival in heart failure (33).

Losartan provides a useful biologic probe to test whether direct, effective inhibition
of the RAS can improve the outcome of hypertensive patients, especially with respect to
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prevention of adverse cardiovascular complications. Specifically, the Losartan Interven-
tion for Endpoint (LIFE) reduction in Hypertension study was designed to test whether
selective angiotensin II receptor blockade with losartan not only lowers blood pressure
but reduces LVH more effectively than conventional therapy, and thus improves prognosis
in patients with hypertension (34). It is the largest study ever undertaken in persons with
LVH and one of the largest intervention studies to date in essential hypertension. The
LIFE study is also unique in that it uses ECG criteria for LVH to recruit a large population
of high-risk hypertensives. Enrollment into this large, prospective interventional study is
complete, with 9194 subjects randomized and being treated long term with losartan or
atenolol in adherence with the protocol (35).

II. STUDY DESIGN

The LIFE study is a prospective, multicenter, double-blind, double-dummy, randomized,
active-controlled study with two parallel groups. The design, inclusion/exclusion criteria,
methods, outcome measures, and planned analysis approach for the LIFE study have been
detailed elsewhere (34) (Tables 1–6).

A. Study Objectives

The primary objective of the LIFE study is to compare the long-term effects of losartan
with those of the β-blocker, atenolol, both at doses of 50 to 100 mg per day, on the
combined incidence of cardiovascular mortality, nonfatal myocardial infarction, and non-
fatal stroke in patients with essential hypertension and documented LVH (Table 1). Ateno-
lol was selected as the comparative agent because β-blockers are known to be beneficial
in both primary and secondary prevention and because atenolol is the most widely used
β-blocker for the treatment of hypertension, and its efficacy and tolerability have already
been compared with those of losartan (36). The treatment goal is less than 140 and SiDBP
less than 90 mm Hg. For those patients whose blood pressure (BP) is not at goal, HCTZ
might be increased or additional antihypertensive medication (excluding ACE inhibitors,
angiotensin II [AII] antagonists, or β-blockers) should be added, unless contraindicated
(Table 2).

The specific hypothesis to be tested in the LIFE study is that losartan will result
in a lower incidence of cardiovascular mortality and morbidity in this specified patient
population than atenolol. For this study, a clinically meaningful difference between
the two antihypertensive treatments was defined a priori as a 15% (or more) reduction
in the proportion of subjects experiencing a primary fatal or morbid cardiovascular event
(as defined above) in the group receiving losartan compared with the group treated with
atenolol.

Secondary and tertiary study objectives, as defined in the protocol and to be assessed
only after testing of the primary hypothesis is complete, are listed in Table 1. Electrocar-
diographic findings are being validated within the study using echocardiograms obtained
in a subpopulation of the LIFE study group, comprising approximately 10% of the enrolled
subjects (37). Additional planned analyses will use echocardiography and ECG to evaluate
in greater detail the effects of the two drugs on LVH and the relationship of LVH change
to other variables, including the incidence of cardiovascular events and the impact of study
medication on arterial functioning and insulin resistance.
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Table 1 Protocol-Specified Objectives of LIFE Study

Primary objective To compare the long-term effects (� 4 years) of losartan and atenolol in
hypertensive patients with documented LVH on the combination of
cardiovascular mortality and morbidity (nonfatal myocardial infarction,
nonfatal stroke).

Secondary objectives To compare the long-term effects of losartan and atenolol on:
• Total mortality
• Cardiovascular mortality
• Fatal and nonfatal myocardial infarction
• Fatal and nonfatal stroke
• Hospitalization for angina pectoris
• Hospitalization for heart failure
• Regression of ECG-LVH
• Relationship between regression of ECG-LVH and cardiovascular

mortality and morbidity
• Coronary and peripheral revascularization procedures
• Silent myocardial infarction as evaluated by serial readings of annual

ECGs
• Safety and tolerability based on adverse experience profile and

discontinuation rates because of adverse experiences
Tertiary objectives Evaluate:

• Relationship between blood pressure control and cardiovascular
morbidity and mortality

• Influence of various known risk factors on cardiovascular event rate
• Long-term effects of losartan and atenolol on new-onset diabetes

mellitus
• Long-term effects of losartan and atenolol on health care resource

utilization

Abbreviations: LIFE, Losartan Intervention for Endpoint Reduction in Hypertension; LVH, left ventricular hyper-
trophy; ECG, electrocardiogram.

Table 2 Suggested Titration Steps if SiSBP � 140 and/or SiDBP � 90 mm Hg

End of Month Treatment

1 Losartan 50 mg or atenolol 50 mg
2 Losartan 50 mg or atenolol 50 mg plus HCTZ 12.5 mg
4 Losartan 100 mg or atenolol 100 mg and HCTZ 12.5 mg
6 Losartan 100 mg or atenolol 100 mg and HCTZ 12.5 mg plus other antihyper-

tensive therapy (excluding ACEIs, AII-antagonists, or beta-blockers) The dos-
age of HCTZ might be increased.

Key: SiSBP, sitting systolic blood pressure; SiDBP � sitting diastolic blood pressure.
Abbreviations: HCTZ, hydrochlorothiazide; ACEI, angiotensin-converting enzyme I; AII-antagonists, angioten-
sin II-antagonists.
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B. Patient Selection

Eligible subjects were men and women aged 55 to 80 years with previously untreated or
treated hypertension and ECG-documented LVH (Table 3). To be enrolled into the study,
subjects were required to have trough sitting DBP readings of 95 to 115 mm Hg or sitting
SBP readings of 160 to 200 mm Hg after 1 and 2 weeks on single-blind placebo treatment.
Inclusion and exclusion criteria are listed in Table 3; these included certain cardiovascular
conditions and serious noncardiac diseases that could limit long-term survival or increase
the likelihood of nonadherence to study medication.

Left ventricular hypertrophy was diagnosed by the core laboratory (Sahlgrenska

Table 3 Criteria for Inclusion and Exclusion of Entry into the LIFE Study

Inclusion criteria:

• Male or female
• 55–80 years of age
• SiDBP 95–115 and/or SiSBP 160–200 mm Hg
• Left ventricular hypertrophy must meet the Cornell Product or Sokolow-Lyon criteria speci-

fied below:
Cornell Product:

Men
Cornell product � [QRS duration (in msec)] * [RaVL � SV3 (in mm)] � 2440 mm � msec
Women
Cornell product � [QRS duration (in msec)] * [RaVL � SV3 (in mm) � 6 mm] �

2440 mm � msec
Sokolow-Lyon:

The Sokolow-Lyon voltage requirement is SV1 � RV5 or V6 � 38 mm.

Exclusion criteria:

• Known secondary hypertension, malignant hypertension, or hypertensive encephalopathy
• Increase in diastolic blood pressure to �115 mm Hg or in systolic blood pressure to �200

mm Hg during the placebo period
• History of stroke or myocardial infarction within the previous 6 months
• Presence of heart failure or known left ventricular ejection fraction � 40%
• Angina pectoris requiring treatment with a β-blocker or a calcium antagonist
• History of renal or hepatic disorders with severe impairment (serum creatinine �160 µmol/L

or 1.8 mg/dL) or patients with a solitary kidney or renal transplant
• Significant known aortic stenosis (mean antegrade Doppler gradient � 20 mm Hg)
• Known hypersensitivity or contraindication to losartan, atenolol, or hydrochlorothiazide
• A condition that, in the treating physician’s opinion, requires treatment with losartan, ateno-

lol or another β-blocker, hydrochlorothiazide, or an ACE inhibitor
• Serious disease expected to cause substantial deterioration of patient’s health during the next

4 to 6 years
• Current or recent history of alcohol or other drug substance abuse
• Mental or legal incapacitation
• Participation in another investigational drug trial using a nonapproved drug either at present

or during the 10 days before entry into the study
• Unwillingness to participate
• Low compliance at end of placebo period, as judged by the investigator

Abbreviations: LIFE, Losartan Intervention for Endpoint Reduction in Hypertension; ACE, angiotensin-con-
verting enzyme. SiSBP � sitting systolic blood pressure; SiDBP � sitting diastolic blood pressure.
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University Hospital/Östra in Göteborg, Sweden) from standard 12-lead ECGs obtained
in all potential participants before randomization. Left ventricular hypertrophy was identi-
fied by the core laboratory using criteria based on the product of Cornell voltage � QRS
duration product (38–40): (RaVL � SV3) � QRS duration �2440 mm � msec. Based
on early studies (41, 42), an adjustment of Cornell voltage by 8 mm was initially made
in women. Data published after completion of LIFE’s design (43, 44) indicated that the
gender adjustment should be smaller; accordingly, the gender adjustment for Cornell volt-
age in women was revised to 6 mm in May 1996 after 2383 patients had been enrolled
(35). At this time, a Sokolow-Lyon voltage combination (Sv1 � RV3 or V6) �38 mm was
accepted as an alternate criterion for LVH in both women and men.

C. Study Procedures

The study procedures are presented in Table 4. The LIFE study consists of a 2-week
placebo run-in period followed by a minimum 4-year period of randomized, active, double-
blind treatment. Active treatment will continue for 4 years after the last patient is enrolled,
that is, until at least April 30, 2001, or until 1040 subjects experience a primary cardiovas-
cular endpoint.

