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  Pref ace   

 The aging of the world population is highlighting the problems encountered by 
older people as they seek health care. Medication use is a double-edged sword: the 
benefi cial effects of drug therapy must be balanced against potential and real side 
effects that drugs can cause in older patients. The situation is made more complex 
for individual patients because of the multiple factors involved, such as the physio-
logic changes in the body due to aging processes, the accumulation of comorbidi-
ties, and the use of drugs to manage various conditions and symptoms. Falls are a 
dreaded event in older people. It can affect a person biologically, resulting in soft 
tissue and bony trauma including fractures, psychologically resulting in fear of fall-
ing and mental health well-being resulting in depression. The identifi cation of and 
reduction in fall risks in older people is a worldwide concern. Falls (or the reduction 
in their numbers) are a ubiquitous quality measure of health care delivery. Medication 
use is an important and potentially modifi able factor. This book serves as a reposi-
tory of knowledge and scientifi c evidence concerning medications and their effects 
on falls risk. The book will inform readers of the complexity of the issue of medica-
tion-related falls in older people and provide strategies for its management. The 
target audience for this book includes (1) health professionals with an interest in 
researching and caring for older people, (2) managers of institutions or health sys-
tems, (3) policy-makers and health system funding decision-makers, and (4) the 
general public seeking high-quality information on this topic – especially those 
individuals with aging parents who have experienced falls or medication problems. 
This book will not be able to provide a single solution to this important clinical 
problem because of its complexity. Perhaps in the future, as a convergence of 
genomics, proteomics, and therapeutics occurs, health science may be able to opti-
mize medication use in each individual person to minimize the risk of side effects 
and adverse events.  

    Ottawa ,  ON ,  Canada      Allen     R.     Huang   
    Montréal ,  QC ,  Canada      Louise     Mallet       
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    Chapter 1   
 Introduction                     

     Allen     R.     Huang       and     Louise     Mallet     

    Abstract     Every person will fall throughout their life. More than one-third of 
community- dwelling older adults fall every year. One of the important risk factors 
for falling is taking medications. The contents of this book will help the reader 
understand the various factors involved in increasing the risk for falls in older adults 
and the various medications that contribute to that risk. This book represents a 
repository of scientifi c evidence current at the time of its publication and can help 
students and researchers understand the problem. People involved in health policy- 
making may also be engaged to help address this global problem. Additionally any-
one with an interest in this topic can learn about medications and falls.  

     Books, in all their variety, offer the human intellect the means whereby civilisation may be 
carried triumphantly forward. (Winston Churchill, November 8, 1937, Statement for the 
National Book Fair) 

   The inspiration for this book came from the editor-in-chief of the journal  Drugs 
and Aging , Professor David Williamson. The invitational e-mail message arrived in 
my inbox one morning, asking whether I would be interested in editing a book on 
the topic of medication-related falls in the elderly. This topic was the subject of a 
review article published in  Drugs and Aging  in 2012 that was among the top 10 
downloaded articles from that journal and was frequently cited in other works. After 
refl ecting for a few hundreds of milliseconds, accounting for my aging neurones, I 
replied “yes” and immediately consulted with my colleague and geriatric pharma-
cist Louise Mallet. The idea of producing a book in the era of digital data, 9-second 
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sound bites 1 , and instant information where “google” is now a verb 2  initially seemed 
counter- intuitive. This book project reminds me of one of the original Star Trek 
television episodes, entitled “Court Martial” (season 1, episode 20, 1967) when 
Captain Kirk was accused of reckless behaviour during an ion storm, resulting in the 
ejection of a research pod in order to save the starship. His legal case was defended 
by attorney Samuel T. Cogley, who insisted on trusting his books and not relying on 
computer records. His case was won when the logician, Mr. Spock, observed that he 
was able to repeatedly win at computer chess, indicating that something had changed 
in the ship’s computer and therefore also the logs. The episode came to the conclu-
sion that computers are not infallible and that human intuition, logic, and under-
standing of out of range results are needed to arrive at the truth. Similarly, I feel that 
books lend a permanency to information and knowledge. Maybe it represents a 
subconscious comfort, reliving the time spent in the medical library, searching for 
information by poring through references in the huge tomes of Index Medicus. 
Although a published work may appear static, the words and writing it contains 
embody the deep knowledge and personalities of the authors. Therefore, a book 
lives and breathes. The words tell the reader about the knowledge and wisdom the 
author wishes the reader to understand. 

 Every person will fall throughout their life: as a toddler learning to walk, as a 
child and adolescent partaking in sporting activities, as an adult partaking in thrill- 
seeking activities and fi nally as an older adult. More than one-third of community- 
dwelling older adults fall every year. One of the important risk factors for falling is 
taking medications. Prescription medications are a double-edged sword: they help 
manage various medical conditions and they also have potential side effects that can 
affect an older person’s blood pressure and neuromuscular control resulting in an 
increased risk for falling. The topic of medication-related falls in older people has 
many moving parts: physical and physiologic changes in the aging body, changes in 
the way the body handles medications and the effects of those medications, the puz-
zling presentation of illness in older people, the medication cascade, the need for 
health-care workers and professionals to think differently and health-care systems 
that need to better manage older patients. After all, we wish to improve the health- 
care system to look after ourselves when we grow old and need those services for 
ourselves. 

 We hope that this book will help health-care providers recognize the role of 
medications in increasing the risk of falls. With this awareness, more frequent 
review of medications and targeting of fall risk-increasing drugs and proactive inter-
ventions with the goal of fall prevention can occur. This book is divided into four 
parts. The Background section describes the scope of the global problem of falls 
and how to critically interpret the myriad published data on falls. Part   2    , “Why Are 
Older People At Risk?” describes the various factors, both intrinsic to older people 
and extrinsic, that are modifi able which conspire to put older people at higher risk 

1   Ryfe and Kemmelmeier [ 1 ]. 
2   The word “google” was added as a transitive verb to the  Oxford English Dictionary  on June 15, 
2006. 

A.R. Huang and L. Mallet
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for falls. Part   3     drills down into the details of various medication classes that have 
been identifi ed as being associated with increased fall risk. Finally in Part   4    , 
“Management of Medication-Related Falls” evidence supporting various strategies 
will be presented that clinicians can use to modify fall risk in older patients taking 
medications. 

 This work was designed to serve several purposes. Firstly, it represents a repository 
of scientifi c evidence concerning the topics discussed in each chapter. We had thought: 
“Wouldn’t it be handy to have a single volume containing all the signifi cant references 
so that future students, and investigators would have this information at their fi nger-
tips?” Secondly, a reader who wishes to skim the chapters and scan the abstracts or 
very important points (VIPs) boxes can get a good overview of this important clinical 
topic. Thirdly, people who are involved in policy-making can use this book and the 
knowledge and data embedded in its chapters to develop systems (environmental, 
social, health, education) which can help address this global problem. Finally, people 
who are sometimes patients can read and learn about medications and falls. 

 Although this book is destined to be available primarily in electronic format, we 
hope that it also fi nds a place on your bookshelf. For me a book is best embodied in 
its paper form. Paper is a universal operating system. It does not crash. Page corner 
turndowns become satisfying bookmarks. Touching a line of text with a highlighter 
pen or underlining with a pencil or pen somehow reinforces the understanding and 
memory of what was just read. Whatever your preference, Louise and I hope that 
this book will help you understand and appreciate the topic of medication-related 
falls in the elderly.    

  Acknowledgments   Lastly, Louise and I wish to gratefully acknowledge and thank all the 
 contributors who invested their time to write in order to communicate their knowledge within 
this book.  

   Reference 

    1.    Ryfe DM, Kemmelmeier M (2011) Quoting practices, path dependency and the birth of mod-
ern journalism. J Stud 12:10–26    
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    Chapter 2   
 The Aging Population and Falls: 
Consequences and Costs                     

     Paula     M.     Horsley      and     Allen     R.     Huang     

    Abstract     Adults 60 years of age and older are the fastest-growing group in the 
world. Falling is defi ned as “an event which results in a person coming to rest inad-
vertently on the ground or fl oor or other lower level” and is a common clinical and 
public health problem that affects many older adults. Approximately 5-10% of falls 
result in serious injury to the person. Bipedal locomotion that evolved as humans 
evolved places us at higher risk for falling. Perturbations to circulatory, respiratory, 
nervous, and musculoskeletal systems, along with impaired cognition and concen-
tration, can increase fall risk. Falls are costly. Falls can also have a signifi cant impact 
on the quality of life of older adults. Fall prevention is paramount. Strategies aimed 
at preventing falls need to be multifaceted and widespread to address the many 
 different risk factors.  

   Adults over the age of 60 years are the fastest-growing group within the global 
population [ 28 ]. It is projected that this population group will increase in number 
from 841 million in 2013 to over 2 billion in 2050 [ 21 ]. This means that older adults, 
who currently make up 12% of the population, will more than double in size and 
make up 21.1 % of the population in the year 2050 [ 21 ]. By 2050 (or even a few 
years earlier), it is expected that older adults will outnumber children for the fi rst 
time in the history of the world [ 21 ]. The growth of this population group is not 
expected to stop in 2050; in fact, the United Nations predicts that the number of 
older adults will continue to grow and will triple in number by the year 2100 [ 22 , 
 23 ]. This  tremendous increase in the global population of older adults will signifi -
cantly impact society and our world as we know it. 
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 Although older adults make up a large proportion of our global population, it is 
important to note that some regions within the world have a greater impact on these 
numbers than others [ 30 ]. Based on statistics taken by the World Health Organization 
in 2013, the Region of the Americas, the Western Pacifi c Region, and the European 
Region currently have the highest proportion of adults over the age of 60 years (14 %, 
15 %, and 21 %, respectively) [ 30 ]. Older adults in the African Region, Eastern 
Mediterranean Region, and Southeast Asia Region make up a smaller proportion of 
their populations, ranging from 5 to 8 % [ 30 ]. Therefore, the impact that this growing 
global population group has on each country varies geographically. Particular atten-
tion has been placed on the cohort of people aged 85 years and older, since this cohort 
is expanding at the most rapid rate and life expectancy for males and females com-
bined in Canada is projected to increase from 82.6 years to 92.2 years by the year 
2100 [ 23 ]. 

 Falling is a common clinical and public health problem that affects many older 
adults around the world [ 15 ,  17 ,  20 ,  28 ,  29 ]. The World Health Organization defi nes 
a fall as “an event which results in a person coming to rest inadvertently on the 
ground or fl oor or other lower level” [ 27 ,  29 ]. Falls are a signifi cant concern for 
many older adults, as approximately one-third of older adults living in the commu-
nity fall each year [ 3 ,  6 ,  24 ]. As one ages, there is an increased risk of falling and 
the falls are often of greater signifi cance [ 14 ]. This risk continues to increase over 
time [ 24 ], as evidenced by fatal fall rates peaking in the 85-year-old and older cat-
egory [ 28 ]. Although not every fall leads to a serious injury, approximately 5–10 % 
do [ 3 ]. A fall can lead to chronic pain, fear of future falls, decreased independence, 
and decreased quality of life [ 28 ], as well as immobility, morbidity, early long-term 
care placement, and even death [ 15 ]. In 2012 alone, 28,753 deaths in the United 
States were due to unintentional falls [ 13 ]. Globally, unintentional falls are the sec-
ond leading cause of injury resulting in death and most commonly occur in adults 
over the age of 60 years [ 27 ,  29 ]. 

 In order to understand why humans fall, it is important to consider many factors 
that increase one’s risk of falling, starting with our desire to walk on two feet. The 
evolution of the human ability to walk upright occurred in a stepwise manner, as 
evidenced by differing physical features seen in our ancestors as we transitioned 
from quadrupeds to bipeds [ 26 ]. As a biped, the human body relies heavily on the 
musculoskeletal system and brain to continuously make adjustments to one’s pos-
ture due to the lack of rigid fi xation between our vertically stacked body parts [ 16 ]. 
This lack of fi xation, combined with a constant force of gravity acting upon it, 
increases our risk of falling whenever we move and disturb this vertical alignment 
[ 16 ]. A high center of mass, as a result of our upright posture, and small surface area 
with which to balance on further contribute to our instability as bipeds [ 16 ]. 

 The pathophysiology of a fall in older adults is complex and often involves a 
combination of many different factors [ 1 ,  12 ]. Adding to this complexity is the sig-
nifi cant amount of diversity between older adults, which makes it even more diffi -
cult to determine an individual person’s risk for falling [ 28 ]. The intricate interplay 
of many different systems, such as the coordinated interactions of the circulatory, 
respiratory, nervous, and musculoskeletal systems, along with functioning  cognition 

P.M. Horsley and A.R. Huang
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and concentration, plays an important role in fall prevention [ 1 ,  15 ,  20 ]. With age, 
these systems start to become less effi cient and effective, which increases one’s risk 
for falling [ 1 ]. Older adults often have a more rigid and less coordinated gait than 
younger populations, which, in combination with decreased refl exes, muscle 
strength, and posture control, impairs their ability to maintain balance [ 15 ]. There 
are also many external factors that can increase an individual’s risk for falling, such 
as environmental hazards [ 28 ,  29 ], individual behaviors (such as risk-taking and 
ethanol consumption) [ 28 ], pain [ 19 ], and a selection of associated medications [ 1 , 
 4 ,  7 ,  9 ,  20 ,  24 ]. The subsequent chapter on “Age-Related Physical and Physiologic 
Changes and Co-morbidities in Older People: Association With Falls” will describe 
these factors in detail. 