After 2 weeks of placebo treatment, subjects who met the criteria for entry into the
LIFE study were randomized to once-daily treatment with losartan or atenolol, beginning
at a dose of 50 mg. During the study, antihypertensive therapy is adjusted, as detailed in
Table 2, to achieve a goal blood pressure of 140/90 mm Hg or lower. Clinic visits occur
at frequent intervals during the initial 6 months of observation and at 6-month intervals
thereafter. At each visit, BP and heart rate are measured at trough (i.e., 22 to 26 hours
postdose) using a standardized technique after subjects have been seated for 5 minutes.

Laboratory tests are performed by the central laboratory and include determinations
of hemoglobin, serum glucose, sodium, potassium, creatinine, alanine pyruvic transami-
nase (ALAT, SGPT), uric acid, total and HDL cholesterol, and in the urinalysis, micro-
albumin and creatinine (Table 5). These laboratory determinations are performed at the
beginning of the double-blind treatment period and after each year of active therapy. After
randomization, standard 12-lead ECGs are obtained before the first dose of double-blind
treatment on day 1, after 6 months, and after each year of active therapy. Adverse events
are monitored throughout the study; primary endpoints are not be reported as adverse
experiences.

D. Administrative Structure of the Study

A roster of committees is presented in Table 6. An independent, blinded international
steering committee has the ultimate responsibility for the scientific conduct of the LIFE
study. In each participating country, a data collection and monitoring center is working
under the supervision of the central office. As indicated above, a central ECG laboratory
is responsible for classification of all ECGs and for the blinded interpretation of serial
ECG changes.

An endpoint classification committee was established to review all events reported
by the clinical centers to determine if they constitute an endpoint as defined in the protocol.
Study endpoints include morbidity, defined as nonfatal, clinically evident acute myocardial
infarction and nonfatal stroke, and mortality, defined as death resulting from a fatal myo-
cardial infarction, fatal stroke, sudden death, progressive heart failure, or other cardiovas-
cular causes.
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Table 4 Study Summary Table

Placebo baseline period1 Triple-blind period
Screening

Prestudy Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8 Visit 9 Visit 10 Visit 11 Visit 12 Visit 13 Visit 14
Procedure �365 days Day 14 Day 7 Day 1 Month 1 Month 2 Month 4 Month 6 Year 1 Year 1.5 Year 2 Year 2.5 Year 3 Year 3.5 Year 4*

Medical history X
Complete physical examination X X X X X
Obtain informed consent Xf X
Sitting BP and HR (X) X X Xb X X X X X X X X X X X
Standing BP and HR X Xc Xc Xc Xc Xc Xc Xc Xc Xc

Laboratory safety tests1 Xk X Xj X X X
ECG (12-lead) Xe Xa X X X X X X
AE evaluation X X X X X X X X X X X X X
Discontinue all antihypertensive med- X

ication
Dispense placebo baseline medication Xi

Dispense double-blind medication Xg X X X X X X X X X X
Add additional antihypertensives to Xd Xd Xd Xd Xd Xd Xd Xd Xd

treatment regimen if appropriate
Healthcare resource utilization assess- X X X X X X X X X

menth

a To be sent to ECG Core Center for evaluation of LVH inclusion criteria. May be taken up to 30 days prior to visit 1.
b Mean SiDBP must be 95–115 and/or SiSBP 160–200 mm Hg at 2 consecutive visits separated by at least 1 week for patient to be eligible to continue in study.
c Standing BP and HR measurement only necessary if patient requires upward titration of study drug.
d Add additional antihypertensives to treatment regimen if mean SiDBP is � 90 and/or SiSBP � 140 mm Hg. Titration regimen is test agent 50 mg alone → test agent 50 mg plus HCTZ 12.5 mg →
2x dose of test agent plus HCTZ 12.5 mg → other antihypertensive agents (excluding ACEIs, AII antagonists, or beta-blockers) plus 2x dose of test agent plus HCTZ 12.5 mg or more.
e May be an old ECG (fewer than 12 months).
f If ECG or other study tests are performed or medication discontinued with the intent to participate in the study.
g The last placebo tablet should have been taken the previous morning, i.e., approximately 24 hours before this visit.
h As specified in Standard Operating Procedures and worksheets.
i Patients who do not qualify after 14 days on placebo may remain on placebo for up to 14 additional days. They must have two consecutive blood pressures separated by at least 1 week equal to SiDBP
95–115 and/or SiSBP 160–200 for randomization.
j Abbreviated. Serum sodium, potassium, and creatinine only.
k Abbreviated. Serum glucose and creatinine only.
l Glucose retesting may be necessary for the evaluation of new-onset diabetes mellitus.
* Note: Patients will continue in the study until year 4 or until the 1040 patients reach a primary cardiovascular event, whichever is last. For patients who continue beyond year 4, perform procedures
outlined for year 1.5 and year 2 for biannual and annual visits, respectively. All procedures listed for year 4 will also be performed at the final visit.
Abbreviations: BP, blood pressure; HR, heart rate; ECG, electrocardiogram; SiDBP, sitting diastolic blood pressure; SiSBP, sitting systolic blood pressure; HCTZ, hydrochlorothiazide; ACEI, angiotensin-
converting enzyme inhibitors; AII, angiotensin-II.
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Table 5 Laboratory Tests

Hematology Hemoglobin
Blood chemistry Creatinine, SGPT (ALAT), glucose, uric acid, sodium, potassium, total

cholesterol, HDL cholesterol
Urinalysis Microalbumin, creatinine
New-onset diabetes Patients who at visit 1 or at any other time point in the study thereafter

mellitus have a fasting serum (plasma) glucose value � 140 mg/dL will have a
fasting plasma sample taken after 1 week. If the glucose value is
between 120 and 140 mg/dL, the patient will undergo an oral glucose
tolerance test. If the initial serum (plasma) sample is nonfasting and �
144 mg/dL, the patient will have a fasting plasma sample taken after 1
week. If the repeat fasting sample also is � 140 mg/dL, the patient’s
diagnosis of diabetes is confirmed. If the repeat fasting plasma glucose
value is � 140 mg/dL, the patient must undergo an oral glucose
tolerance test. If after a 75-g oral glucose load the 2-hour plasma
glucose value is � 200 mg/dL, this is diagnostic of diabetes.

Abbreviations: SGPT (ALAT), serum glutamate pyruvate transaminase (alanine aminotransesterase); HDL, high-
density lipoprotein.

Table 6 Roster of Committees

Steering committee Bjorn Dahlöf, Goteborg, Sweden (Chairman)
Richard B. Devereux, New York, NY, USA (Vice-Chairman)
Sverre E. Kjeldsen, Oslo, Norway (Scandinavia Coordinator)
Stevo Julius, Ann Arbor, Michigan, USA (U.S. Coordinator)
Gareth Beevers, Birmingham, UK
Ulf de Faire, Stockholm, Sweden
Frej Fyhrquist, Helsinki, Finland
Hans Ibsen, Glostrup, Denmark
Lars H. Lindholm, Umeå, Sweden
Markku S. Nieminen, Helsinki, Finland
Per Omvik, Bergen, Norway
Suzanne Oparil, Birmingham, Alabama, USA
Ole Lederballe-Pedersen, Viborg, Denmark
Hans Wedel, Goteborg, Sweden

Endpoint classification Kristian Thygesen, Arhus, Denmark
committee Daniel Levy, Framingham, Massachusetts, USA

Data safety monitoring board John Kjekshus, Oslo, Norway (Chairman)
Lewis H. Kuller, Pittsburgh, Pennsylvania, USA
Pierre Larochelle, Montreal, Quebec, Canada
Giuseppe Mancia, Monza, Italy
Joel Menard, Paris, France
Stuart Pocock, London, England
John L. Reid, Glasgow, Scotland
Michael A. Weber, Brooklyn, New York, USA
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E. Statistical Considerations

Based on event rates among subjects with LVH in recent prospective studies in hyperten-
sion, a 15% 5-year event rate for the primary endpoint of combined incidence of cardiovas-
cular death or nonfatal myocardial infarction or stroke is projected in the atenolol group
(Table 7). With a sample size of 8300 subjects, the LIFE study was calculated to have
80% power to detect at least a 15% further reduction to 12.5% in the primary endpoint.
The calculation of sample size was based on the long-rank test, using an exponential
survival model described by Lachin and Foulkes (45). Because the LIFE study will con-
tinue to a fixed number of events (n � 1040), the power of the trial will not be appreciably
affected by either the larger-than-planned study enrollment or by a difference in the actual
event rate. To account for the possibility that a lower than expected event rate could
substantially prolong the duration of the trial, the steering committee will monitor the
accumulating event rate and has the right to recommend an increase to the sample size
(while maintaining the requirement of 1040 patients with a primary event). Any such
recommendation will be based on blinded, pooled-group data only and must be made
before any unblinded interim efficacy analyses.

An independent data and safety monitoring board (DSMB) receives unblinded data,
advises the steering committee at regular intervals about ethical aspects of study continua-
tion, and makes recommendations to the steering committee regarding the safety of contin-
uing the study based on their reviews of unblinded data. A single statistician has access
to the randomization code and will perform the scheduled interim analyses. This person
is forbidden to have contact with other individuals involved in the study.