 Falls are costly. Approximately 0.85–1.5 % of total health-care dollars in North 
America, Australia, the United Kingdom, and Europe are spent on costs relating to 
falls [ 8 ,  14 ]. Based on the data collected by Stevens and colleagues [ 18 ] and correct-
ing for infl ation, the Centers for Disease Control and Prevention estimated that the 
direct medical costs for falls in the elderly in 2013 in the United States were approx-
imately US$ 34 billion [ 2 ]. The actual cost is likely higher, as estimates do not take 
into account the costs associated with disability, reliance on others, time lost from 
both in-home and out-of-home work, or decreased quality of life [ 2 ]. Current pro-
jections indicate a continued increase in the costs associated with falls, as the global 
population ages and more falls occur [ 2 ]. 

 Not only are falls costly, but they can also have a signifi cant impact on the life of 
older adults. The fear of falling is a common concern that affects many individuals, 
even in those who have no previous history of falling [ 11 ]. Sixty-three percent of 
seniors in long-term care and 26–55 % of community dwelling older adults are 
afraid of falling [ 10 ]. Older adults will often limit their activities, resulting in physi-
cal deconditioning and a decreased quality of life, due to fear of injuring themselves 
when mobilizing [ 10 ,  15 ]. In addition to concerns about injury, older adults often 
fear falling because they do not want to be embarrassed socially, lose their indepen-
dence, or need to move out of their own home [ 28 ]. 

 Fall prevention is paramount. Strategies aimed at preventing falls need to be mul-
tifaceted and widespread to address many different risk factors that play a role in 
falling [ 29 ]. As described by the World Health Organization in their recent age- 
friendly world initiative, proper community planning, such as ensuring that build-
ings are accessible, public transportation is safe, and social and leisure activities are 
abundant and available for older adults, is an essential component in fall prevention 
[ 31 ]. Assessing and modifying one’s own home environment, particularly in high-
risk fallers, to increase safety and minimize hazards have also been found to reduce 
the risk of falling in older adults [ 6 ]. Promoting healthy societal and individual atti-
tudes, such as encouraging older adults to stay active, participate in social activities, 
and ask for help when needed, would help dispel the false belief that falling is a 
normal age-related change and would also help engage individuals in fall prevention 
precautions [ 25 ,  28 ,  31 ]. Physical activity has been shown to help prevent falls in the 
elderly [ 5 ,  6 ], including falls that would have resulted in severe injury [ 5 ]. Muscle 
strengthening, fl exibility, and improving sense of balance have been shown to be 

2 The Aging Population and Falls: Consequences and Costs
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cost-effective ways to address this multifaceted issue. Last but certainly not least, 
proper management of medications plays a key role in preventing falls [ 4 ,  7 ,  9 ,  24 ]. 
Polypharmacy is a common clinical challenge that must be reviewed and evaluated 
at each clinical encounter, as many  medications, especially when taken improperly, 
increase one’s risk for falling [ 4 ,  7 ,  9 ,  24 ]. Spending time to review medications can 
help ensure that patients are taking the correct medications, at the correct doses, and 
all unnecessary medications are deprescribed appropriately, in order to maximize 
benefi t and minimize potential harm [ 4 ,  9 ]. Limiting the number and frequency of 
medications, educating patients about their medications, and organizing the medica-
tions for patients, such as in blister packs or dosette boxes, can help improve adher-
ence and possibly decrease the risk for medication-related falls [ 7 ]. Details will 
follow in subsequent chapters in this book. 

 In summary, the global population is aging; projections suggest that the number 
of older adults will increase twofold by 2050 and threefold by 2100. Falls are a com-
mon health concern among older adults and have a signifi cant impact on both the 
individual and the health-care system. A proactive approach to fall prevention needs 
to be implemented, as reactionary approaches have been shown to be more costly. 
Designing interventions that work at the individual, environmental, social, and gov-
ernmental levels will ensure many different risk factors are targeted and outcomes 
are optimized. We invite the readers to explore the contents of this book in order to 
understand the opportunities that exist for improving this signifi cant health-care 
problem.    
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    Chapter 3   
 Falls Count and Counting Falls: Making Sense 
of Data About Falls                     

     Nancy     E.     Mayo       and     Sabrina     M.     Figueiredo     

    Abstract     It is often challenging to make sense of research reports on falls. The 
choice of statistical method depends on whether the outcome is binary (faller: 
yes/no), a rate (falls per person-time in view), ordinal (number of falls per per-
son) or time to fall (first). The most useful methods for analysing falls are those 
that estimate parameters as they provide an estimated value for risk associated 
with different levels of a factor or intervention. Less useful are statistics that 
simply provide a yes/no answer as to whether the factor or intervention affects 
risk (hypothesis testing). As falls are negative events, when parameters such as 
odds ratios (OR), incidence rate ratios (IRR), hazard ratios (HR), proportional 
odds ratios (POR) or cumulative odds ratios (COR) are greater than 1.0, they 
indicate that the factor is associated with a higher risk of falls; when <1.0, the 
factor or the intervention is associated with a lower risk of falls. All of these 
statistical parameters can be used to identify risk factors for falls or to evaluate 
effective interventions.  

        N.  E.   Mayo ,  BSc(PT), MSc, PhD      (*) 
  Center for Outcomes Research and Evaluation ,  McGill University Health Centre - 
Research Institute ,   Montreal ,  QC ,  Canada    

  Faculty of Medicine, Division of Clinical Epidemiology ,  McGill University , 
  Montreal ,  QC ,  Canada    

  Faculty of Medicine ,  School of Physical and Occupational Therapy, McGill University , 
  Montreal ,  QC ,  Canada   
 e-mail: nancy.mayo@mcgill.ca   

    S.  M.   Figueiredo ,  BSc(PT), MSc      
  Division of Clinical Epidemiology ,  McGill University ,   Montreal ,  QC ,  Canada    

  Faculty of Medicine ,  School of Physical and Occupational Therapy, McGill University , 
  Montreal ,  QC ,  Canada   
 e-mail: sabrina.fi gueiredo@mcgill.ca  

mailto:nancy.mayo@mcgill.ca
mailto:sabrina.figueiredo@mcgill.ca


14

   Abbreviations 

  AR    Attributable risk   
  CI    Confi dence interval   
  COR    Cumulative odds ratios   
  df    Degree of freedom   
  FRIDs    Fall risk-increasing drugs   
  GEE    Generalised estimating equations   
  HR    Hazard ratio   
  IRR    Incidence rate ratio   
  IR    Incidence rate   
  NNH    Number needed to harm   
  NNT    Number needed to treat   
  OBD    Occupied bed days   
  OR    Odds ratio   
  PAR    Population attributable risk   
  POR    Proportional odds ratios   
  RCT    Randomised controlled trial   
  RR    Rate ratio   
  SD    Standard deviation   
  VIP    Very important point   

3.1         Falls Are an Important Health Concern 

 Falls are the leading cause of injury amongst seniors across Canada [ 1 ] resulting in 
disability, chronic pain, loss of independence, reduced quality of life and even death 
[ 2 – 5 ]. In 2012–2013, Canadian seniors experienced almost 85,000 fall-related hos-
pitalizations; of those, 39 % involved a hip fracture and 8 % resulted in an in- hospital 
death [ 6 ]. 

 In addition to physical disabilities, falls also lead to psychosocial consequences. 
Falls may result in fear of falling, which opens a vicious cycle of reduced confi -
dence, reduced mobility and social participation, weakness and deconditioning, 
which then culminate with recurrent falls [ 7 ,  8 ]. 

 Going beyond patients’ perspective, falls also represent a fi nancial burden to the 
health-care system [ 6 ]. According to the Public Health Agency of Canada [ 1 ], more 
than $2 billion is spent each year with fall-related expenses in the senior popula-
tion. For instance, on average, patients admitted with a fall-related hospitalisation 
stayed 6 days longer than all other hospitalizations and 29 % of nonresidential care 
patients were transferred to residential care after a fall-related hospitalisation [ 9 ]. 

 These physical, mental and economic implications are even more alarming due 
to the fact that the number of falls is expected to increase as seniors are the fastest- 
growing segment of the population [ 9 ,  10 ].  
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3.2     What Is a Fall? 

 It seems strange to have to defi ne a fall but, as truth can be stranger than fi ction, 
there are a number of ways that people end up on the ground. Clarity on defi nition 
is needed for purposes of clinical safety and research. Having studied falls on and 
off over several decades, what I fi nd missing from these rather dry defi nitions is why 
the person has fallen. In my experience falls can be classifi ed as fi t falls, fl uke falls 
or frail falls. 

  Fit falls  are those that occur amongst skiers, skaters, bike riders, hikers and 
climbers, for example. Some of these fi t people can be elderly, and the fall can be a 
tipping point against their continued thriving [ 11 – 14 ].  Fluke falls  are those that 
occur in unusual circumstances such as tripping over the cat or when the dog wraps 
the leash around the legs; holes in the ground do not help, nor does inclement 
weather, snow banks or small children with or without scattered toys. While these 
kinds of falls pose a public health concern, they may not have been preventable 
except by heightened vigilance on the part of the ‘fallee’ when they are in these 
unusual circumstances. What is of clinical concern are frail falls.  Frail falls  occur 
amongst people who are challenged to maintain physical function against gravity, 
and, hence, even small perturbations can result in a fall. These falls are serious as 
they may herald further clinical deterioration, or they are the straw that breaks the 
camel’s back and result in injury, hospitalisation and even death [ 15 ]. 

 The aim is to prevent any of these falls by identifying risk factors and intervene 
to reduce risk. The risk factors for frail falls are likely quite different from risk fac-
tors for fi t and fl uke falls and, if all falls are grouped together, it may be very diffi -
cult to identify common risks. While it is likely that fi t falls will be excluded from a 
fall study, many studies will not be able to discriminate between fl uke and frail falls. 
These indeed may share common risk as a robust person may be able to avoid the 
cat and a frail person may not, but the real answer may never be known. 

 The World Health Organization defi nes a fall as ‘an event which results in a per-
son coming to rest inadvertently on the ground or fl oor or other lower level’ [ 16 ]. 
Currie [ 17 ] defi nes a fall for a non-hospitalised geriatric population as ‘an event 
which results in a person coming to rest unintentionally on the ground or lower 
level, not as a result of a major intrinsic event (such as a stroke) or overwhelming 
hazard’. This latter defi nition would be compatible with a frail fall and likely cover 
some fl uke falls considering that the hypothetical cat may not be classifi ed as an 
overwhelming hazard, although some might. 

 In a systematic review of defi nitions and methods used to measure falls in ran-
domised controlled trials [ 18 ], the wording used to describe falls represented an 
external perspective: ‘involuntary’, ‘unintentional’, ‘unexpected’, ‘inadvertent’, 
‘unplanned’ or ‘sudden’. Some defi nitions included the concept of a ‘near’ fall 
when someone may have tripped, slipped or stumbled but not fallen. 

 Having decided upon what type of fall is to be studied, it is often challenging to 
make sense of research reports on falls. The next sections will attempt to explain 
some of the typical ways that falls data are reported and analysed.  

3 Falls Count and Counting Falls: Making Sense of Data About Falls
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3.3     Statistical Methods Depend on the Type of Data 
Collected 

 Data are of two types: measured and counted. Many important health indicators or 
health outcomes are measured: blood pressure, weight, grip strength and walking 
capacity, to name a few relevant for the older population. When data are measured, 
the expectation is that, if a large number of people are measured, the distribution 
will be close to a normal distribution with few people at the extremes and the major-
ity in the middle. With this distribution, the average value, along with a measure of 
how spread out the data are (standard deviation or SD), provide a good description 
of the distribution. When the data have this normal distribution, the mean and SD 
can be used to fi nd out quite a lot about the sample. In particular, 68 % of the sample 
will fall within 1 SD on either side of the mean (±1 SD), 95 % will fall within 2 SD 
and 99 % within 3; effectively the range of values will lie within (±4 SD). 

 This type of data can be compared between groups or over time using parametric 
statistics such as a  t -test or linear regression. The choice of statistical test will 
depend of course also on the ‘exposure’ or the variables under study that are hypoth-
esised to explain variability in the measured data. A special feature of measured 
data is that the measurement scale is continuous indicating that the quantity being 
measured can take any value, depending on the precision of the measuring device. 
For example, weight can be measured in milligrams, grams or kilograms. In Great 
Britain, Australia and Ireland, weight is commonly measured in stone which is a 
unit weighing 14 lb based on an ancient and not very precise unit of weight, a rock 
weighing 14 lb, hence the name.  

3.4     Falls Are Not Measured, They Are Counted: Hence, 
Falls Count 

 The other type of data arises from counting events that happen to people or counting 
the number of people that can be classifi ed into different ‘bins’, such as by sex, age 
group, living arrangement or any other type of ‘bin’ that is relevant to the situation 
under study. 