Two interim analyses are scheduled after one third (343) and two thirds (686) of
the expected number of events has occurred to determine if early termination is warranted
because of overwhelming efficacy. The a priori stopping rule for early discontinuation of
the LIFE study requires P values of 0.004 or less and 0.013 or less respectively, at the
two interim analyses, and a P value of less than 0.046 at the planned end of the study,
to maintain an overall 5% significance level for testing the primary hypothesis. The DSMB
recommended continuation of the LIFE trial in March, 1998 after the first of these interim
analyses.

All efficacy and safety data will be analyzed using an intent-to-treat approach that
includes all randomized subjects regardless of any protocol violation. The primary end-
point is the time from randomization to the patient’s first confirmed nonfatal stroke, non-
fatal myocardial infarction, or cardiovascular death. The planned analysis of the primary
endpoint involves a Cox regression model. In addition to treatment, the protocol specifies
that the model will include the other covariates: degree of LVH by ECG and Framingham
Risk Score defined by the patient’s baseline characteristics. Additional analyses will in-
clude analyses of the components of the primary endpoint, angina pectoris requiring hospi-
talization, heart failure requiring hospitalization, changes in blood pressure and degree of

Table 7 Endpoints

Primary endpoints Secondary endpoints

Cardiovascular death, nonfatal Probable myocardial infarction, angina pectoris requiring hospi-
myocardial infarction, non- talization, heart failure requiring hospitalization, coronary or
fatal stroke peripheral arterial revascularization, resuscitated cardiac ar-

rest, silent myocardial infarction
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LVH, and an exploration of the impact of changes in BP and degree of LVH on the
primary endpoint.

III. RESULTS

A total of 945 centers in Denmark, Finland, Norway, Iceland, Sweden, United Kingdom,
and the United States enrolled patients in the LIFE study during the period from September
1995 to April 1997, when recruitment was stopped. At this time, 9223 patients met the
BP and other inclusion and no-exclusion criteria and had provided informed consent. Irreg-
ularities were discovered at one center and the steering committee decided to exclude this
site from further participation; a total of 9194 participants remain after removal of this
center. The patients who were randomized comprise about 28% of all those screened for
the study and 48.5% of all those who were approved based on their ECG readings.

The majority of the study centers are active in primary care, although in Denmark
most LIFE participants were referred from primary care physicians to hospital-based cen-
ters. The average number of patients enrolled at each center was 9.7 (range: 1 to 148).
Twenty-five centers enrolled 40 or more patients; 17.6% of the overall study population
was enrolled by these larger centers.

The total number of patients enrolled in the LIFE Study is almost 900 more than
the 8300 initially planned. Based on the actual number of participants and the observed
frequency of endpoints thus far, the LIFE study is on target for completion in 2001.

A. Baseline Characteristics

The demographic and baseline disease characteristics of the randomized participants have
been analyzed and reported previously (35) (Tables 8–11).

The LIFE study population of hypertensive patients (mean blood pressure of 174.4/
97.8 mm Hg) with ECG-documented LVH is composed of predominately white (92.4%)
women and men (45.9%), mostly retired from active employment (65.6%), with a mean
age of 66.9 years (Table 8). The women were older and had a higher body mass index
(BMI).

Surprisingly, almost one third (28.9%) of the patients had not been treated for their
hypertension for at least 6 months when recruited into the LIFE study. Among those

Table 8 Selected Baseline Characteristics of LIFE Study Population

Total Men Women
Variable (n � 9194) (n � 4224) (n � 4970)

Age (yrs) 66.9 � 7.0 66.1 � 6.9 67.7 � 7.0*
Body mass index (kg/m2) 28.0 � 4.8 27.6 � 4.0 28.3 � 5.3*
Retired (%) 65.5% 62.5% 68.2%*
Systolic BP (mm Hg) 174.4 � 14.3 173.3 � 14.5 175.4 � 14.1
Diastolic BP (mm Hg) 97.8 � 8.9 98.6 � 8.8 97.1 � 8.9*
FRS 5-year-event rate (%) 22.3 � 9.5 28.5 � 8.5 17.1 � 6.7*

Values reflect mean � standard deviation or percentages.
* Statistically significant difference between men and women, P � 0.05.
Abbreviations: LIFE, Losartan Intervention for Endpoint Reduction in Hypertension; BP, blood pressures; FRS
Framingham Risk Score.



616 Dahlöf et al.

Table 9 Disease History for the Randomized LIFE Study Population

Total Men Women
Disease (n � 9194) (n � 4224) (n � 4970)

Cardiovascular system1

Isolated systolic HT2 27.4% 24.0% 30.3%
Coronary heart disease 15.1% 18.4% 12.3%
Stroke and TIA 7.7% 8.7% 6.9%
Peripheral vascular disease 5.2% 5.3% 5.1%
Systolic murmur 3.7% 3.3% 4.1%
Atrial fibrillation 3.4% 4.4% 2.6%

Metabolic disorders
Lipid disorders 18.0% 15.7% 20.0%
Obesity 2.7% 2.2% 3.2%

Endocrine disorders
Non-insulin-dependent DM 10.3% 10.3% 10.4%
Hypothyroidism 4.1% 1.0% 6.7%
Insulin-dependent DM 2.0% 2.0% 1.9%

1 Display limited to those diseases reported in 2.0% or more of total study population.
2 Defined as systolic BP � 160 mm Hg and diastolic BP � 95 mm Hg.
Abbreviations: LIFE, Losartan Intervention for Endpoint Reduction in Hypertension; DM,
diabetes mellitus; HT, hypertension; TIA, transient ischemic attack; BP, blood pressure.

receiving antihypertensive medication at the time of recruitment, about half (55.7%) were
receiving treatment with one drug and the remainder were being treated with two or more
agents. Diuretics were taken by 27.5%, β-blockers by 26.7%, calcium channel blockers
by 24.3%, and ACE inhibitors by 25.2%. Aspirin (21%) and postmenopausal hormone
replacement therapy among women (18%) were the only concomitant drugs used by 10%
or more of the study population. This finding is not unexpected, given the high cardiovas-
cular disease comorbidity of the patients and the age of the women enrolled.

Table 10 Age and Race

Men Women
(n � 4224) (n � 4970)

Age, years
� 55 1.4 1.0
55–59 20.6 14.7
60–64 20.7 18.1
65–69 22.3 22.3
70–74 21.5 23.4
75–80 13.4 20.0
� 80 0.0 0.4

Race
Caucasian 91.3 93.4
African-American 6.7 5.0
Hispanic-American 1.3 0.9
Asian 0.4 0.6
Other 0.2 0.1
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Table 11 Biochemical Characteristics for the Randomized LIFE Study Population

Hemoglobin, g/100 mL 14.2 � 1.2 14.8 � 1.2 13.8 � 1.0 � 0.001
Serum sodium, mmol/L 140.3 � 2.6 140.3 � 2.5 140.4 � 2.6 0.022
Serum potassium, mmol/L 4.17 � 0.40 4.20 � 0.42 4.14 � 0.38 � 0.001
Serum creatinine, µmol/L 86.9 � 20.2 95.5 � 19.7 79.6 � 17.6 � 0.001
Serum uric acid, µmol/L 330 � 78 360 � 74 304 � 72 � 0.001
Total cholesterol, mmol/L 6.04 � 1.12 5.73 � 1.06 6.31 � 1.11 � 0.001
HDL cholesterol, mmol/L 1.49 � 0.44 1.34 � 0.37 1.62 � 0.44 � 0.001
Total/HDL cholesterol ratio 4.34 � 1.40 4.57 � 1.44 4.15 � 1.33 � 0.001
Serum glucose, mmol/L 6.02 � 2.19 6.11 � 2.23 5.95 � 2.16 � 0.001

Abbreviation: HDL, high-density lipoprotein.

Self-reported alcohol and tobacco use among LIFE study participants are moderate
or low; 32.1% of men and 57.6% of women report that they never use alcohol and 80.3%
and 86.5%, respectively, reported that they do not smoke. About one half (51.8%) of
participants reported exercising for more than 30 minutes at least twice a week (Table
12).

Despite reporting reasonably good health-related behavior, the patients in the LIFE
study are, on average, overweight and have relatively high prevalences of diabetes melli-
tus, lipid disorders, and previously known coronary heart disease (Table 9). Being over-
weight is common in the LIFE population: 21.3% had a BMI of 30 to 35 kg/m2, 5.4%
had a BMI of 35 to 40 kg/m2, and 1.9% had a BMI of 40 kg/m2 or more at the time of
randomization. More than one fourth (27.4%) have isolated systolic hypertension (systolic

Table 12 Alcohol Use, Tobacco Use, and Exercise

Men Women
(n � 4224) (n � 4970)

Intake of alcohol,
Drinks per week

None 32.1 57.6
1–4 44.0 35.1
5–7 10.8 4.5
8–10 5.8 1.5
� 10 7.2 1.3

Tobacco use,
Cigarettes/day

Never 33.6 65.3
Ex-smoker 46.7 21.2
1–5 6.0 4.0
6–10 5.1 4.3
10–20 5.9 3.7
� 20 2.7 1.4

Exercise
Never 17.9 25.4
� 30 min twice/week 25.0 27.2
� 30 min twice/week 56.9 47.4
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BP � 160 mm Hg and diastolic BP � 95 mm Hg), a condition associated with high
cardiovascular risk (46), and women were more likely to have isolated systolic hyperten-
sion than men. The Framingham Risk Score indicates that participants in the LIFE study
are at high risk for cardiovascular endpoints, with the 5-year probability of coronary mortal
or morbid events equal to 22.3% (Table 8). Men had a higher Framingham Risk Score
than women, although the predicted 5-year event rate attributable to factors other than
gender was only moderately higher in men (19.2%) than in women (16.9%) (P � 0.001).

B. Baseline ECG/Echocardiographic Findings

All randomized patients in the LIFE study met the protocol-specified ECG criteria for
LVH on the screening ECG. Two thirds (66%) of patients qualified based on the Cornell
voltage QRS duration product formula, 21% qualified based on Sokolow-Lyon voltage,
and 10% fulfilled both criteria.

As part of the LIFE study, a large substudy (including 964 patients, more than 10%
of the total LIFE enrollment) is being undertaken to collect and analyze echocardiographic
LV anatomic measurements (37). In this subset of subjects, echocardiograms are per-
formed at study entry and at annual intervals thereafter. Centers were chosen to participate
in this substudy based on an established expertise in quantitative echocardiography, with
the goal of achieving approximately proportionate representation across the participating
countries. Sonographers for each center underwent a training course to familiarize them
with the standardized echocardiogram performance protocol to be used in the LIFE study.
This protocol, which outlines the specific echocardiographic measurements obtained, is
based on procedures used in previous studies (47, 48). Criteria to be used in LIFE are as
follows: LVH was considered present if the ratio of LV mass to body surface area was
above normal (that is, � 104 g/m2 in women and� 116 g/m2 in men) (47). Hypertrophy
was considered concentric if LV relative wall thickness (posterior wall thickness/LV inter-
nal dimension) was above normal (that is, � 0.43) and eccentric if relative wall thickness
was in the normal range (that is, � 0.43).

Of the 964 participants in the LIFE echocardiography substudy, 59% were men, a
larger proportion than in the overall LIFE study group (45.4%) predominantly because
of the inclusion of centers that enrolled patients into the substudy from Veterans’ Adminis-
tration Hospitals in the United States and a center in Norway that recruited participants
from the all-male Oslo Heart Study. The remaining demographic and baseline characteris-
tics of participants in the LIFE echocardiography substudy were in general agreement
with those of the larger LIFE study group (37) (Table 13)

Using LV mass/body surface area criteria to identify hypertrophy, abnormalities
of LV geometry were found in 83% of women and 79% of men enrolled in the LIFE
echocardiography substudy, with overall prevalences of 47% for eccentric LVH, 24% for
concentric LVH, and 10% for concentric LVH remodeling. The distribution of LV geomet-
ric patterns was nearly identical in women and men. When LV mass/height2.7 partition
values of 46.79 g/m2.7 in women and 49.29 g/m2.7 in men were used, only 13% of the
LIFE women and 17% of the LIFE men had normal LV geometry. Either concentric or
eccentric LVH was present at baseline using echocardiography in 70% of the substudy
participants by LV mass/body surface area criteria and in 76% of substudy subjects by
LV mass/height criteria.

Additional preliminary analyses have shown high prevalences of LV systolic and
diastolic dysfunction in LIFE patients. Measures of LV systolic or myocardial function,
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Table 13 Selected Characteristics of Patients in
the Echocardiographic Substudy

Echo patients
Variable (n � 964)

Age (yrs) 66.0 � 7.0
Race, nonwhite (%) 16%
Height (cm) 169.4 � 9.7
Weight (kg) 78.4
Body surface area (m2) 1.89 � 0.19
Body mass index (kg/m2) 27.4 � 4.7
Blood pressure (mm Hg) 176/98
Pulse 78 � 19
Diabetes 11%
Coronary artery disease 13%
Stroke/transient ischemic attack 8%
Peripheral vascular disease 5%

or both, were depressed (below the second percentile in a reference population) in an
appreciable minority of LIFE patients, ranging from 10% of those with normal LV geome-
try to 42% of those with concentric LVH (49). In addition, more than 80% of LIFE patients
had abnormal diastolic filling patterns, predominantly because of impairment of early dia-
stolic relaxation (50) (Table 14).

IV. DISCUSSION

The predominant goal of antihypertensive therapy is to reduce the risk of adverse cardio-
vascular events related to high BP. Available evidence suggests, however, that patients
treated with current antihypertensive drugs still have a substantially higher risk of suffering
hypertension-related fatal and nonfatal cardiovascular events than do matched normoten-
sive individuals (51–53). Results of a meta-analysis of 17 controlled prevention trials in
hypertension, comprising more than 40,000 middle-aged patients followed up for an aver-
age of 5 years, showed that the modest decrease in diastolic BP of 5 to 6 mm Hg in
the intervention groups (mainly diuretics and β-blocker therapy) was associated with an
approximate 40% decrease in stroke-related events, closely resembling the benefit pre-

Table 14 Echocardiographic Findings in Patients with LV Ejection Fraction
� 60% (n � 333)

IVRT � 100 IVRT � 100
Variable msec msec P

Left ventricular mass index 117.7 � 23.5 119.5 � 26.0 NS
Relative wall thickness 0.43 � 0.005 0.45 � 0.006 0.038
Midwall fractional shortening (%) 17 � 1 16 � 2 0.039
Circumferential end-systolic stress 140.3 � 48.6 136.2 � 39.7 NS
Stress-adjusted midwall shortening 99.40 � 12.9 95.80 � 13.1 0.024

Abbreviations: LV, left ventricular; IVRT, isovolumic relaxation time.
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dicted from this degree of pressure reduction (54). The reduction in nonfatal and fatal
coronary events associated with this same reduction in diastolic blood pressure, however,
was much lower (16% to 21%) and fell short of that predicated for the observed change
in arterial pressure. The suboptimal impact of current antihypertensive therapy on cardio-
vascular complications—in particular coronary events—may be the result, at least in part,
of adverse metabolic effects of certain drug classes such as diuretics and β-blockers and
an insufficient reversal of cardiovascular hypertrophy and vascular dysfunction (55).

Left ventricular hypertrophy is the most important risk indicator in hypertension.
Blockade of the RAS system has been shown to be of cardinal importance for cardioprotec-
tion, and data suggest that ACE inhibitors are more effective in reversing LVH than tradi-
tional antihypertensive therapies (13–18). The LIFE study was designed to evaluate pro-
spectively whether antihypertensive therapy that uniquely interrupts the RAS through
selective inhibition of its primary effector hormone, angiotensin II, has a greater effect
than conventional therapy on reversal of LVH, independent of any reduction in BP, and
whether this activity is connected to a meaningful reduction in cardiovascular events.

By applying simple 12-lead ECG criteria for LVH, it has been feasible to identify
a large group of high-risk hypertensive patients and then include from this population a
total of 9194 patients, having an average 5-year likelihood of coronary heart disease of
22.3% by the Framingham Risk Score, for participation in the LIFE study. The use of a
simple methodology such as the ECG for the analysis of LVH is a distinct characteristic
of the LIFE study. Echocardiographic measurements in a subset of more than 10% of the
randomized population confirmed that the ECG criteria used in the LIFE study identified
hypertensive patients with a high prevalence of anatomical LVH.

The ability to enroll more than 9000 hypertensive patients drawn predominantly
from primary health care centers supports the usefulness of using the cost-effective 12-
lead ECG for identification of high-risk patients and demonstrates the feasibility of this
approach in general practice. More than 33,000 ECGs were received from the investigators
and more than 19,000 (57.8%) were approved by the ECG core laboratory (the number
of ECGs evaluated by the investigators alone and not submitted to the ECG core center
is unknown); an approval rate of 57.6% clearly indicates that most investigators were able
to read the ECGs accurately, according to the study’s criteria. Thus the feasibility of the
approach used in the LIFE study to identify high-risk hypertensive patients will make the
ultimate recommendations from this study possible to implement on a broad scale in clini-
cal practice. Moreover, the randomized LIFE study population is representative of the
hypertensive subjects with ECG-LVH in the age group under study, supporting the gener-
alizability of the study findings to patients seen in clinical practice.

In conclusion, the LIFE study uses a unique approach to documenting improved
cardiac care in hypertension through the use of rational pharmacological intervention tar-
geted to blocking angiotensin II, an important growth factor of the RAS. By selecting
high-risk hypertensive patients on the basis of target organ damage documented using the
cost-effective technique of ECG, the study has the potential to define optimal drug therapy
for reversing LVH. The LIFE study also has the unique potential of linking reversal of
LVH to a reduction in adverse cardiovascular complications.
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15. Dahlöf B, Herlitz H, Aurell M, Hansson L. Reversal of cardiovascular structural changes when
treating essential hypertension: the importance of renin-angiotensin-aldosterone system. Am
J Hypertens 1992; 5:900–901.
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I. BACKGROUND

Elevated blood pressure levels are clearly associated with the risks of stroke, coronary
heart disease (CHD) (1–3), heart failure (4), and renal disease (5) in a variety of popula-
tions from both the western and eastern hemispheres. More recently, observational studies
have shown blood pressure to be directly associated with the risks of recurrent stroke (6)
and recurrent CHD events (7) among patients with a history of cardiovascular disease.
Randomized trials have demonstrated the beneficial effects of blood pressure lowering
treatments on the risks of stroke and CHD among patients with hypertension (8). Random-
ized trials have also demonstrated benefits of various drugs that lower blood pressure in
several other patient groups, including those with CHD, congestive heart failure, and dia-
betic nephropathy. Several of these important trials are the subjects of earlier chapters in
this book.