 Falls are counted, they are not measured and, hence, it would not be appropriate 
to calculate an average number of falls in a group. This is because the mean will not 
represent the data well. The mean represents data that are normally distributed. 
With falls, it would not be true that few people have few or many falls and most have 
a middle number of falls. The vast majority will actually have 0 falls, the next larg-
est group would have 1 fall and a small proportion would have 2 and very few 3 or 
more. For example, in an Australian [ 19 ] study of 704 community-dwelling people 
aged 65 years and older who reported on fall frequency in the previous 12 months, 
66 % did not fall and 20 % fell once and 14 % fell twice or more. With this type of 
distribution, an average number of falls per person does not make sense as, amongst 
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the 704 people, 246 falls occurred yielding an average of 0.34 per person. The cal-
culated average does not apply to anyone, nor would the SD be a useful parameter 
to describe the distribution because it is based on an average deviation around a 
mean; if the mean is meaningless, so is the SD. 

  Above, we counted the number of falls per person but this is only one kind of fall 
metric. Fall metrics are usually of four types: (1) falls, implying that people could 
fall more than once; (2) fallers meaning that once someone has fallen even one time, 
they are considered a faller; (3) rate of falls defi ned over a specifi ed time period; and 
(4) time to fall, implying the time from some known starting point to the fi rst fall 
episode. The statistical issues around using these different fall metrics will be illus-
trated as we work through different examples. 

 To choose the best way to analyse data collected on falls, it is necessary to con-
sider what the investigator or observer wants to know. In other words: What is the 
research question [ 20 ]? Another important determinant of the choice of statistical 
methods is whether the investigator wishes to estimate a parameter, usually about 
the magnitude of risk across different groups, or simply wishes to fi nd out if any 
observed differences could have occurred by chance. Thus, analyses are of two 
types, parameter estimation methods and hypothesis-testing methods. I leave you 
with the quote from Lord Kelvin to help the reader choose which method might 
provide more useful information:

  “When you can measure what you are speaking about and express it in numbers, you know 
something about it. When you cannot express it in numbers, your knowledge is of a meagre 
and unsatisfactory kind.” Therefore, “To measure is to know” and “If you cannot measure 
it, you cannot improve it.” 

   As falls are counted, it is most usual to use a statistical method that estimates the 
magnitude of risk, either in relative or absolute terms, associated with a factor or an 
intervention. The choice of statistical method depends on whether the outcome is 
binary (faller: yes/no), a rate (falls per person-time in view), ordinal (number of falls 
per person), or time to fall (fi rst). Different models are used for each of these differ-
ent fall metric outcomes and different parameters are estimated. However, they all 
relate to the risk for one group relative to the risk in a reference group. Parameters 
are expressed as point estimates and confi dence intervals (CI) indicating the degree 
of confi dence one can have about the fi nding in different samples. A 95 % CI that 
excludes 1.0 means that the factor or intervention either increases the risk (putative 
factor) or decreases it (protective); if the CI includes the null value of 1.0, there is 
no evidence that the factor acts one way of the other. The CI is interpreted in the 
context of repeated samples such that if the study was repeated over and over, say, 

    VIP 
 Falls cannot be measured they can only be counted. A person cannot have 
one-third of a fall indicating that falls are discrete quantities with fi xed values 
such as 0, 1, 2 or 3, and the mean is meaningless. 
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100 times, 95 % of the estimates from these samples would lie within the 95 % CI 
and only very rarely (total 5 %) would an estimate be below or above the 
boundaries. 

 The different statistical ways of dealing with falls data will be discussed in the 
context of particular questions that can be asked about falls.  

3.5     What Kinds of Questions Can Be Asked About Falls? 

3.5.1     How Many People Fall? 

 This is a question that will provide local knowledge. The assumption is that the 
population is stable and that more than one fall would be rare. It would be of value 
to know the number of people falling in different places, at different times of the day 
or days of the week, information that would be useful for considering environmental 
interventions. 

 Consider the time of day that people fall. This is of interest for ensuring appropri-
ate services are in place at peak fall times, if the setting, for example, is an institution. 
If we divide the day up into 3 h periods, any 1 day has eight of these periods. If there 
is no effect of time of day on falls, then the expected proportion of falls would be the 
same for each time period (12.5 %: 100 %/8). To answer the questions as to whether 
there are more falls at certain times of the day, the observed number of falls is com-
pared to the expected number and a chi-square test would be used to test the hypoth-
esis that the observed distribution by time of day differs from the expected number. 
The only issue to be careful of here is in the number of degrees of freedom (df) 
which, in this situation, is 7 (categories-1). It is tempting to look at the data and see 
a lot of falls at one time point and then decide to test whether there are more falls then 
than other times and consider only 1 df. A degree of freedom in a table, with counts 
distributed into cells defi ned by rows (r) and columns (c), is the number of indepen-
dent pieces of information as defi ned by (r-1)(c-1). With eight time periods there are 
7 df. In a study of falls in a rehabilitation centre [ 21 ], the distribution across time 
periods differed signifi cantly from uniform (12.5 %) and the chi-square test with 7 df 
was 34.2 ( p  < 0.05). The two time periods that stood out with a higher than expected 
proportion of falls were 9 to noon (19.9 %) and noon to 3 pm (23.3 %) [ 21 ]. This is 
not surprising given that this is when people are up and about.  

3.5.2     Are Falls Getting More Common or Rarer? 

 Answering this question can be quite challenging because the population of interest 
may change over time as people move in and out of the cohort. This can happen if 
people are hospitalised, institutionalised, die or move away; of course new people can 
move into the population as well. Thus, the size of the population at each time point 
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of interest needs to be known and how long each person has been ‘in view’ to have had 
a fall. The analysis needs to consider that each person has a unique ‘footprint’ on the 
data. Some people may be ‘in view’ for the whole time and others for less time of 
varying durations. If one of the reasons for short time in view are variables under 
study or because someone had a fall and was hospitalised, then ignoring the time in 
view will result in incorrect inferences about what has happened over time. 

 Consider the situation in Fig.  3.1 .
   In Time 1, ten people were included and four were in view for 12 months, three 

for 6 months and then exited because of illness, one was in view for 6 months but 
entered the cohort late and two were in view for only 1 month as they changed 
residences. Four falls were observed amongst three people in view for the entire 
12-month period (one person fell twice). The cumulative incidence rate of falls is 
4/10. The total number of person-months in view is 74 and so the incidence rate 
(IR) of falls is 4/74 or 0.054, commonly expressed per 100 person-months, so 5.4 
per 100 p-m. 

 At Time 2, four falls were also observed but they were serious and resulted in 
hospitalisation without return to the residence. So although the cumulative inci-
dence rate of falls is still 4/10, the IR is 4/47 yielding a rate of 8.5 per 100 p-m, a 
rate close to double that of Time 1. Without considering person-time in view, the 
rates of falls look that same at these two time points when in fact the rate was higher 
in Time 2 owing to an increase in fall severity. One should not be surprised that the 
IR is higher because the person-time-in-view is much less at Time 2. 

 A classic method of fall prevention is implement a programme targeting falls 
and study the effects before and after the programme has been put in place. The 

Dynamic Cohort

Time 1 (Person-months = 74)

1. __________X___________12

2. __________X___________12

3. __________X______X____12

4. ______________________12

5. ____________6

6. ____________6

7. ____________6

8. ____________6

9. __1

10. __1

Cumulative Incidence = 4/10
Fall rate  = 4/74 = 0.054 per p-m

Time 2 (Person-months = 47)

1. ___X2

2. ___X2

3. ___________X____________12

4. ___________X6

5. ___________6

6. _______________8

7. _______________8

8. ______3

9. __1

10. __1

Cumulative Incidence = 4/10
Fall rate = 4/47 = 0.085 p-m

  Fig. 3.1    Shows the fall experience of fi ctitious residents in an assisted living residence over a 
1-year period for two time periods, Time 1 and Time 2       
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correct analysis of data arising from such a study is to consider the person-time-
in-view for both time periods. 

3.5.3       What Are the Risk Factors for Falls? 

 There is a very substantial literature on risk factors for falls. The most important 
consideration when looking at this literature is that for a factor to be declared a 
‘risk factor’, very specifi c methodological criteria need to have been met. Risk fac-
tors are identifi ed using observational studies – either cohort or case-control stud-
ies – and these types of studies can have a number of biases that can affect the 
fi ndings. To aid in the reporting on these kinds of studies, to clarify that all sources 
of bias have been addressed, recommendations summarised under the title 
‘Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE)’ have been developed. These recommendations are also useful for 
readers of this literature as they provide explanation of methods and biases that are 
beyond the scope of this chapter [ 22 ]. 

 Two key points are worth underlining for this chapter. First, for a factor to be 
declared a ‘risk factor’, the population ‘at risk’ needs to be defi ned, appropriately 
sampled and followed in its entirety over a defi ned period of time. Risk factors 
apply to populations, although specifi c subgroups may have a greater or lesser risk. 
Thus, risk factor studies are population based and with as complete follow-up as 
possible; when there are losses, reasons are not related to the presence or absence of 
the risk factor understudy (termed independent censoring assumptions). Without 
complete follow-up, the study can only conclude about that subgroup who ‘sur-
vived’ the study. 

 Second, ‘risk factors’ are important to identify because if they are causally asso-
ciated with the outcome, here falls, interventions targeting the risk factors would 
likely reduce this risk. In order for a factor to be considered a ‘cause’, a number of 
pieces of evidence need to accumulate. These were fi rst suggested by Sir Bradford 
Hill [ 23 ] and are summarised in Table  3.1 .

   Causes can be further classifi ed as necessary and/or suffi cient [ 25 ]. A cause is 
deemed necessary if this factor always precedes the effect, or, in other words, if 
without this factor the outcome will not occur. A cause is suffi cient if, inevitably, the 
outcome will occur with this factor present [ 26 ]. Outside of infectious disease, and 
falls are no exception, there are very few examples of necessary and suffi cient 
causes; rather we recognise component causes which collectively act to cause an 
effect [ 27 ]. 

 VIP 
 Are falls getting rarer or more common? To answer this question, the person- 
time in view needs to be considered and the parameter of interest is the inci-
dence rate ratio (IRR). 
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  The component causes of falls are usually studied by creating a statistical model 
that includes several factors, with the aim of identifying independent factors for 
falls. Table  3.2  from the paper by Cesari et al. [ 28 ] presents a study of over 5500 
people who were assessed at the time of entry into a home-care programme and fol-
lowed for 90 days from assessment. In this paper, the authors identify that age, sex, 
cognition and limitations in activities of daily living were not causal factors but 
rather confounders, factors associated with both causal factors understudy and the 
outcome of ‘faller’ (binary variable). The model used was logistic regression which 
is described in Box  3.1  (a summary guide of statistical models). Amongst the poten-
tial causal factors, those independently associated with an increased risk of being 
classifi ed as a ‘faller’, were foot problems, gait problems, wandering, depression 
and presence of environmental hazards. As evidence, odds ratios (OR) and 95 % CIs 
were presented. All these fi ndings were further explored in their paper.

     Table 3.1    Bradford Hill’s criteria for causality as applied to falls   

 Strength of the 
association 

 Relative risks >2.0 are less likely to be explained by unmeasured 
confounding variables 

 Dose-response 
gradient 

 Risk of falls increases with increasing levels of the risk factor. This was 
shown in the paper by Mayo et al. on the relationship between response 
time and falls [ 24 ] 

 Temporality  The development of the risk factor precedes the occurrence of the event; 
for example, fear of falling is often implicated as a risk factor for falls, but 
it is imperative that the fear of falling preceded the fall and was not a 
consequence of the fall 

 Consistency  An association has been observed by different persons in different places, 
at different times and under different circumstances 

 Biological 
plausibility 

 There is a reasonable biologic mechanism whereby the risk factor could 
cause the disease (of course, this is dependent on the knowledge of the 
day) 

 Coherence of the 
evidence 

 There is no confl ict with what is generally known about falls from an 
epidemiologic and clinical perspective 

 Specifi city  The association is specifi c to falls 
 Analogy  When there is an analogous situation with other similar risk factors, the 

balance of the evidence would not need to be so strong (e.g. if one 
medication has an association with falls, then similar drugs would be 
suspect 

 Experiment  Direct or indirect manipulation of the risk factor changes the rate of falls 
in the population 

 VIP 
 All research on risk factors for falls aims to link a factor to the occurrence of 
falls, and the hypothesis is that the factor is causally associated. To infer cau-
sality, the factor must be shown to precede the fall and not be a consequence 
of falls; factors that are strongly associated are more likely causal as are fac-
tors that show a dose-response relationship. 
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   When such a model is presented, the interpretation of each factor is the effect of 
that factor ‘adjusted for all other factors’. Statistically, this is done by assigning 
people the average value for other factors and then estimating the risk of each fac-
tor. Sometimes, such a complex model can be diffi cult to interpret, particularly if 
related variables are included. For example, in this paper from Cesari et al., both 
foot problems and gait problems were included, each ‘adjusted’ for each other. As 
these variables are related (most foot problems will produce a gait problem, but not 
all gait problems are caused by foot problems), both are competing to explain the 
same risk. Here the OR for foot problems is interpreted as that risk over and above 
the risk for gait problem. The implication is that interventions for both gait and foot 
problems are needed. To appreciate the extent to which these risk factors act syn-
ergistically, the authors presented Fig.  3.2 , for the risk factors gait problems and 
wandering.

   To interpret this fi gure, it is important to note that people with no wandering 
problems and no gait problems are the reference group as indicated by an OR of 1. 
The group with only wandering problems, but no gait problems, have an increased 
risk (OR: 1.34), but this increase is not statistically different as the 95 % CI includes 
the null value of 1, so their risk is likely similar to the group with neither problem. 
However, having gait problems does infer higher risk (OR: 2.25; 95 % CI: 1.99–
2.54), but there is an unexpectedly higher risk when both risk factors are present 
(OR: 6.16; 95 % CI: 4.50–8.43). With two factors, the risk would be expected to be 
close to the sum or the multiplication of the two risks: 1.34 + 2.25 (3.59) or 1.34*2.25 
(3.02); the observation that the risk associated with having both of these putative 
factors is >6 indicates that they act synergistically and that having both infers extra 
risk. This effect of the two factors combined is determined by fi tting an interaction 
term in the regression model: Outcome (falls) = Gait problems + Wandering + 
Gait*Wandering. 

    Table 3.2    Adjusted model for risk of falling in the study population from Cesari et al. [ 28 ]   

 Adjusted model 

 Characteristic  OR  95 % CI 

 Age (years)  1.01  1.00–1.02 
 Gender (female)  1.01  0.90–1.14 
 Activities of daily living impairment  1.06  1.04–1.09 
 Foot problems  1.19  1.04–1.37 
 Gait problems  2.13  1.81–2.51 
 Fear of falling  0.97  0.83–1.13 
 Visual impairment  0.98  0.87–1.11 
 Wandering  2.38  1.81–3.12 
 Depression  1.53  1.36–1.73 
 Urinary incontinence  1.06  0.93–1.20 
 Parkinsonism  0.93  0.74–1.17 
 Environmental hazards  1.51  1.34–1.69 

  Source: Reproduced with permission from Cesari et al. [ 28 ] 
  OR  odds ratio,  CI  confi dence interval  
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  Sometimes the association between risk factors and falls is presented in such a way 
that fallers and non-fallers are compared on levels of the risk factors. Instead of the 
model being as above [outcome (falls) =risk factor level], the model has been reversed 
[risk factor level = falls]. Table  3.1  in the Cesari paper did just this and found that the 
mean impairment on activities of daily living was higher for people who became fall-
ers (4.81 ± 0.05) than those who remained fall-free (2.15 ± 0.03). This difference in 
means was tested using a  t -test. This approach is used likely because of the perception 
that it is easier to compare two groups using simple t-tests or chi-square tests. 

 VIP 
 Two factors may interact such that when both are present, the risk is much 
greater than would be expected by summing or multiplying the separate risks. 
Each one increases twofold, but both increase eightfold; this is interaction. 
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  Fig. 3.2    Risk factors acting synergistically from Cesari et al. (Reproduced with permission from 
Cesari et al. [ 28 ]       

 VIP 
 Beware when a paper compares fallers and non-fallers on level of risk. As the 
falls occurred in the future and the risk factor was measured in the past, this 
approach asks the question: Can the future predict the past? Always think of 
the causal model and hope that the statistical model matches the causal model. 
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  The paper from Cesari et al. [ 28 ] illustrates the use of logistic regression because 
the outcome was binary. Another form of logistic regression can be applied when 
the outcome considers how often a person falls, 0, 1, 2, 3 times etc. Ordinal regres-
sion models are of two types, the proportional odds model or the cumulative odds 
model. In a study of risk factors for falls amongst 473 people with multiple sclerosis 
[ 29 ], the distribution of 0, 1 or ≥2 falls was 42 %, 13 % and 45 %. A number of 
health- related factors were associated with more falls, no matter how more falls is 
defi ned, using the proportional odds model: 1 vs. 0; ≥2 vs. 0 or 1. 

 A common feature of falls data is that, while the majority will not fall, the range 
of fall frequency can be very large with some people falling a very large number of 
times. Often, this wide range with few people is dealt with by creating a ≥ n  category 
as in the Cesari paper. The people in this category can be quite heterogeneous invali-
dating the predictive model such as the Poisson model (see Box  3.1 . Summary of 
Statistical Models Commonly Used for Estimating Impact of Factors or Interventions 
on Different Fall Metrics, in the Lessons Learned section) or ordinal model. 

 When risk factors are medications, a common way of considering risk is to measure 
the time to fall from the date of fi rst prescription. Medications are one of the few risks 
that can be studied using this metric because there is an identifi able ‘0’ time for all. The 
model for time to data is Cox proportional hazards [ 30 ]. Let us examine what these 
terms mean. Cox refers to Sir David Cox, a British statistician (July 15, 1924–). The 
hazard is the instantaneous risk of falling at time  t  1 , given the person has not fallen prior 
to time  t  1 . It is not a probability but an indicator of the risk of experiencing the fall; the 
higher the value of the hazard, the higher is the risk of falling. When two groups are 
compared, a ratio of the two hazards is estimated, the hazard ratio (HR). Proportional 
means that the risk of falling is higher in one group than the other by a consistent 
amount over time, that is, one group does not have a higher risk early on and then end 
up with a lower risk later on. This is a key assumption that needs to be tested if this 
model is to be used. If the hazard is not proportional, a solution is to stratify the time 
into chunks where the risks are proportional. Hazard ratios (HRs) are formed as a ratio 
of the two hazards (one for each group) and can be interpreted as a relative risk although 
relative risks refl ect the cumulative risk over time at a defi ned end point. Hazard ratios 
evaluate the impact of an intervention throughout the whole study period. 

 The Cox model is one of several ‘survival’ models [ 31 ], all of which are con-
cerned with time to fall. Survival is modelled as the conditional probability of 
‘surviving’ – not falling – up to a particular time, conditional on the probability of 
being alive in a previous time period. The survival function is estimated using the 
Kaplan- Meier method and tested using the log-rank test. However, if there is a 
need to adjust for confounding variables, the Cox model needs to be used which 
models the ‘hazard’. 

 An excellent example of using the Cox model to estimate risk of fall-related 
injury associated with opioid use was published by Buckeridge et al. [ 32 ]. This was 
a very large study because the sample was drawn from health administrative data on 
persons over the age of 65 years of age in the Province of Quebec, Canada. From 
these data, it was possible to identify the start and dates for prescriptions of an opi-
oid, establishing a zero time. Amongst the 403,339 older adults studied, about 15 % 
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had been prescribed an opioid of different potencies, and 3.7 % had a fall-related 
injury in the ensuing year. In comparison to those not prescribed an opioid (although 
they could have been prescribed other types of drugs), the HR associated with a 
high-potency opioid was 1.43 (95 % CI: 1.05–1.95); the highest risk (OR: 2.30; 
95 % CI: 2.23–2.36) was associated with a codeine combination drug. All HRs were 
adjusted for a number of variables thought to be associated with both getting an 
opioid and having a fall-related injury. As the sample was very large, even this very 
small event rate, 3.7 %, yielded a very large number of events making the estimates 
from the Cox model very precise. 

 All of the studies described above took the approach of identifying people with 
different levels of a risk factor and following them forward. This type of study is 
called a cohort study. With rare events, a large number of people have to be followed 
to have suffi cient events for analysis. Another way of identifying risk factors for 
falls is to sample the other way, by fall status. People who fell are defi ned as cases, 
and controls, who match the cases on personal characteristics, are randomly chosen 
from the pool of people who did not fall. Risk factors are identifi ed for the cases and 
controls from prior history or circumstances. This is termed a case-control study 
[ 33 ,  34 ] and, all things being equal, yields the same estimates of risk as the cohort 
study approach; all things equal are accurate information from past history, records 
or recall. Mayo et al. [ 35 ] carried out a case-control study of risk factors for falls in 
a rehabilitation hospital by establishing an admission-to-discharge cohort and iden-
tifying the fi rst fall amongst the people in this cohort. Each person who fell for the 
fi rst time since admission was defi ned as the case and one control, matched on age 
and sex and who had been admitted at the same time as the case (to control for time 
of exposure to falling in the hospital) was selected. As there were data for many 
days of hospitalisation, the data collection focused on three periods, admission, 7 
days before the fall and 24 h before the fall. Cases and controls were compared on 
variables during those time periods. As there were over 1800 people admitted dur-
ing the 2-year study period and only 356 cases, collecting data on only 356 controls 
is very effi cient. 

 As the control selection is conditional on the characteristics of the case, a form 
of logistic regression for matched data was used, conditional logistic regression. 
Table  3.3  reproduces data from this study. Four risk factors were identifi ed: one 
from variables present at admission (stroke), one from variables present in the week 
prior to the time the case fell and two from the 24-h period prio r .

   All of these studies report a parameter that is closely related to relative risk. 
However, high relative risks can occur with very rare exposures and as a result the 
absolute number of people at risk to fall can be very small. It is recommended that 
when reporting on relative risk, the absolute risk should also be reported; in the 
Buckeridge study [ 32 ], 3.7 % of people fell in the 1 year of follow-up. The highest 
HR was associated with codeine combination drugs, 2.27, making the absolute risk 
increase from 3.7 % to 8.4 %. 

 In evidence-based medicine, another parameter of interest is number needed to 
treat (NNT), which is defi ned as the number of people that need to be treated with 
an intervention to prevent one adverse health event [ 36 ]. In the context of the 
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Buckeridge study on falls [ 32 ], the use of a treatment for pain had a negative effect 
and hence the number needed to harm (NNH) is the parameter of interest. NNT or 
NNH is calculated as 1/risk difference which is 1/0.084−0.037 which yields 21. 
Thus, for every 21 people treated with codeine combination drugs, 1 will have a 
fall-related injury. 

 Another piece of the puzzle of how to understand the magnitude of the risk asso-
ciated with a factor of interest. A key parameter is the population attributable risk 
(PAR) which is a function of relative risk and how common the risk factor is. PAR 
was estimated using the equation P(HR-1)/1+[P(HR-1)] [ 27 ] where P is the preva-
lence of exposure, which for codeine combinations is 9.3 %, and the HR is the 
approximation to the RR. Using this formula, 10 % of all fall-related injuries could 
be attributed to codeine combination drugs: 0.093(2.27−1)/1 + [0.093(2.27−1)]. 

 The consideration of risk has many features: the relative risk which can be 
expressed as RR, OR or HR, the absolute risk; the number who need to be 
exposed to the putative risk factor for one person to be harmed (NNH); and the 
proportion of the outcome in the population attributed to the risk factor (PAR). 
All of these parameters are helpful in considering risk and should be reported in 
papers of risk factors in order for the study to be informative to everyone con-
cerned with these risks. 

   Table 3.3    Factors associated with falls in a rehabilitation hospital from Mayo et al. [ 35 ]   

 Variable  Cases ( n  = 356)  Control ( n  = 356)  Adjusted a  OR (95 % CI) 

  Stroke at admission  
 Yes  124  50  3.99 (2.47–6.45) 
 No  232  306  1 
  Incontinence week prior to fall date of case  
 Ever  137  56  2.80 (1.88–4.16) 
 Never  219  300 
  Anticonvulsants 24 h prior to fall date of case  
 Yes  36  19  2.98 (1.50–5.94) 
 No  320  337 
  Topical eye preparations 24 h prior to fall date of case  
 Yes  33  17  3.39 (1.62–7.10) 
 No  323  339 

  Source: Reproduced with permission from Mayo et al.  35  
  a Adjusted for all other risk factors listed  

 VIP 
 The importance of a risk factor is expressed both in relative and absolute risk. 
A high relative risk (RR) for a factor that is very rare would not be responsible 
for very many falls; a risk factor that is very common can be a very important 
contributor even if, relative to the absence of the factor, it is not very much 
higher. 
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3.5.4       Did Intervention Reduce Falls? 

 When it is important to know if people improve over time, it is easier to consider 
improvement on a measured variable. Consider improvement on walking capacity; 
values at Time 1 are compared to values at Time 2. It is quite obvious that the data 
are not independent, but paired, and thus, a paired  t -test or other repeated measures 
analysis would be appropriate. The situation is the same when the data are counts, 
but how often would the research question relate to whether person falls less often 
over time? This question is not answerable because many events may have hap-
pened to the person pre- to post-intervention to change their fall risk so that, in the 
absence of a crystal ball to foresee how often someone would have fallen had they 
not had the intervention, no within person comparison can be made. This type of 
very important question can be answered, and there are several study designs and 
statistical methods that can be called upon as tools to help out. 

3.6        The Case of the Pre-/Post-implementation Study 

 Many institutional settings implement fall prevention programmes as part of quality 
improvement, and they wish to evaluate whether implementing the programme was 
successful in reducing falls. Such a study was conducted in the United Kingdom 
(UK) by Healey et al., published in 2014 [ 37 ], to deal with the serious issue of falls 
in hospitals. The FallSafe programme was implemented in 16 inpatient care settings 
in the South of England. They presented data (see Table  3.1  in their paper) that 
indeed things had changed for the better over time with respect to implementing 
safety procedures, and, hence, the authors wished to know if implementing this 
programme changed the rate of falls over time. Four 6-month time frames were of 
interest: baseline, introduction period, implementation period and sustainability. To 
answer this question, the authors counted the number of person-days in view (termed 
occupied bed days or OBD) for each month over these four time periods and counted 
the number of falls and calculated a rate of falls for each month. They did this for 
the 16 FallSafe units and for 16 other units where FallSafe had not been imple-
mented (control settings). This type of design creates a time series and, when 
graphed, the rates can be quite variable from seasonal variation and other environ-
mental factors. To smooth out the data so an overall trend can be seen, a common 
procedure is to calculate a ‘moving’ average which averages adjacent time periods 
with the months included moving. For example, months 1–4 are averaged and then 
2–5, 3–6, 4–7, etc., until all the months have been covered. This smoothing showed 

 VIP 
 Unless you have a crystal ball, you cannot know if the intervention prevented 
falls! 
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that, in the FallSafe settings, after 12 months following the introduction period, 
there was a downward trend in fall rates. No such trend was seen for the control 
settings. 