Although the evidence that blood pressure lowering reduces the risks of major car-
diovascular disease is beyond question, there is much still to be learned about the effects
of specific drug classes and of blood pressure lowering in high-risk patients without what
has classically been defined as hypertension. At present, the majority of available data on
the effects of blood pressure lowering on major cardiovascular outcomes in hypertensive
patients has been provided by trials of diuretic- or beta-blocker-based regimens (9). The
effects of angiotensin-converting enzyme (ACE) inhibitors, calcium antagonists, and other
newer classes of agents on major cardiovascular outcomes remain substantially less cer-
tain. Similar uncertainty remains about the effects of blood pressure lowering with any
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agent among patients with other high-risk conditions, such as cerebrovascular disease,
other vascular disease, or diabetes, particularly in the absence of what has usually been
defined as hypertension.

II. ESTABLISHED EFFECTS OF BLOOD-PRESSURE-LOWERING
TREATMENTS

A. Diuretic- or Beta-Blocker-Based Regimens

The combined results of previous randomized controlled trials of diuretic- or beta-blocker-
based regimens, involving a total of about 47,000 patients with hypertension, have demon-
strated that much of the epidemiologically expected benefit of the blood pressure reduc-
tions were achieved (9–11). A net reduction of 5 to 6 mm Hg in usual diastolic blood
pressure was associated with a 38% (standard deviation [SD] 4) reduction in stroke risk
and a 16% (SD 4) reduction in CHD risk. The proportional reductions in the risks of these
events were broadly similar in patients with mild, moderate, or more severe hypertension,
in older or younger patients, and in patients with or without a history of cerebrovascular
disease. The size of the absolute benefits of treatment varied in direct proportion to the
background level of risk (that is, patients at higher absolute risk of stroke or CHD experi-
enced the largest absolute reduction in risk). Few data are available from these trials about
the effects of treatment on heart failure or renal disease, although there have been reports
of reduced heart failure risk from individual trials of diuretic-based regimens (12, 13).

Data from four trials provide direct randomized evidence about the comparative
effects of diuretic- and beta-blocker-based regimens on the risks of stroke and CHD (14–
17). Collectively, in these trials there was no detectable difference among the regimens
in their effects on either outcome. However, although these studies involved a total of
24,000 patients (among whom about 300 strokes and 800 CHD events were observed),
even in combination they lacked adequate statistical power to determine reliably any mod-
est but potentially important treatment differences (for example, a 10% to 15% difference
in the relative risk of CHD). Other data about the effects of beta-blockers are also available
from trials among patients with CHD or heart failure. The results of these trials indicate
that among patients with a history of myocardial infarction, beta-blockers reduce the risks
both of reinfarction and cardiovascular death by about one fourth (18), and among patients
with heart failure, they reduce the risk of cardiovascular death by about the same propor-
tion (19). These effects of beta-blockers are somewhat larger than would be expected
from the modest blood pressure reductions produced and may, therefore, partially reflect
independent cardioprotective effects of beta-blocker drugs.

B. ACE Inhibitors

Comparatively few data are available about the effects of ACE inhibitors on the risks of
stroke and CHD in patients with hypertension. One recently completed large-scale study
compared the effects of captopril-based treatment with other regimens based on a diuretic
or beta-blocker in patients with hypertension (20). Interpretation of the results of this study
is complicated by a baseline difference in blood pressure levels between randomized
groups that persisted during follow-up. Although there was no difference between groups
in the incidence of CHD events, there were more strokes and fewer new cases of diabetes
among patients assigned the ACE inhibitor. It is possible, however, that irregularities in
the assignment of treatment, together with the unblinded study design, could have influ-
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enced the findings. Another recently completed trial compared the effects of ACE inhibi-
tor-based and beta-blocker-based blood-pressure-lowering treatment in hypertensive pa-
tients with diabetes (21). This study observed no differences between groups in the
incidence of stroke, CHD, total macrovascular events, or microvascular complications of
diabetes. Two other small studies (22, 23) have reported ACE inhibitors to be superior
to calcium antagonists in the prevention of major cardiovascular disease among patients
with diabetes, but each of these recorded too few events to provide reliable evidence.

Other data from placebo-controlled trials of ACE inhibitors among patients with left
ventricular dysfunction and patients with heart failure provide good evidence of reduced
cardiovascular mortality and heart failure-related morbidity (24) and suggestive, but not
definitive, evidence of a reduced risk of myocardial infarction (25). In addition, data also
indicate that ACE inhibitors have a beneficial effect on the progression of renal disease
in patients with diabetic nephropathy (26).

C. Calcium Antagonists

The results of one recently completed study (27) provide evidence of a significant reduc-
tion in stroke risk (of about 40% to 50%) among patients randomized to treatment with
the calcium antagonist, nitrendipine. Similar results were reported from two other trials
of nifedipine that used alternate assignment to active treatment or placebo instead of proper
random assignment (28, 29). Too few CHD events were observed in any of these studies
to draw reliable conclusions about the effects of calcium antagonists on the primary pre-
vention of CHD in patients with hypertension.

Similarly, data from trials in patients with CHD provide no evidence of an overall
effect of calcium antagonists on the risk of myocardial infarction (30, 31). Evidence is
suggestive, but not definitive, of a reduced risk of myocardial infarction in patients treated
with verapamil or diltiazem and an increased risk in patients treated with immediate-
release nifedipine (32). More recent trials of long-acting dihydropyridine agents involving
patients with heart failure have showed no clear evidence of an effect of calcium antago-
nists on overall mortality or morbidity (33, 34).

The effects of both calcium antagonists and ACE inhibitors on major noncardiovas-
cular outcomes remain largely uncertain, although questions have been raised (primarily
by the results of a few selected, nonrandomized, observational studies) about possible
harmful effects of calcium antagonists on cancer and bleeding risks (32). The one large
randomized trial of calcium antagonists that has been completed (27) recorded too few
such events to provide reliable evidence about the effects of calcium antagonists on those
outcomes. It has also been suggested that some calcium antagonists may have independent
effects that reduce the benefits of blood-pressure-lowering for CHD (30). However, to
date, the results from trials of newer agents in patients with CHD, left ventricular dysfunc-
tion, or heart failure suggest that any such independent effects, either beneficial or harmful,
are unlikely to be large.

D. More Intensive Versus Less Intensive Blood Pressure Lowering

The Hypertension Detection and Follow-Up Program (HDFP) provided the first evidence
that more intensive blood pressure lowering conferred greater benefits than less intensive
treatment (35). That study demonstrated that a diuretic-based stepped-care regimen pro-
vided greater protection against cardiovascular events than did usual care. Two trials have
recently provided more evidence about the effects of more intensive versus less intensive
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blood pressure lowering (36, 37). The Hypertension Optimal treatment (HOT) (36) study
conducted among 18,790 individuals with uncomplicated hypertension showed no clear
effect of more intensive treatment on the risks of stroke or CHD, although there was
little separation of the blood pressure distributions between groups. The United Kingdom
Prospective Diabetes Study (UKPDS 38) (37), conducted among 1148 patients with hyper-
tension and type II diabetes, achieved more substantial separation of blood pressure distri-
butions and observed a significantly lower risk of stroke in the group assigned more inten-
sive blood pressure control. The overall risks of both macrovascular disease and
microvascular disease were also reduced among those assigned more intensive therapy.
Similar findings for macrovascular disease were observed in the subgroup with diabetes
in the HOT study.

III. ONGOING AND PLANNED LARGE-SCALE TRIALS

In an effort to provide more reliable data with which to address the persisting uncertainties
about the effects of blood pressure lowering treatments, a number of new randomized,
controlled trials have been started over the past few years and others are currently being
planned (38). These new trials fall into two main groups. First, trials comparing newer
versus older drug classes in patients with high blood pressure, and second, trials comparing
newer drug classes against an untreated (or less actively treated) control condition in pa-
tients with isolated systolic hypertension or a high-risk disease history (for example, estab-
lished CHD, cerebrovascular disease, diabetes, or renal disease).

In comparison with the studies reported in the preceding chapters, many of these
new trials are large—particularly some of those comparing newer and older agents. How-
ever, the most plausible differences between the effects of the different blood-pressure-
lowering regimens being investigated in these studies are much smaller than the differ-
ences observed in trials comparing active treatment with inactive control. The most likely
relative risk differences between different classes of blood-pressure-lowering agents on
stroke or coronary heart disease may be 15% or less. The reliable detection of such differ-
ences requires randomized trials that record a thousand or more outcome events during
the scheduled follow-up periods. Few of the ongoing or planned trials are likely to observe
this number of events and, individually, are unlikely to resolve all the current uncertainties
about the effects of different treatment regimens. For this reason, systematic overviews
(or meta-analyses) in which data from the major ongoing or planned trials are combined
may be useful in detecting any true differences that may exist.