 To illustrate the challenge in comparing falls rates over time, data from this 
paper have been set out in Table  3.4 . The fi rst thing to note is that there were over 
30,000 occupied bed days (OBD) in each period in the FallSafe and control set-
tings. The number of falls counted in the several hundreds and the rate of falls was 
10.90 per 1000 OBD at baseline in the FallSafe settings and 7.10 per 1000 OBD 
during the sustaining period. For the control settings, the rate of falls was less than 
the FallSafe setting but remained the same over time. To estimate the magnitude of 
change over time, a Poisson regression model was used dividing the four time 
periods into two, pre- and post-implementation. A Poisson model is used for rates 
when the denominator is person-time and is usually very large with respect to the 
numerator, which is an event such as a fall. The events must be independent, that 

   Table 3.4    Data comparing rates of falls per person-time in view across time for clinical settings 
with a fall prevention programme (FallSafe) and without (control) from Healey et al. [37]   

  Pre-implementation    Post-implementation  
  Baseline    Introduction    Implementation    Sustaining  

  FallSafe    Period 1    Period 2    Period 3    Period 4  
 Bed days  33,583  35,822  33,495  32,942 
 N falls  366  430  329  234 
 Rate per 1000 bed 
days 

 10.90  12.00  9.82  7.10 

  Period 1 and 2    Period 3 and 4  
 Bed days  69,405  66,437 
 N falls  796  563 
 Rate per 1000 bed 
days 

 11.47  8.47 

 RR (95 % CI)  Referent  0.75 (0.68–0.84) 
  Control    Period 1    Period 2    Period 3    Period 4  
 Bed days  32,426  33,041  30,274  31,657 
 N falls  265  311  266  232 
 Rate per 1000 bed 
days 

 8.17  9.41  8.79  7.33 

  Period 1 and 2    Period 3 and 4  
 Bed days  65,467  61,931 
 N falls  576  498 
 Rate per 1000 bed 
days 

 8.80  8.04 

 RR (95 % CI)  Referent  0.91 (0.81–1.03) 

   Source: Reproduced with permission from Healey et al. [ 37 ] 
  RR  rate ratio, adjusted  
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is, one person falling will not affect another person falling. The Poisson model 
used here took the form of 

  Y  (log of number of fallers/number of people or person-time) = Time (Post- 
implementation vs. Pre) + Setting (here FallsSafe vs. Control) + Time*Setting.

   The regression parameter for time yields the incidence rate ratio and can be 
calculated directly from the data presented in the study. What cannot be calcu-
lated directly is the 95 % CI because each unit represents a cluster, such that the 
people in the cluster are more similar to each other than to people in other clus-
ters. This is typical of hospital wards which tend to group similar patients 
together. The Poisson model was referred to as a mixed model meaning that the 
setting was considered as a ‘random’ variable but time as ‘fi xed’ and so this 
model has a mix of random and fi xed effects this model has a mix of random and 
fi xed effects. This model adjusts the variance for clustering which is needed as 
otherwise the variance is too small owing to the similarity of patients within 
units. 

 Also tested was the interaction between time and setting denoted by the term, 
Time*Setting. The authors report that the interaction term was ‘signifi cant’, mean-
ing that the effect of setting depended on time, such that with time the fall rates in 
the settings grew apart as was expected owing to the implementation of the FallSafe 
programme. 

 This ‘case’ introduced bed days, rates, moving average, rate ratios, Poisson mod-
els, interaction and mixed effects models. This case also showed again the use of 
95 % confi dence intervals (CI).  

3.7     The Case of the Simple Randomised 
Controlled Trial 

 The simple or classical RCT takes a group of people and randomly assigns them to 
two or more groups to evaluate a deliberate intervention, often an innovation in treat-
ment [ 38 ]. The aim is to provide evidence to support a change in clinical practice. In 
2014, Sherrington [ 39 ] reported on a trial of an intervention to enhance balance and 
mobility and prevent falls in a vulnerable senior population ( n  = 340; mean age 
80 years) who had recently been discharged following aged care, rehabilitation or 
orthopaedic care. Participants in the intervention group were shown an exercise pro-
gramme by a physical therapist and were asked to exercise at home for 15–20 min up 
to six times weekly for 12 months. The control group received usual care and both 
groups were given a booklet on fall prevention. Members of both groups had fallen 
in the past, ~70 %, and randomization was successful in balancing the groups on 
proportion of fallers. A difference between groups at the end of the study on the 
proportion of people falling would be evidence of effectiveness, assuming a short fall 
in the intervention groups, and the interpretation is that the intervention ‘prevented’ 
falls as without the intervention the rate of falls would be that of the control group. 
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 Of the 169 people in the intervention group, 67 % had one or more falls com-
pared with 41 % in the control group, which was the opposite of what was desired. 
Table  3.5  is taken from this paper and illustrates a number of statistical methods. 
First, for the comparison of the proportion of people with one or more falls, Poisson 
regression was used with the numerator the number of falls and the natural loga-
rithm of the group-specifi c population as the denominator.

3.8        The Case of the Complex Clustered Randomised Trial 

 A landmark study on falls prevention was conducted by Tinetti and colleagues and 
reported on in the New England Journal of Medicine in 1994[ 40 ]. A key feature of this 
study is that the subjects ( n  = 301; mean age ~78 years) had one or more risk factors 
for falling including risky medications, health conditions and/or functional limita-
tions, but not all had a history of falls (only about 40 % had fallen in the previous 
year). Two groups were formed by assigning their physicians randomly to two groups 
so half of the sample recieved the intervention which was multifactorial targeting 
personal risk profi le and the other half to recieve usual care. The outcome was whether 
the person fell or not over the 1-year follow-up period. The results which were accu-
mulated over the 1-year follow-up period showed that 35 % of the people in the inter-
vention group fell as compared to 47 % in the usual care group. This was associated 
with an adjusted rate ratio (ratio of the two rates after adjusting for age, sex, number 
of targeted risk factors and falls in the previous year) of 0.69 (95 % CI 0.52, 0.90). 

   Table 3.5    Falls outcomes from Sherrington et al. [ 39 ]   

 Control 
( n  = 169) 

 Intervention 
( n  = 171)  Difference between groups 

  Falls per participant, n (%)  
 0  99(59)  73(43)  1.38 (1.11–1.73),  p  = 0.004 a  
 1  45 (27)  58 (34) 
 2  12 (7)  16 (9) 
 3  4 (2)  13 (8) 
 ≥4  9 (5)  11 (6) 
 All falls (primary outcome)  123  177  1.43 (1.07–19.93),  p  = 0.017 b  
  Fall location  
 Indoors  79  128  1.62 (1.13–2.33),  p  = 0.009 b  
 Outdoors  44  49  1.10 (0.71–1.69),  p  = 0.670 

  Source: © 2014 Sherrington et al. [ 39 ] Open source.   http://journals.plos.org/plosone/article?
id=10.1371/journal.pone.0104412     
  a Relative risk, 95 % confi dence interval and p-value from modifi ed regression model for proportion 
of participants who had one or more falls in the 12-month follow-up period in the intervention 
group compared to the control group 
  b Incidence rate ratio, 95 % confi dence interval and p-value from negative binomial regression 
model comparing the number of falls in the 12-month follow-up period in the intervention group 
compared to the control group  
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 This study would today be classifi ed as a clustered randomised trial although 
in that era, considering the clustering effect in the analysis would have been rare 
[ 41 ]. Pivotal work on the design and analysis of cluster randomised trials has 
been published by A. Donner, a well-known Canadian statistician [ 42 – 44 ]. A 
modern (2008) clustered randomised trial was conducted by Cummings et al. in 
Australia involving 3999 patients in 24 hospital wards (12 acute and 12 rehabili-
tation), elderly care wards randomised to a multifactorial intervention or usual 
care [ 45 ]. The intervention was based on recommendations from the literature 
and consisted of nursing and physical therapy involving prescription and train-
ing of appropriate walking aids and eye wear, modifi cation to bedside environ-
ment, a drug review, exercises to enhance balance and function, practice of safe 
mobility, education and custom-designed alarms for ambulant patients with 
dementia or cognitive impairment. As the people in each ward share certain 
characteristics with each other but not with people from other wards, this inter-
cluster correlation needs to be taken into account in estimating the variability, 
even if in reality the inter-cluster correlation is quite small. In this study, the 
analysis was of falls using negative binomial regression and generalised esti-
mating equations (GEE), a form of regression that adjusts for clustering using 
ward as the clustering variable and group as the variable under study. There was 
no effect of intervention on falls, despite meta-analyses supporting an effect. 
The authors concluded that usual methods to reduce falls in senior wards were 
ineffective, and a more innovate whole system approach is needed targeting 
cognitive impairment, ward and bed redesign, use of hip protectors and height-
ened vigilance. 

3.9       The Case of the Observational or Non-randomised Trial 

 Van der Velde et al. [ 46 ] carried out a very innovative, real-life situation study to 
reduce falls amongst elderly fallers by withdrawing (if possible) ‘fall risk-increas-
ing drugs’ or FRIDs for short. What is unique about this study is that it comprised a 
clinical sample of seniors ( n  = 139; mean age ~78 years) who had fallen one or more 
times in the past year. In addition, many of these people were taking FRIDs, 126 of 
the 139 (91 %) according to Table  3.2  of this paper. The clinical investigators were 
able to withdraw one or more FRIDs in 75 out the 126 patients taking FRIDs 

 VIP 
 When units are randomised such as hospital wards or doctors but the interven-
tion is delivered to the patients, the ‘clustering’ needs to be considered in the 
analysis. The patients in one unit are more similar to each other than they are 
to patients from other units, and this will affect the variance and make the 
effect look more signifi cant than it should be. 
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(remember 13 were not takers). In 67 patients, FRIDs were discontinued and in 8 
the dose was reduced. For the other 64, including 13 non-FRIDs, withdrawal was 
either not possible or was attempted and failed. 

 So there are now two groups, one comprising 75 persons from whom withdrawal 
was carried out and 64 where FRIDs was not an issue ( n  = 13) or not withdrawn 
( n  = 51). Now, these two groups did not differ on age or functional status, but they 
did differ on total drugs, total FRIDs and comorbidity with the withdrawal group, 
not surprising, having more of these putative factors. 

 Over 75 % of the total sample had fallen more than once in the past year, and 
~25 % had one or more falls per month. As a result of this high fall occurrence rate, 
the impact of withdrawal of FRIDs was assessed over the subsequent 2 months 
using time to fi rst fall from withdrawal attempt (same for both groups) as the 
outcome. 

 Most often, when the outcome is a negative health event, like a fall, the hypoth-
esis is that the intervention will reduce the risk and the HR will be less than 1.0. In 
this study, the HR for withdrawing FRIDs is 0.48 with a 95 % confi dence interval 
ranging from 0.23 to 0.99 when fully adjusted for all covariates. This essentially 
means that in any point in time, people who had FRIDs withdrawn were half as 
likely to fall as those remaining on FRIDs. However, the 95 % CI is wide and only 
barely excludes the null value of 1.0. The CI means that if a study such as this was 
repeated many times with different samples, the HRs from these studies would lie 
between 0.23 and 0.99, 19 times out of 20. So rarely would a sample be outside 
these bounds; however, in a proportion of samples, the effect of withdrawing 
FRIDs would not be very dramatic and could be close to null. In designing such a 
study, planning a sample size that would exclude a non-important HR would pro-
vide more confi dence in the fi nding with respect to the effect that might be realised 
when the intervention implemented clinically. This study provides level II evi-
dence for effectiveness of FRIDs withdrawal; level I evidence comes from RCTs. 

 Another novel feature of this study is that they also used a method of adjustment 
called propensity scoring [ 47 ], although they did not elaborate on this useful method-
ology. Propensity scoring calculates a conditional probability of exposure to a treat-
ment, here FRIDs, given specifi c observed covariates, and combines in one score, the 
confounding effect of multiple variables without having to adjust for each variable 
separately. It would be wise to employ such a method in a small study such as this 
including many covariates in the model reduces to power to detect the main effect. 

 In reporting on HR or relative risks, it is important to place the effect in the con-
text of the magnitude of the effect (absolute risk). An HR of 0.5 is not very impres-
sive if the two risks are 0.02 (2 %) and 0.01 (1 %), respectively. In this study, the 
cumulative hazard of a fall was 0.18 for the FRIDs-withdrawal group and 0.37 for 
the group without FRIDs withdrawal, resulting in an absolute risk reduction of 19 % 
and a relative risk reduction of 49 %. This is helpful information to judge the clinical 
relevance of the intervention. 

 Using time-to-event as the outcome is optimal in this situation for reasons that 
might not apply to other types of studies. Here the sample consisted of people who 
commonly fell and hence would be likely to continue to do so even over a short time 
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period, short enough for there not to be many health or life events changing the 
baseline fall risk.  

3.10     The Case of the Stepped Wedge 

 A new methodology is making waves in the context of implementation science and 
that is the stepped-wedge design [ 48 – 50 ]. This design is optimal when the interven-
tion to be tested has evidence for effectiveness and, hence, it would be unethical to 
have a completely untreated control group, and also when there are issues of 
resources and training such that not all participants can enter the intervention at the 
same time. The intervention is implemented sequentially to individuals or clusters 
over a number of time periods, and by the end of the study, all participants will have 
received the intervention. A critical feature is randomization of the order in which 
participants receive the intervention [ 51 ]. Figure  3.3  illustrates this design.

   Hill et al. [ 52 ,  53 ] used this design to test the effectiveness of implementing a fall 
prevention patient education programme with the addition of staff training and feed-
back on rates of falls in eight rehabilitation units in Australia. In this design, the 
units are given the intervention in an order determined by randomization. The out-
come was falls, analysed using negative binomial regression and taking into account 
that people are clustered in units. The variable indicating the effectiveness of the 
intervention was time since the start of the intervention and the unit of time was 5 
periods of 10 weeks as the rehabilitation units were randomised two at a time. The 
hypothesis was that the more weeks of intervention, the lower would be the rate of 
falls. The incidence rate ratio (IRR) associated with step time was 0.95 and the CI 
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excluded the null value of 1.0 (0.92–0.99). Each unit of step time ( n  = 5) was associ-
ated with an estimated reduction of ~5 % such that over the 5 step-time periods, a 
total reduction of ~25 % would be expected (assuming linearity with time). This 
was born out by the raw data which showed a control period rate of falls of 13.78 % 
and an intervention period rate of falls of 7.80 %. 

 As there is much evidence for the effectiveness of fall prevention programmes, 
the future challenge will be in implementing this information so that existing knowl-
edge can be translated in to routine clinical practice. The stepped-wedge design will 
be increasingly deployed in falls research. 

3.11       Lessons Learned 

 This chapter reviewed a lot of statistical material. Several important points were 
covered.  First  ,  falls are counted and not measured, and so statistics such as means 
and standard deviations and t-tests cannot be used to summarise or test hypotheses 
about falls.  Second , it is important to know whether number of fallers or number of 
falls is being counted. If it is the number of falls, then the amount of person-time in 
view needs to be considered because a fall that causes an injury or death could 
shorten the time that the person could fall subsequently. A group that has more 
severe falls would spuriously look like they fall less frequently as the severity of the 
fall removed them from view.  Third  ,  numerous statistical methods can be used to 
analyse data on falls according to a level of a risk factor or an intervention. The 
choice of method will depend on what the research question is, and this will deter-
mine the outcome and its most optimal measurement scale (fall metric). The most 
useful methods for analysing falls are those that estimate parameters (remember 
Lord Kelvin) as they provide an estimated value for risk associated with different 
levels of a factor or intervention. Less useful are statistics that simply provide a yes/
no answer as to whether the factor or intervention affects risk (hypothesis testing). 
Box  3.1  summarises the most common parameter estimation methods applied to 
analysing fall s .  Fourth  ,  it is important to consider if people have an opportunity to 
fall and if this ‘opportunity’ changes over time. The best way to prevent a fall is to 
prevent someone from moving about on their own. As many seniors are sedentary, 
and this increases with ageing or with illness requiring a change in drug manage-
ment, they may have less opportunity to fall as they do move around less. Few fall 
studies consider daily physical activity but technology is available to monitor this in 
real time. This is an opportunity to develop new avenues of fall research. 

 VIP 
 There are a lot of effective interventions to reduce falls. It is time to imple-
ment these in our facilities, seniors’ home and in the community. The stepped- 
wedge design is very good for studying the implementation of effective 
practices. 
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  Box 3.1. Summary of Statistical Models Commonly Used for Estimating Impact 
of Factors or Interventions on Different Fall Metrics                

 Method  Parameter  Particulars 

 Logistic 
regression 

 Odds ratio 
(OR) 

 Outcome is binary; person is a faller or not; estimates the 
relative risk when the proportion of fallers is small (<20 %), 
termed the rare disease assumption 

 Ordinal 
regression 

 Odds ratio 
(OR) 

 Outcome is number of falls a person experienced in the study 
time which is an ordinal (and interval variable); as this 
number is usually not large (0 to <10 per person), this 
outcome could be modelled using a sliding cut-point to 
create different strata and the assumption is the OR is 
homogeneous across strata. Either the cumulative odds 
model (3 vs. 2; 2 vs. 1; 1 vs. 0) or proportional odds model (3 
vs. 2, 1, 0; 2 vs. 1,0; 1 vs. 0) [ 54 ] can be used depending on 
fi t to the data. A challenge with this model is that the 
distribution is often ‘overdispersed’, meaning that the 
variance exceeds the mean usually because people who fall 0 
or 1 time is very large with respect to falling more often 

 Cox proportional 
hazards 

 Hazard ratio 
(HR) 

 Outcome is time to fall and the hazard function is determined 
by the instantaneous risk of falling at a particular time point, 
given that the person has not fallen prior to that time [ 30 ] 

 Poisson 
regression 

 Incidence 
rate ratio 
(IRR) 

 Outcome is a rate, number of falls per unit person-time; 
numerator is very small with respect to denominator. The 
assumption is that a) the recurrent events being counted are 
occurring independently of each other and randomly in time 
and b) the mean and variance are equal [ 26 ] 

 Negative 
binomial 
regression 

 Incidence 
rate ratio 
(IRR) 

 Outcome is number of falls; similar to Poisson model for 
overdispersed data (variance exceeds the mean) [ 55 ] 

        Falling to Conclusions 

 The reader may have noticed that the same statistical methods can be used to iden-
tify risk factors for falls or to test interventions. The choice of statistical method 
depends on the fall metric under study: fallers, rate of falls, number of falls or time 
to fall. These models produce a point estimate along with confi dence bounds that 
indicate if repeated samples were observed, the estimates from these different sam-
ples would most often, 95 times out of 100, lie within these limits. The reader 
should look at the tables presented in the research papers to fi nd these parameters, 
and remember, no matter if they are odds ratios (OR), incidence rate ratios (IRR), 
hazard ratios (HR), proportional odds ratios (POR) or cumulative odds ratios 
(COR), they all can be interpreted as refl ecting relative risk. As falls are negative 
events, when the parameters from these values are greater than 1.0, they indicate 
that the factor is associated with a higher risk of falls; when <1.0, the factor or ide-
ally the intervention is associated with a lower risk of falls. Therefore, to get the 
most out of a research paper on falls, look at the tables and look for the parameters 
discussed here.     
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    Chapter 4   
 Polypharmacy                     

         Susan     K.     Bowles     

    Abstract     Polypharmacy is common among older adults, largely due to the need to 
treat the increasing number of diseases that present as a person ages. However, mul-
tiple medication use can lead to serious consequences such as adverse drug events 
and also contribute to geriatric syndromes. A number of strategies have been evalu-
ated in an effort to improve polypharmacy. While such strategies consistently dem-
onstrate signifi cant reductions in inappropriate medication prescribing, their impact 
on clinical outcomes is equivocal. More research is needed to identify the most 
effective interventions to optimize medication use in the older population.  
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4.1         Introduction 

 The world’s population is aging, with an estimated 12 % being 60 years of age or 
older in 2013 [ 1 ]. In North America, adults 65 years of age and older are estimated 
to make up 13 % of the US and 16 % of the Canadian population, respectively [ 2 ,  3 ]. 
Similar trends are observed in Europe [ 4 ]. Overall, the proportion of older individu-
als is projected to double in the next 40 years on a worldwide basis [ 1 ]. 

 The aging process is associated with the onset of many chronic conditions, for 
which a wide variety of medications are used [ 2 ,  5 ]. Consequently, older individuals 
use more medications. It is estimated that those over 65 years of age account for 
30–50 % of all prescribed medications and almost two-thirds of prescription drug 
costs across a number of international jurisdictions [ 6 – 9 ]. 

 The use of multiple medications is referred to polypharmacy, although no 
 standard defi nition has been agreed upon. The World Health Organization defi nes 
polypharmacy as “the administration of many drugs at the same time” or “the 
administration of an excessive number of drugs” [ 10 ]. Others have described 
 polypharmacy as use of more medications than clinically indicated, unnecessary 
drugs, use of ineffective medication, and therapeutic duplication [ 11 ,  12 ]. Other 
defi nitions are based on the number of drugs, with a specifi c threshold (ranging 
from two to nine different agents), above which polypharmacy is deemed to be pres-
ent [ 13 ,  14 ]. Despite the lack of consensus regarding its defi nition, recognition of 
polypharmacy as a geriatric syndrome is important. While the use of multiple drugs 
can be appropriate for the management of chronic disease in some situations, poly-
pharmacy is associated with a number of iatrogenic consequences. These, in turn, 
result in emergency department visits, hospitalization, nursing home placement, 
and increased mortality [ 15 – 17 ].  

4.2     Medication Use in Older Patients 

 The epidemiology of polypharmacy has been examined in various settings using 
numerous defi nitions. Regardless of this variability, however, several consistent 
fi ndings emerge from the literature. 

 Firstly, the majority of people over 65 years of age take multiple drugs. US data 
indicate that 57 % of older women take fi ve or more medications and 12 % take ten 
or more [ 18 ]. These data are similar to that observed in other jurisdictions. A large 
European study observed that half of older adults took six or more medications per 
day [ 19 ]. Review of Canadian publicly funded drug programs found that two-thirds 
of seniors had claims for at least fi ve different drug classes and one-third had claims 
for ten or more [ 9 ]. 

 Secondly, long-term care residents tend to use more drugs than their community 
counterparts. The US Nursing Home Survey found that almost 40 % were pre-
scribed nine or more drugs [ 20 ]. Similarly, data from the European SHELTER study 
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 demonstrated that almost half of nursing home residents were prescribed between 
fi ve and nine medications and almost one in fi ve was prescribed ten or more agents 
[ 21 ]. Among Canadian residents of long-term care who were benefi ciaries of pro-
vincial publicly funded drug programs, 60 % were found to have claims for ten or 
more drug classes [ 9 ]. Finally, use of ineffective medications, agents without a 
clinical indication and therapeutic duplication appears to be common. One study of 
older ambulatory patients found that 55 % were taking at least one medication lack-
ing an indication, 30 % were taking agents deemed to be ineffective, and 16 % had 
a therapeutic duplication. In a group of ambulatory US veterans, 57 % were taking 
at least one medication that was not effective, not indicated, or a therapeutic dupli-
cation [ 22 ]. Within the hospital setting, one study found that one-third of patients 
were discharged with a prescription for at least one medication without a clear 
indication, of which 25 % were started during hospitalization [ 23 ]. In nursing 
homes, up to one- third of residents are prescribed at least one drug that is not 
 clinically indicated [ 24 – 26 ]. 

 Polypharmacy results from the use of prescription drugs, over-the-counter (OTC) 
medications, and supplements. The most frequently prescribed medications for 
older persons residing in the community include statins, antihypertensives, opioids, 
thyroid hormones, and antibiotics [ 9 ,  27 ]. Regular self-medication with OTC agents 
and/or supplements is also common with 46 % of prescription drug users reporting 
concurrent use with OTCs and 52 % concurrent use of supplements [ 7 ]. Analgesics 
(acetaminophen and NSAIDs), laxatives, antacids, and vitamins are the most fre-
quently reported [ 7 ,  28 ]. Prescription drug classes differ somewhat for nursing 
home residents as use of antidepressants, benzodiazepines, and antibiotics is 
reported somewhat more frequently in this population [ 9 ,  27 ]. However, statins and 
antihypertensive agents are also among the top ten drug classes prescribed in the 
long-term care setting [ 9 ].  

4.3     Contributing Factors 

 Many factors have been associated with polypharmacy. These include age, health 
status, number of health-care visits, and multiple prescribers [ 13 ,  29 ]. 

 Of these, age is the most commonly identifi ed [ 29 ]. As people age, they develop 
more chronic disease [ 2 ,  5 ,  6 ], so more guidelines apply, resulting in more drugs 
being prescribed. As many of these guidelines recommend multiple agents for 
treatment of a single condition, it is not surprising that adherence to guidelines 
results in the addition of numerous medications [ 30 ]. This can be even more pro-
nounced in those with multiple comorbidities, who see different specialists for 
each individual condition, and who have medication prescribed based on guide-
lines for that single disease [ 30 ,  31 ]. Primary care providers are often hesitant to 
change or discontinue medications that other prescribers have initiated, especially 
if a drug is started during hospitalization or by a specialist, such that the number 
of drugs increases over time [ 32 ]. 
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 Importantly, however, older individuals with multiple comorbidities are usually 
excluded from, and therefore underrepresented in, the drug trials from which clinical 
guidelines are derived [ 33 – 36 ]. Consequently, the applicability of many clinical guide-
lines to older patients, particularly those who are frail and/or over 80 years of age, is 
questionable [ 37 ,  38 ]. Moreover, many guidelines generally do not address goals of 
care (symptom control versus longevity) and the lag time to benefi t in the context of life 
expectancy [ 37 ,  39 ,  40 ]. Thus, there is a substantial gap between evidence for treat-
ments for a particular disease and the reality of managing disease in frail, older patients 
with multiple comorbidities, where the risk of medication- related harms is high [ 38 ].  