IV. SYSTEMATIC OVERVIEWS OF ALL RELEVANT TRIALS

The combination of all relevant trial results in a systematic overview (or meta-analysis)
will reduce random errors and biases (39) and, as a consequence, should provide more
reliable information about the effects of individual treatment regimens than would any
one study alone. Therefore, to ensure the identification of any moderate but important
treatment effects or differences, the principal investigators of the ongoing randomized,
controlled trials of blood-pressure-lowering treatments have agreed to collaborate in some
prospectively planned overviews under the aegis of the World Health Organization—
International Society of Hypertension (WHO-ISH) Liaison Committee. Specifically, two
overviews are planned: one comparing newer versus older drug classes in patients with
high blood pressure and the other comparing newer drug classes against an untreated (or
less actively treated) control condition in patients with isolated systolic hypertension or
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a high-risk disease. These overviews should provide very reliable information about the
effects of the main classes of blood-pressure-lowering agents on cardiovascular outcomes
and will provide valuable information about the safety of the same agents for a number
of other serious outcomes.

V. ADVANTAGES OF A PROSPECTIVE DESIGN USING INDIVIDUAL
PATIENT DATA

A feature of the overviews planned by the WHO-ISH collaboration is that none of the
trials to be included had reported results at the time the protocol for the project was
finalized. The prospective nature of the overviews has therefore enabled the a priori speci-
fication of the principal research hypotheses and the criteria for study inclusion. In this
way, retrospective outcome-dependent biases in the selection of questions for study and
trials for inclusion are avoided. This does not preclude the investigation of other research
questions, but the principal reports from the overviews will emphasize the prespecified
analyses. The use of individual patient data in these overviews will also provide more
information than has typically been available in overviews conducted using group data
alone. Individual patient data will permit the conduct of more complex analyses (such as
survival analyses to determine the evolution of any treatment differences over time) and
will facilitate the investigation of the comparative effects of treatment in major patient
subgroups. For several other treatments, including antiplatelet therapy in patients at risk
of cardiovascular events (40–42) and adjuvant therapy in patients with breast cancer (43,
44), systematic overviews based on individual patient data have enabled the identification
and characterization of small to moderate-sized treatment effects. These effects were not
always accurately identified by individual studies but have proved to be of considerable
importance in clinical management. Other treatments for which similar overviews are
planned include antithrombotic treatments and cholesterol-lowering therapies (45).

VI. METHODS

A. Trial Eligibility

Trials are potentially eligible for inclusion in these overviews if they meet one of the
following criteria: (a) randomization of patients between antihypertensive regimens based
on different blood pressure lowering agents; (b) randomization of patients between a blood
pressure lowering treatment and placebo (or other inactive control condition); or (c) ran-
domization of patients between different blood pressure goals. In addition, eligible trials
must have a planned minimum of 1000 patient-years of follow-up in each randomized
group and must not have published or presented the main trial results before July 1995.
Trials with factorial assignment of patients to other interventions, such as aspirin or choles-
terol lowering, are eligible for inclusion, but trials in which any such additional random-
ized interventions are assigned jointly with the blood-pressure-lowering treatment are not
eligible, as the effects of the blood-pressure-lowering treatments would be confounded
by the effects of the other treatments.

B. Trial Identification

A registry has been established to identify all major ongoing or planned randomized trials
of blood-pressure-lowering agents. Trials have been identified by a range of methods,
including computer-aided literature searches, scrutiny of the reference lists of trial reports
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and review articles, scrutiny of abstracts and meeting proceedings, and by inquiry among
colleagues, collaborators, and the manufactures of antihypertensive drugs. Determination
of eligibility was based on a review of details of the study design provided to the secretar-
iat. Studies identified subsequent to the preparation of this protocol will be added to the
register, and the principal investigators will be invited to join the collaboration.

C. Data Collection

Both individual patient data and summary tabular data will be sought from each trial, as
both are important for ensuring the accuracy of the overview analyses. Data requested for
each participant will include baseline characteristics recorded at (or immediately before)
randomization, selected measurements made during follow-up, and details of the occur-
rence of all predefined study outcomes during the scheduled follow-up period (Table 1).
The individual patient data files obtained from each trial will be carefully checked for
completeness of patient records, for balance of randomized group sizes (both overall and
according to baseline prognostic categories), and for other indicators of possible anoma-
lies. Summary tabular data to describe the number of patients allocated to each treatment

Table 1 Baseline, Follow-Up, and Outcome Data from Each Patient

Outcomes
Follow-up (all events in each category

Baseline (at annual, or similar recorded during scheduled
(at or before randomization) intervals) follow-up period)

Patient identifier Systolic blood pressure Ischemic stroke
Date of randomization Diastolic blood pressure Cerebral hemorrhage
Treatment allocation Weight Subarachnoid hemorrhage
Date of birth/age Serum cholesterol Other stroke (including unknown)
Gender Serum creatinine Myocardial infarction
Ethnicity Smoking status Hospitalization for heart failure
Systolic blood pressure Compliance Hospitalization for renal disease
Diastolic blood pressure Hospitalization or transfusion for
Weight noncerebral hemorrhage
Height Arterial revascularization proce-
Smoking status dure
Serum total cholesterol Major cancer (site-specific)
Serum creatinine Admission to hospital for any
Regular aspirin/antiplatelet drug other cause
Other BP-lowering drug Bone fracture
History of: Death (cause-specific)

Hypertension Date for each event
Diabetes Date of last follow-up for fatal
Left ventricular hypertrophy events
Heart failure Date of last follow-up for non-
Cerebrovascular disease fatal events
Coronary heart disease
Planned end of scheduled treat-

ment and follow-up

Abbreviation: BP, blood pressure.
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group, the numbers who developed each of the primary study outcomes, and the absolute
differences in blood pressure between the randomized groups at annual visits will also be
sought from each trial. The internal consistency of the data will be confirmed by the direct
comparison of analyses of the individual patient data with the summary data provided by
each trial. Computer-generated reports on these consistency checks, and any queries aris-
ing, will be referred back, in confidence, to the collaborating investigator for review and
resolution. This process should help to ensure that individual study results are correctly
included in the overview and, hence, that the overview analyses are reliable.

D. Prespecified Study Outcomes

The study outcomes chosen for inclusion in these overviews represent the main cardiovas-
cular disease outcomes likely to be affected by blood-pressure-lowering treatment regi-
mens and the main noncardiovascular disease outcomes for which uncertainty has been
expressed about the safety of some newer agents. The primary study outcomes for analysis
in this collaborative overview are: nonfatal stroke or death from cerebrovascular disease
(codes 430–438 in the 9th revision of the International Classification of Disease [ICD]);
nonfatal myocardial infarction or death from CHD (ICD 410–414); heart failure causing
death or requiring hospitalization (ICD 428); total cardiovascular deaths (ICD 396–459);
total cardiovascular events (stroke, CHD events, heart failure, other cardiovascular death);
and total mortality. The secondary study outcomes for analysis include: hemorrhagic
stroke (ICD 431–432); ischemic stroke (ICD 433–434); death or hospitalization for renal
disease (ICD 189, 403–404, 580–593); arterial revascularization procedure (ICD 36, 38.0,
38.1, 38.4); any bone fracture (ICD 800–829); death, hospitalization, or transfusion for
any noncerebral hemorrhage (ICD 459, 578.9, but not 430–432); or major site-specific
cancer (lung [ICD 162], large bowel [ICD 153–154], breast [ICD 174–175], or prostate
[ICD 185]); and admission to hospital for any cause. Outcome data on serum creatinine
levels at annual visits will also be analyzed.

E. Prespecified Study Comparisons

Two sets of primary comparisons have been prespecified (Table 2). The first concerns the
overview of trials comparing regimens based on newer and older blood-pressure-lowering

Table 2 Prespecified Comparisons

Regimens comparing newer versus older blood pressure lowering drugs in patients with hyperten-
sion

Angiotensin-converting enzyme inhibitor versus diuretic or beta-blocker
Calcium antagonist versus diuretic or beta-blocker

Dihydropyridine calcium antagonist versus diuretic or beta-blocker
Verapamil or diltiazem versus diuretic or beta-blocker

Angiotensin-converting enzyme inhibitor versus calcium antagonist

Regimens comparing blood-pressure lowering versus control in high-risk patients and regimens
comparing more intensive with less intensive blood-pressure lowering

Active versus placebo or other control
Angiotensin-converting enzyme inhibitor versus placebo
Calcium antagonist versus placebo

More intensive blood-pressure lowering versus less intensive blood-pressure lowering
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treatments that produce similar blood pressure reductions. In this overview, the primary
comparisons will be of (a) ACE inhibitor-based treatment versus diuretic- or beta-blocker-
based treatment and (b) calcium antagonist-based treatment versus diuretic- or beta-
blocker-based treatment. Separate analyses will also be conducted for the main subgroups
of calcium antagonists. In addition, comparisons of ACE-inhibitor-based treatment and
calcium-antagonist-based treatment will be performed.