4.4     Consequences of Polypharmacy 

 Polypharmacy has many potential consequences. These include an increased likeli-
hood of receiving an inappropriate medication, experiencing an adverse drug event, 
and multiple geriatric syndromes [ 13 ]. 

4.4.1     Exposure to Potentially Inappropriate Medications 

 The prevalence of inappropriate medication use varies across health-care settings, 
reported between 12 and 80 %, depending upon the patient population and the crite-
ria used to defi ne inappropriate use [ 41 ,  42 ]. Several different criteria, both explicit 
and implicit, have been used to measure the use of potentially inappropriate medica-
tion (PIM) use. Explicit criteria include Beers and STOPP. Beers Criteria, most 
recently updated in 2015, presents a list of medications, where risk of harm out-
weighs potential benefi ts [ 43 ]. These criteria also list drugs for which dose adjust-
ment based on renal function is recommended and high-risk drug-drug interactions 
[ 43 ]. STOPP criteria, updated in 2014, includes medications with a high risk-benefi t 
ratio in older persons, drugs that increase risk of falls, clinically important drug- 
drug and drug-disease interaction, as well as common therapeutic duplications [ 44 ]. 
Both STOPP and Beers criteria are grouped by organ system and provide an expla-
nation of why a particular medication is considered inappropriate [ 43 ,  44 ]. The 
medication appropriateness index (MAI) is another measure, using implicit criteria, 
to identify inappropriate medication use. It consists of a ten questions regarding 
clinical indication, therapeutic duplication, medication effectiveness in an individ-
ual patient, dosing and duration, practicality of directions, drug-drug and drug- 
disease interactions, and cost considerations [ 45 ]. 

 Regardless of the criteria used, the use of multiple medications increases the risk 
of receiving inappropriate medication. The number of both prescription and OTC 
medications increased the odds of inappropriate prescribing as defi ned by the MAI 
[ 46 ]. Likewise, polypharmacy has been shown to increase the risk of potentially 
inappropriate medications as defi ned by both Beers and STOPP criteria [ 19 ,  47 – 49 ]. 
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As the number of drugs increase, the higher the prevalence of inappropriate medica-
tion use and the greater the risk of negative outcomes, such as adverse drug events 
[ 48 ,  50 ].  

4.4.2     Adverse Drug Events 

 Adverse drug events (ADEs) are common in older adults, reported in up to 35 % of 
older outpatients and 40 % of hospitalized elderly, with 20 % experiencing an ADE 
following discharge [ 27 ,  51 ]. ADEs are a frequent, but often preventable, cause of 
emergency department visits and hospitalization [ 15 ,  17 ]. They can occur in the 
outpatient, inpatient, and long-term care settings. 

 Rather than being idiosyncratic in nature, ADEs in older adults tend to result from 
an exaggeration of the pharmacologic effect. This is thought to occur for a variety of 
reasons. Physiologic changes impact both the pharmacokinetics and pharmacodynam-
ics of medications. The elimination of some drugs is impaired which can increase both 
peak and duration of effect, depending on the specifi c agent [ 52 ]. Increased sensitivity 
observed with some drugs may result from changes to neurotransmitters and receptors 
[ 52 ]. Frailty may also be an important factor as it can cause declining functional 
reserves and impaired homeostatic mechanisms, both of which can result in a more 
pronounced pharmacologic effect [ 52 ,  53 ]. While physiologic changes render older 
individuals more vulnerable to ADEs, the number of medications appears to be the 
most important risk factor. One survey- based study of approximately 3,100 Canadian 
seniors found that 27 % of them were taking fi ve or more medications. Twelve percent 
experienced an ADE requiring medical attention in comparison to only 5 % who were 
taking two or fewer drugs [ 54 ]. In a study of 678 older veterans, the odds of having an 
ADE-related hospitalization was increased almost threefold (OR 2.85, 95 % CI 1.03–
7.85) for those taking fi ve to eight drugs and almost fourfold (OR 3.90, 95 % CI 1.43–
10.61) with nine or more drugs [ 55 ]. The relationship between polypharmacy and 
ADEs has also been examined in the nursing home setting. Nursing home residents 
with nine or more medications were twice as likely (OR 2.33, 95 % CI 1.54–3.52) to 
experience an ADE in comparison to those taking fewer drugs [ 56 ]. Polypharmacy is 
also associated with an increased risk of ADEs secondary to drug interactions. Review 
of charts from 205 patients presenting to two emergency departments found an increas-
ing risk of drug-drug/drug-disease interactions resulting in an ADE. The risk was 13 % 
with two drugs, 38 % with four drugs, and 82 % with seven or more drugs [ 57 ].  

4.4.3     Geriatric Syndromes 

 The term “geriatric syndrome” has been used to describe commonly observed clini-
cal conditions in frail older persons that cannot be diagnosed as a specifi c disease 
[ 58 ]. While the term “syndrome” generally refers to specifi c signs and symptoms 
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that occur together leading to a specifi c diagnosis, a geriatric syndrome represents a 
health condition resulting from an accumulation of defi cits across multiple systems 
that “render older persons vulnerable to situational changes” [ 58 ]. Multiple risk fac-
tors, including medication use, interact in a manner that leads to one or more of the 
geriatric syndromes. This results in increasing frailty, which in turn enhances the 
impact of risk factors and geriatric syndromes. Ultimately, the relationship between 
risk factors, geriatric syndromes, and frailty leads to increased disability [ 58 ]. 

 Data suggests that polypharmacy is associated with a number of different geriat-
ric syndromes. Different medications have the potential to impact multiple systems. 
The more medications a person uses, the more likely they will experience a drug- 
drug interaction, drug-disease interaction, or an ADE. Medication-related geriatric 
syndromes may represent a manifestation of the atypical presentation of one or 
more of these phenomena. 

4.4.3.1     Functional Decline 

 Functional status refers to the ability of an individual to carry out their basic (ADLs) 
and instrumental activities of daily living (IADLs). Polypharmacy has been associ-
ated with functional decline in older individuals and therefore has a negative impact 
on the ability to remain independent. A study using data from 975 women partici-
pating in the Women’s Health and Aging study found that use of fi ve or more medi-
cations was associated with a decline in ability to carry out IADLs [ 59 ]. A 
prospective study of almost 300 older adults observed that both polypharmacy (six 
to nine drugs) and excessive polypharmacy (ten or more drugs) were both associ-
ated with a decline in IADLs [ 60 ]. Use of ten or more drugs also reduced physical 
function [ 60 ]. Other data from the Women’s Health and Aging study showed that 
use of fi ve or more medications was associated with incident disability in over 
29,500 older women (RR 22.0, 95 % CI, 21.6–22.5) followed over a 3 year period 
[ 61 ]. In a cohort of almost 2,000 older community-dwelling adults with dementia, 
the use of fi ve or more drugs was associated with greater functional decline than 
those using fewer medications [ 62 ].  

4.4.3.2     Nutritional Status 

 It is well known that nutritional status can infl uence the pharmacological response 
of some medications. Conversely, and perhaps more importantly, drugs can impact 
nutritional status. There are a number of mechanisms by which different agents may 
affect nutritional status. Electrolyte abnormalities can occur as a result of a drug- 
related syndrome of inappropriate ADH secretion (SIADH), nausea, vomiting and/
or diarrhea. Some medications may reduce the absorption (e.g., vitamin B12) of 
some nutrients or reduce their concentrations (e.g., folic acid) [ 63 ]. Others may 
decrease appetite, affect taste, or cause dry mouth, resulting in decreased food 
intake [ 63 ]. Indirect effects, such as drug-related tremor, could impact the ability of 
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a person to eat independently [ 31 ]. Any or all of these drug effects have the potential 
to exacerbate preexisting muscle weakness, diminished energy levels, and cognitive 
impairment, thereby contributing to fall risk [ 31 ,  63 ]. 

 Over 250 different medications have been identifi ed as having an effect on the 
intake, absorption, metabolism, and excretion of nutrients [ 64 ]. Although the nutri-
tional effects of individual drugs or drug classes are known, the overall impact of poly-
pharmacy on nutritional status is poorly understood. A few studies have attempted to 
address this question. Among nursing home residents, an increasing number of drugs 
were found to be associated with a poorer nutritional status, as measured by the Mini-
Nutritional Assessment (MNA), a validated tool incorporating both objective and sub-
jective measures [ 65 ]. One community-based, prospective cohort study of 294 
individuals 75 years of age or older observed that 50 % of those taking ten or more 
medications were either malnourished or at risk of malnourishment based on the MNA 
[ 60 ]. A survey of 1,000 community-dwelling persons 65 years of age and older found 
that polypharmacy (defi ned as fi ve or more drugs) was associated with a reduced intake 
of B vitamins, fat-soluble vitamins, fi ber, and minerals such as iron [ 66 ]. Conversely, 
an increased intake of cholesterol, sodium, and sugar was observed [ 66 ]. 

 Polypharmacy has also been studied in the context of weight loss (ten or more 
pounds) in 885 community-dwelling persons 72 years of age and older. There was 
no relationship between weight loss in persons taking two or less medications (OR 
1.48, 95 % CI 0.85–2.59) [ 67 ]. However, those taking three to four medications and 
those taking fi ve or more drugs were found to be at increased risk of weight loss 
(OR 1.96. 95 % CI 1.08–3.54 and OR 2.78, 95 % CI 1.38–5.60, respectively) with a 
stronger association observed with the higher level of polypharmacy [ 67 ]. 

 While these studies did not measure the clinical consequences of medication- 
related nutritional changes on overall health status, nor can they assume causality, 
they do provide implicit evidence of polypharmacy as a risk factor for poor nutrition 
and weight loss in older adults.  

4.4.3.3     Lower Urinary Tract Symptoms and Urinary Incontinence 

 Lower urinary tract symptoms (LUTS) and urinary incontinence are common prob-
lems in older individuals, reported between 40 % and 50 % for men and women, respec-
tively [ 68 ]. Notably, urinary incontinence, particularly the urge type, is associated with 
falls [ 69 ]. Many commonly used medications have the potential to exacerbate these 
symptoms depending on the pharmacologic action of the drug and type of inconti-
nence. Several drug classes, such as calcium channel blockers, diuretics, SSRIs, and 
others, have been associated with increasing LUTS [ 70 ,  71 ]. One cross- sectional study 
of 390 patients 60 years of age and older attending an outpatient urinary incontinence 
clinic found that 60 % were taking at least one drug potentially contributing to their 
LUTS [ 72 ]. Not surprisingly, polypharmacy (fi ve or more medications) was identifi ed 
as a risk factor for taking a LUTS-worsening drug (OR 4.9, 95 % CI 3.1–7.9) [ 72 ]. 

 However, the relationship between polypharmacy and LUTS is less clear as there 
are few studies examining this issue. A survey of 203 women, aged 70 years and 
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older, found that polypharmacy was associated with an increased risk of LUTS [ 73 ]. 
Given that many drug classes are known to exacerbate LUTS and urinary inconti-
nence, and impact of these conditions on frailty, patients should have a thorough 
medication review to identify and correct medication-related contributions to LUTS 
and urinary incontinence.  

4.4.3.4     Cognitive Impairment 

 The potential for a number of different medications to negatively affect cognition is 
well known, but is not always recognized when it does occur. Exposure to agents 
with anticholinergic properties provides the greatest risk for cognitive impairment. 
The relationship between anticholinergic drug use and delirium is well known [ 51 ]. 
Generally, it has been thought that cognition should improve with discontinuation 
of these agents. More recently, however, data suggests that the cognitive impact of 
these agents may not be reversible and long-term use of anticholinergic agents may 
increase dementia risk, although this remains controversial [ 74 ]. 

 Many other agents, other than those with anticholinergic properties, can also 
cause or contribute to cognitive impairment via a number of different mechanisms. 
These include antiparkinson drugs, SSRIs, anticonvulsants, H 2 -receptor antago-
nists, corticosteroids, NSAIDs, and some antibiotics (e.g., quinolones) [ 75 ]. 

 The relationship between polypharmacy and delirium was explored in a prospec-
tive study of 156 patients 65 years of age and older in a community hospital. The 
number of medications was signifi cantly associated with delirium (OR 1.2, 95 % CI 
1.01–1.49) [ 76 ]. Likewise, a study of 410 individuals 65 years of age or older admit-
ted to an acute geriatrics service found a twofold increase in the odds of developing 
delirium in persons taking four or more drugs (OR 2.33, 95 % CI 1.23–4.41) [ 77 ]. 

 Unlike delirium, the relationship between dementia and polypharmacy has not 
been well elucidated. A prospective, cohort study of 294 community-dwelling per-
sons 75 years of age and older observed an increasing proportion of patients with 
cognitive impairment with an increase in the number of medications. Cognitive 
impairment was 22 % in those taking fi ve or fewer medications, 33 % of those taking 
six to nine drugs, and 54 % when taking ten or more [ 60 ]. However, a similar rela-
tionship was not seen in a study of 572 individuals participating in the New Mexico 
Aging Process Study [ 78 ]. 

 Despite a lack of clarity with regard to the relationship between polypharmacy 
and cognitive impairment, it is a risk factor for falls, so an understanding of those 
medications that precipitate or contribute to diminish cognitive abilities is an impor-
tant strategy for reducing fall risk [ 79 ].  