In secondary analyses of this overview, tests of interaction will be performed to
assess the associations of any treatment differences with the following patient characteris-
tics: age, gender, diabetes, preexisting cardiovascular disease, baseline serum creatinine,
baseline serum cholesterol, baseline systolic and diastolic blood pressure, and non-study
blood pressure lowering drug treatment at entry. However, in the principal publications,
the reporting of results for specific patient subgroups and for secondary outcomes will be
restricted to those analyses for which the number of recorded events gives sufficient power
to provide reasonably reliable results (for example, subgroups in which more than 1000
events were recorded would have reasonable power to detect a difference between treat-
ment regimens of 20% or more).

The second set of primary comparisons concerns the overview of trials comparing
blood pressure lowering regimens with an untreated or less actively treated control condi-
tion. In this overview, the primary comparisons will be of (a) ACE inhibitor-based treat-
ment versus control and (b) calcium antagonist-based treatment versus control (with sepa-
rate analyses conducted of the main subgroups of calcium antagonists). In addition,
comparisons of more intensive and less intensive blood-pressure-lowering regimens will
be made. Separate analyses will be conducted for patients with the following conditions:
isolated systolic hypertension, coronary heart disease, cerebrovascular disease, renal dis-
ease, and diabetes.

For each of the prespecified primary comparisons of the effects of treatment regi-
mens on primary study outcomes, the null hypothesis will be tested, namely, that there
is no difference between regimens in their effects on outcome. In general, indirect nonran-
domized comparisons between the results of the prespecified randomized comparisons
described above will be avoided.

Additional research questions (for investigation in the subset of ongoing trials with
results that remain blinded) may be formally added to an updated protocol at a recorded
time. Comparisons of other new drug classes, such as alpha-blockers, angiotensin-II block-
ers, or vasopeptidase inhibitors will be conducted if sufficient trials of these agents are
begun to warrant separate analyses.

F. Statistical Analyses

The principles that underlie such overviews of randomized trials and details of the statisti-
cal methods used for analysis are well established, have been described many times previ-
ously (43, 44), and are only briefly summarized here. The Mantel-Haenszel method for
combining data from different studies will be used. In most of the trials that will contribute
to this overview, results for particular outcomes of interest (for example, myocardial in-
farction or death from CHD) will be available separately for each participant for each
year after randomization. Thus, for each trial a separate value can be calculated for each
year of follow-up, and the sum of these separate values can be used to yield the log-rank
test statistic for a year of event analysis in that trial. Separate log-rank test statistics for
each trial can then be combined to produce an overview analysis of all trials. The main
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advantage of performing such an analysis is that pooled log-rank analyses can help to
determine the time course over which any treatment differences evolve. Similarly, analyses
combining the information from selected patient subgroups within separate trials will
allow questions about the effects of treatment in major patient subgroups to be addressed.
In interpreting subgroup results, emphasis will always be placed on the overall results,
unless there is clear and consistent evidence of heterogeneity.

VII. RESULTS

A. Characteristics of the Eligible Trials

Thirty-seven trials that are ongoing or soon to start have been confirmed as being eligible
for inclusion in the overview (Table 3). Agreement to participate has been confirmed by
the principal investigators of 35 studies, and baseline data describing the trial design and
characteristics of the study population have been obtained. These include 21 trials compar-
ing different drug regimens and 21 trials comparing a treatment regimen with an untreated
or less-treated control condition. Twenty of the trials are conducted exclusively in patients
with hypertension, nine are conducted in patients selected on the basis of coronary disease
or cerebrovascular disease, and seven in patients with renal disease or diabetes.

The total planned recruitment to these trials is 268,003 patients, the mean projected
follow-up is 4.25 years, and the total projected patient-years of follow-up is 1,140,182.
In the trials comparing different treatment regimens, 66,177 patients will be randomized
between ACE inhibitor-based treatment and diuretic- or beta-blocker-based treatment,
42,888 between dihydropyridine calcium antagonist-based treatment and diuretic- or beta-
blocker-based treatment, and 54,500 between verapamil or diltiazem calcium antagonist-
based treatment and diuretic- or beta-blocker-based treatment. In the trials comparing a
blood-pressure-lowering treatment with an untreated or less-treated control condition, the
total number of patients planned is 75,295, of which 44,667 will be randomized between
ACE inhibitor–based therapy and control, and 24,120 will be randomized between calcium
antagonist–based therapy and control. In addition 20,790 patients will be randomized be-
tween regimens that aim to lower blood pressure more or less intensively.

B. Expected Numbers of Disease Events and Statistical Power

The first round of analyses is scheduled to be conducted in 1999 and the second in 2003.
The selection of these dates was based on the projected availability of data and statistical
power to detect plausible outcomes. Data from a total of 64,593 patients should be avail-
able in 1999 (patients contributing to comparisons of different treatment regimens and to
comparisons of treatment versus no or less treatment). In 2003, data from all patients
should be available. Estimates of the statistical power for the principal comparisons of
treatment effects on stroke, major CHD events, and total cardiovascular events are given
in Table 4. For comparisons between different treatment regimens, all calculations assume
minimum detectable differences of 15% (relative risk � 0.85) for stroke, CHD, and total
cardiovascular events. For comparisons between treatment and an untreated or less actively
treated control condition, the calculations assume minimum detectable differences of 30%
for stroke and 15% for CHD and total cardiovascular events. The estimates of statistical
power are calculated with α � 0.05. The estimated number of events for each study
was derived in order of preference from a recent estimate provided by the collaborating
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Table 3 Characteristics of Trials Identified as Eligible for Inclusion in Overviews

Trial details Patient characteristics

Randomized Entry blood pressure Estimated
Planned treatments levels events

Ref Patients follow-up (factorial Completion Entry Age
Acronym Title no. (n) (years) assignments) date criteria (years) DBP SBP CHD Stroke

AASK African American Study — 1200 5 ACE, beta, dCA 2001 HBP � RD 18–70 �95 any 144 72
of Kidney Disease and (more, less)
Hypertension

ABCD Appropriate Blood Pres- (46) 950 5 ACE, dCA 1998 DM �40�74 any No ISH 119 59
sure Control in Diabe-
tes Trial

ACTION A Coronary Disease Trial (47) 6000 5 dCA, plac 2003 CAD �34 none None 918 333
Investigating Outcome
with Nifedipine GITS

ALLHAT Antihypertensive therapy (48) 40000 6 ACE, alph, 2002 HBP � �55 �89�110 �139�180 2580 2790
and lipid-lowering dCA, diur CVD risk
heart attack prevention (chol, open)
trial

ANBP2 Australian National (49) 6000 5 ACE, diur 2002 HBP 65–84 �89 �159 300 150
Blood Pressure
Study 2

ASCOT Anglo-Scandinavian Car- — 18000 5 dCA � ACE, 2003 HBP � �39–79 �89 �139 1150 400
diac Outcomes Trial beta � diur CVD risk

(chol, plac)
BENEDICT Bergamo Nephrology Dia- — 2400 3 ACE, nCA, plac 2001 DM �39 �89 �139 200 100

betes Complication
Trial

CAPPP Captopril Prevention Pro- (20) 10800 5 ACE, beta/diur 1998 HBP 25–66 �99 any 324 162
ject

CLEVER Chinese Lacidipine Event — 10000 3 dCA, plac 2002 HBP � 50–79 95–115 160–210 200 400
Reduction Trial CVD risk
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CONVINCE Controlled Onset Vera- (50) 15000 5 nCA, beta/diur 2001 HBP � �54 �89�110 �139�190 1250 750

pamil Investigation for CVD risk
Cardiovascular End-
points

DIAB-HYCAR Diabetes Hypertension — 4000 3 ACE, plac 1999 DM � prot �50 any any 300 150
Cardiovascular Mor-
bidity-Mortality and
Remipril

ELSA European Lacidipine (51) 2251 4 dCA, beta 2000 HBP 45–75 �94�116 �149�211 89 44
Study of Atheroscle-
rosis

EUROPA European Trial on Reduc- — 10500 3 ACE, plac 2004 CAD �18 any any 964 350
tion of Cardiac Events
with Perindopril

HDS Hypertension in Diabetes (21) 1148 8.2 ACE, beta, 1998 HBP � 25–75 �84 �149 244 122
Study open (ins, DM

sul, diet)
HOPE Heart Outcomes Preven- (52) 9541 4.7 ACE, plac 2000 CVD risk �54 any any 1200 550

tion Evaluation Study (vit E, plac)
HOT Hypertension Optimal (36) 19196 3.5 more, less 1997 HBP 50–80 �99�116 any 552 276

Treatment Trial (asp, plac)
HYVET Hypertension in the Very (53) 2100 5 ACE, diur, plac 2001 HBP �80 �89�110 �159�220 683 341

Elderly Trial
IDNT Irbesartan Diabetes — 1650 3 AIIA, dCA, 2000 DM � prot 30–70 �84 �134 124 62

Nephropathy Trial plac
INSIGHT Int’l Nifedipine GITS (54) 6592 3 dCA, diur 1999 HBP � 55–80 �94 �149 246 123

Study Intervention as a CVD risk
Goal for Hypertension
Therapy

INVEST International Verapamil/ (55) 27000 2 nCA, beta 2000 HBP � �49 None None 581 268
Trandolapril Study CAD

LIFE Losartan Intervention for (56) 9194 4 AIIA, beta 2001 HBP � 55–80 95–115 160–200 693 347
Endpoint Reduction in LVH
Hypertension
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Table 3 Continued

Trial details Patient characteristics

Randomized Entry blood pressure Estimated
Planned treatments levels events

Ref Patients follow-up (factorial Completion Entry Age
Acronym Title no. (n) (years) assignments) date criteria (years) DBP SBP CHD Stroke

NICS-EH National Intervention Co- (57) 1000 5 dCA, diur 1997 HBP �59 �115 �159�220 30 15
operative Study in El-
derly Hypertensives

NORDIL Nordic Diltazem Study (58) 11000 5 nCA, beta/diur 2002 HBP 50–69 �99 any 360 180
PART2 Prevention of Atheroscle- — 617 4 ACE, plac 1998 athero 18–75 any any 40 14

rosis with Ramipril
PEACE Prevention of Events — 8000 5 ACE, plac — CAD �50 any any 1224 444

with Angiotensin Con-
verting Enzyme Inhib-
ition

PHYLLIS Plaque Hypertension (59) 450 3 ACE, plac 2000 CIT 45–70 95–115 �150�211 7 4
Lipid-Lowering Italian (chol, plac)
Study

PREVENT Prospective Randomised — 825 5 dCA, plac 1997 ang CHD 30–80 any any 20 6
Evaluation of Vascular
Effects of Norvasc

PROGRESS Perindopril Protection (60) 6000 5 ACE, plac 2000 Stroke or any any any 600 300
Against Recurrent TIA
Stroke Study

QUIET Quinapril Ischaemia (61) 1750 3 ACE, plac 1996 ang CHD 18–75 any any 500 350
Event Trial
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RENAAL Randomized Evaluation — 1500 4 AIIA, plac 2002 DM 31–70 �110 �200 100 50

of NIDDM with the
All Antagonist Lo-
sartan

SCAT Simvastatin/Enalapril (62) 460 5 ACE, plac 1998 CAD — any any 42 15
Coronary Atherosclero- (chol, plac)
sis Trial

SCOPE Study of Cognition and (63) 4000 2.5 AIIA, plac 2003 HBP 70–89 90–99 160–179 60 30
Prognosis in Elderly
Patients with Hyperten-
sion

SHELL Systolic Hypertension in (64) 4800 3.5 dCA, diur 1999 HBP �59 �95 �160�220 101 50
the Elderly Lacidipine
Long-Term Study

STOP-2 Swedish Trial in Old Pa- (65) 6628 4 ACE, beta/diur, 1998 HBP 70–84 �104 �179 318 167
tients with Hyperten- dCA
sion

SYST-EUR SYST-EUR Multicentre (27) 4695 1.6 dCA, plac 1997 ISH �59 �95 160–119 500 250
Trial

VALUE* Diovan Antihypertensive — 14400 6 AIIA, dCA — HBP � �49 �115 �210 1450 869
Long-term Use Evalua- CVD risk
tion

VHAS Verapamil in Hyperten- (66) 1414 2 nCA, diur 1996 HBP 40–65 �94 �159 40 20
sion Atherosclerosis
Study

*Collaboration pending.
Abbreviations: ACE, angiotensin-converting enzyme inhibitor; AIIA, angiotensin II antagonist; alph, alpha blocker; ang CHD, angiographic coronary heart disease; asp, aspirin;
athero, atherosclerosis; beta, beta blocker; chol, cholesterol lowering; CIT, carotid intimal thickness; CVD, cardiovascular disease; dCA, dihydropyridine calcium antagonist; diur,
diuretic; DM, diabetes mellitus; HBP, high blood pressure; ins, insulin; ISH, isolated systolic hypertension; less, less intensive blood pressure lowering; LVH, left ventricular
hypertrophy; more, more intensive blood pressure lowering; nCA, nondihydropyridine calcium antagonist; open, open control; prot, proteinuria; RD, renal disease; sul, sulfonyluria;
TIA, transient ischemic attack; vit E, vitamin E.
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Table 4 Estimates of Statistical Power* for Principal Prespecified Comparisons

Data available in 1999

Estimated number of
events Estimated power (α � 0.05)

Comparison n CHD Stroke CVD CHD Stroke CVD

Newer vs older regimens
ACE vs beta/diur 15,977 714 346 1169 55% 30% 78%
CA vs beta/diur 12,018 464 253 789 39% 22% 61%

dCA vs beta/diur 12,018 464 253 789 39% 22% 61%
nCA vs beta/diur 0 0 0 0 — — —

ACE vs CA 4419 213 112 358 19% 11% 31%
More vs less or none
Active vs placebo/control 23,035 2342 1063 3746 98% � 99% � 99%

ACE vs placebo 17,157 2033 829 3148 96% � 99% � 99%
CA vs placebo 5520 225 200 468 20% 61% 40%

More vs less 18,790 205 288 542 18% 77% 60%

Data available in 2003
Estimated number of

events Estimated power (α � 0.05)

Comparison n CHD Stroke CVD CHD Stroke CVD

Newer vs older regimens
ACE vs beta/diur 66,177 4074 2773 7532 � 99% 99% � 99%
CA vs beta/diur 97,388 4462 3219 3219 � 99% 99% � 99%

dCA vs beta/diur 42,888 2231 2001 4655 96% 94% � 99%
nCA vs beta/diur 54,500 2231 1218 3794 96% 78% � 99%

ACE vs CA 24,779 1660 1469 3442 90% 86% � 99%
More vs less or none
Active vs placebo/control 75,295 6982 3940 12,014 � 99% � 99% � 99%

ACE vs placebo 44,667 5047 2691 8512 � 99% � 99% � 99%
CA vs placebo 24,120 1551 1037 2847 88% � 99% 99%

More vs less 20,790 455 413 954 37% 91% 68%

*For comparisons between different treatment regimens, all calculations assume minimum detectable differences
of 15% (relative risk � 0.85) for stroke, CHD, and total cardiovascular events. For comparisons between treat-
ment and an untreated or less actively treated control condition, the calculations assume minimum detectable
differences of 30% for stroke and 15% for CHD and total cardiovascular events.
Abbreviations: ACE, angiotensin-converting enzyme inhibitor; beta, beta blocker; chol, cholesterol lowering;
CIT, carotid intimal thickness; CVD, cardiovascular disease; dCA, dihydropyridine calcium antagonist; diur,
diuretic; less, less intensive blood pressure lowering; more, more intensive blood pressure lowering; nCA, nondi-
hydropyridine calcium antagonist; CHD, nonfatal myocardial infarction plus death from coronary heart disease;
stroke, nonfatal stroke plus death from cerebrovascular disease; CVD, 1.1 � (CHD plus stroke).

investigator, the original study sample size calculations or, in the absence of other informa-
tion, an estimate based on the projected event rates of the most similar trials.

Overall the estimated number of events accrued will be about 10,000 strokes, 16,000
CHD events, and 29,000 cardiovascular events. These estimates are based on average
event rates of 0.9% per annum for stroke, 1.5% per annum for CHD events, and 2.6%
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per annum for total cardiovascular events (1.1 � sum of stroke and CHD events). These
expected event rates are somewhat higher than those observed in the studies included in
a previous overview of trials of antihypertensive therapy (0.6% pa for stroke and 0.8%
pa for CHD events) (9), which may reflect the selective enrollment of higher risk patients
in many of these studies (based on factors such as age, diabetes and a history of major
cardiovascular disease).

By 2003, the available data should provide good power to detect modest differences
in the frequency of each of the principal outcomes for the main treatment comparisons.
By 1999, however, the power to assess such cause-specific treatment effects is likely to
be suboptimal, and the principal focus of analyses at that time will be the combined out-
come of total cardiovascular events for those comparisons for which there is reasonable
statistical power to detect plausible treatment differences or effects.

VIII. SUMMARY

This project was initiated in 1995 as a collaboration between the principal investigators
of all the major randomized trials of blood pressure lowering treatments ongoing at that
time. With the commencement of new trials, the collaboration has expended to included
representatives from as many eligible studies as possible. The principal objectives of the
collaboration are to provide reliable data about the effects of newer classes of blood pres-
sure lowering drugs on major causes of cardiovascular morbidity and mortality in a variety
of patient groups at increased risk of cardiovascular disease events. This will be achieved
through the conduct of overviews investigating the comparative effects of regimens based
on newer and older classes of blood-pressure-lowering drugs and the effects of regimens
based on newer drug classes in comparison with untreated or less-treated control condi-
tions.

The combination of trial results in such overviews will reduce random errors and
avoid biases in the selection of trials for inclusion and, as a consequence, should provide
more reliable information about the effects of these drugs than would any one study alone.
Separate analyses will be conducted for the main drug groups (principally, ACE inhibitors
and calcium antagonists, with separate analyses of dihydropyridine agents and verapamil
or diltiazem) and for the principal patient subgroups (in those with high blood pressure,
CHD, cerebrovascular disease, renal disease, or diabetes). Thirty-seven trials of blood-
pressure-lowering treatments have been identified as potentially eligible for inclusion in
this project, and agreement to collaborate has been confirmed by the investigators from
35 trials. The eligible trials involve a projected total of about 268,000 patients, among
whom a total of about 1.1 million patient-years of follow-up will be accrued on completion
of all studies. The first round of analyses, based on data from about 65,000 patients, will
be conducted in 1999.
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