4.4.3.5     Falls 

 The risk of falling and sustaining a fall-related injury increases with age. The annual 
rate of falls is estimated as 0.7 falls per person among relatively healthy community- 
dwelling adults aged 65 years and older [ 80 ]. Rates for falls in the hospital and 
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nursing home settings are higher than that in community, with an increased likeli-
hood of injury in comparison [ 80 ]. Approximately 5 % of older adults residing in 
community will experience a fracture or require hospitalization following a fall 
versus 10–25 % of those in hospital or nursing home [ 80 ]. 

 There is a clear relationship between medication use and falls, with the strongest 
association seen with psychotropic agents [ 81 ,  82 ]. Cardiovascular drugs, especially 
antihypertensives, also increase risk [ 82 ,  83 ]. Likewise, polypharmacy itself is an 
important risk factor for falls and fractures. In a large study of over 1,500 patients, 
80 years of age and older, followed between 2009 and 2014 in a geriatric outpatient 
clinic, the risk of falls increased with the presence of polypharmacy (six to nine 
drugs) [ 84 ]. These data are supported by other smaller studies [ 85 ,  86 ]. Polypharmacy 
is also associated with injurious falls and fractures requiring hospitalization [ 87 ,  88 ]. 
Falls occur as a result of many interrelated factors; however, minimizing high-risk 
medications is an important and effective component of an overall fall risk reduction 
strategy [ 89 ]. Subsequent chapters in this book will explore these issues in detail.    

4.5     Strategies to Reduce Polypharmacy 

 A number of strategies have been trialed in an attempt to minimize polypharmacy in 
ambulatory, hospital, and nursing home settings. A recent systematic review evaluated 
interventions to reduce polypharmacy. A total of 12 studies were included in the 
review, primarily involving multifaceted interventions delivered by prescribers and 
pharmacists, with one study evaluating a computerized decision support tool [ 90 ]. In 
general, these interventions decreased inappropriate medications, whether measured 
by implicit or explicit criteria [ 90 ]. A signifi cant reduction in MAI scores was observed 
in pooled data from fi ve studies [ 90 ]. Likewise, studies with Beers or STOPP criteria 
demonstrated reductions in the number of inappropriate medications [ 90 ]. 

 Data regarding clinical outcomes, such as hospitalization, however, was equivo-
cal [ 90 ]. Of the fi ve studies included in the analysis, three observed reductions in 
hospital admissions between control and intervention groups [ 91 – 93 ] but two did 
not [ 94 ,  95 ]. No differences were observed in medication-related problems or 
 quality of life. For all clinical outcomes, heterogeneity in measuring outcomes and 
expression of results precluded pooled analysis [ 90 ]. 

 Overall, multidisciplinary interventions, involving pharmacists and physicians, can 
reduce prescribing of inappropriate medications, but whether or not they reduce hospi-
talizations or medication-specifi c outcomes such as ADEs remains to be elucidated.     
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    Chapter 5   
 Pharmacology of Drugs in Aging                     

         Louise     Mallet     

    Abstract     General principles for appropriate prescribing for the elderly are described 
in this chapter. Age-related changes in pharmacokinetics (absorption, distribution, 
metabolism, and distribution) with normal aging and in frail elderly patients are pre-
sented. Tools to identify potentially inappropriate medications in the elderly, includ-
ing the American Geriatrics Society Beers Criteria and the STOPP/START criteria, 
are described. The prescription cascade, where a side effect of a medication is misin-
terpreted as a new medical condition leading to the introduction of another drug, is 
also described. The association between geriatric syndromes and medication use is 
presented as well as strategies to reduce fall risk-increasing medications. Assessment 
and review of medications in frail elderly patients should be done every 6 months.  
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  ADE    Adverse drug events   
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5.1       Background 

 Over the past century, life expectancy has greatly increased. Older people make up 
the largest growing segment of the global population. Traditionally the age of 65 
years has been associated with the term “elderly” as well as with the age of  retirement 
and social benefi ts such as a pension [ 1 ,  2 ]. More recently, older people have been 
categorized into the subgroups “young-old” (65–74 years), “old” (75–84 years), and 
“old-old” (85 years and older) [ 3 ]. 

 Defi ning older people goes beyond chronological age. It is important to under-
stand normal aging for frail older adults. Rather than using just the number of 
their age, factors such as multiple comorbidities, functional and cognitive status, 
frailty, geriatric syndromes, remaining life expectancy, therapeutic goals, time to 
benefi t, and use of multiple medications have been suggested to better describe 
older patients [ 4 ]. Prescribing for the elderly has become an art. This chapter will 
review the factors which impact on the effects of medications taken by older peo-
ple with the objective of understanding the principles of appropriate prescribing. 

5.1.1     Age-Related Changes in Pharmacokinetics 

5.1.1.1     Absorption 

 Normal aging is associated with a number of physiological changes that affect 
the absorption of medications. These include an increase in gastric acidity, a 
reduction in gastrointestinal motility, a decrease in splanchnic blood fl ow, and a 
decrease in the surface area of the intestinal mucous membrane [ 5 ]. However, 
recent studies suggest that these age-related changes have not been detected in 
the fi t older person. The effect of these changes on drug absorption in the frail 
elderly is not fully understood [ 5 ]. Further studies are needed to clarify these 
changes. 

 There are limited studies of the effect of aging on the absorption of slow 
release formulations, transdermal patches, or gels. In frail elderly patients, mus-
cle mass is often decreased. Absorption of a medication administered via the 
intramuscular or subcutaneous routes may be affected [ 6 ]. Often, elderly 
patients have swallowing diffi culties which leads to people crushing pills to 
help with their ingestion. Taking multiple medications at the same time can 
potentially lead to less evident problems. For example, calcium tablets can che-
late with medications such as quinolone antibiotics and levothyroxine, leading 
to a decreased absorption and effi cacy [ 6 ]. Congestive heart failure can result in 
decreased blood fl ow to the gastrointestinal tract leading to a decrease in the 
absorption of some drugs. Oral absorption of furosemide can be impaired due to 
slow gastric emptying and can contribute to furosemide resistance in decompen-
sated heart failure [ 6 ].  
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5.1.1.2     Distribution 

 With aging, an increase in total body fat of 18–36 % is reported along with a drop in lean 
body mass. The half-life of lipophilic medications such as long-acting benzodiazepines, 
antipsychotics, and antidepressants increases, resulting in prolonged effects and adverse 
drug events in older patients [ 7 ]. Frail elderly patients with low body weight and low 
muscle mass are at higher risk of presenting with serious side effects from these medica-
tions, especially if they are prescribed the drug in the “normal” adult dose range. 

 Total body water decreases by 10–15 % which proportionally decreases the 
volume of distribution for water-soluble drugs. Dosage adjustments are needed for 
drugs such as digoxin, lithium, oral hypoglycemic agents, and diuretics [ 7 ] to avoid 
potential toxicity. Hot weather can lead to older people becoming dehydrated, fur-
ther exacerbating the risk for toxicity. The doses of water-soluble medications 
should be adjusted or discontinued during prolonged heat waves. 

 A decline in serum albumin in the frail or malnourished elderly individual is 
common [ 5 ]. In this situation an increase in the concentration of unbound drug can 
occur with drugs that are highly protein bound (usually more than 90 % to albumin), 
such as phenytoin, warfarin, valproic acid, or nonsteroidal anti-infl ammatory drugs. 
The unbound drug is the portion that exerts its pharmacologic actions: both thera-
peutic effects and side effects. A serum albumin concentration can be helpful in the 
analysis of medication in the frail or malnourished elderly [ 7 ].  

5.1.1.3     Metabolism 

 With aging, there is diminution of up to 40 % in liver volume and a decrease in hepatic 
blood fl ow [ 8 ]. Medications with a signifi cant fi rst-pass extraction by the liver, such as 
metoprolol, morphine, and verapamil, will be affected [ 8 ]. Recent studies have described 
the effect of frailty on enzymes involved in the metabolism of some drugs. Phase I reac-
tions (oxidation, reduction, or hydrolysis) are reduced with aging. Esterases are phase I 
enzymes involved with the oxidative metabolism of several drugs; a decrease in their 
activities has been observed. Prodrugs such as enalapril need to be activated via hepatic 
esterases [ 5 ] and lower levels of enalaprilat; the active metabolite of enalapril has been 
observed. Other drugs such as amitriptyline, citalopram, sertraline, and venlafaxine, 
which undergo phase I metabolism (oxidation and reduction), need to have dosage 
adjustments because of a decrease in hepatic esterase activity in frail elderly. Studies 
have described pharmacokinetic modifi cations in phase II metabolism in frail elderly for 
metoclopramide and paracetamol [ 9 ,  10 ]. Glucuronidation of paracetamol and clear-
ance of metoclopramide by sulfation were considerably reduced in frail patients [ 9 ,  10 ].  

5.1.1.4     Elimination 

 Serum creatinine concentration does not change signifi cantly in normal aging. 
However, a “normal” serum creatinine concentration hides the actual decline in 
kidney mass, renal blood fl ow, glomerular fi ltration rate, and tubular secretion rate 
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because of a concurrent decline in muscle mass resulting in a decrease in creatinine 
production [ 4 ,  5 ]. An estimation of the creatinine clearance using the Cockcroft 
and Gault equation will help guide clinicians to adjust dosage for renally excreted 
drugs [ 11 ]. 

 A formula to estimate creatinine clearance in patients with low muscle mass and 
low serum creatinine level is lacking. For frail elderly people, estimation of creati-
nine clearance using the patient serum creatinine concentration will overestimate 
the true value. Clinically, these patients often present with toxic effects due to the 
accumulation of renally excreted medications for which the calculation of the esti-
mated creatinine clearance value was inaccurate. 

 Clinical judgment is needed to interpret the results. For frail elderly patients with 
low muscle mass and low creatinine levels, a “normal” value for serum creatinine 
concentration should be substituted for the actual measured value when used in the 
formula to estimate creatinine clearance. For example, using the Cockcroft and 
Gault equation to estimate the creatinine clearance for a 90-year-old woman, weigh-
ing 38 kg, and a measured serum creatinine concentration of 45 μmol/L, an overes-
timated value of 44 mL/min is calculated. “Adjusting” the serum creatinine value by 
substituting a “normal” value of 70 μmol/L results in an estimated creatinine clear-
ance of 28 mL/min which should then be applied to adjust dosage for renally 
excreted medications. Table  5.1  illustrates the age-related changes in pharmacoki-
netics with normal aging and in frail elderly patients.

5.1.2         Potentially Inappropriate Medications 

 Explicit criteria to help clinicians avoid inappropriate medications in the elderly 
were fi rst published by Beers in 1991 and updated in 2003, 2012, and 2015 [ 12 – 15 ]. 
Table  5.2  lists drugs with strong anticholinergic properties that should be avoided. 
Potentially inappropriate medications using the Beers Criteria have been associated 
with poor health outcomes such as confusion, falls and mortality [ 16 ,  17 ]. STOPP 
(Screening tool of older person’s prescriptions) and START (Screening Tool to Alert 
doctors to Right Treatment) criteria represent another consensus list of PIMs devel-
oped in Ireland in 2008 and updated in 2014 [ 18 ,  19 ]. These lists of PIMs can help 
guide clinicians in clinical practice and can also be incorporated into clinical deci-
sion support systems that can fl ag PIMs at the time of prescribing [ 20 ]. A recent 
Cochrane systematic review evaluated different interventions aimed at improving the 
appropriate use of polypharmacy in older people, 65 years of age or older, in differ-
ent healthcare settings, receiving 4 or more regular medicines and with 1 or more 
long term-care condition [ 21 ]. The primary outcomes of this systematic review were 
the change in the prevalence of appropriate polypharmacy and hospital admissions. 
Secondary outcomes included medication-related problems, medication adherence 
and quality of life. A number of 12 studies were included. Appropriateness was mea-
sured using validated tools such as Medication Appropriateness Index (MAI), Beers’ 
criteria, STOPP criteria, Screening Tool to Alert doctors to Right Treatment (START) 
criteria. A reduction in inappropriate prescribing was detected but results on medica-
tion-related problems are confl icting [ 21 ]. A later Chap.   15    , “Identifying Explicit 
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   Table 5.1    Age-related changes in pharmacokinetics with normal aging and frail elderly patients   

 Age-related 
changes  Clinical impact  Frail elderly 

 Absorption  No signifi cant 
changes 

 No clinical impact  ↓↓ 

 Distribution  ↑ Body fat  ↑ volume of distribution for 
liposoluble drugs 
 Adjust dosage for fat soluble 
drugs such as antipsychotics, 
antidepressants, 
benzodiazepines 

 ↑↑ 

 ↓ Total water  ↓ Volume of distribution of 
water-soluble drugs 
 Adjust dosage for water- 
soluble drugs such as 
digoxin, lithium, diuretics 

 ↓↓ 

 ↓ Albumin  ↑ Free fraction of drugs for 
drugs >90 % bound to 
albumin such as phenytoin, 
valproic acid, warfarin 

 ↓↓ 

 Metabolism  ↓ Hepatic 
blood fl ow 

 ↓ First-pass extraction by the 
liver such as metoprolol, 
morphine, and verapamil 

 ↓↓ 

 ↓ Phase I 
metabolism 

 ↓ Metabolism of oxidation 
reaction 

 Unchanged 

 Esterase 
enzymes 

 ↓ Metabolism of drugs 
metabolized by esterase 
enzymes. Decrease 
conversion of prodrug 
enalapril to enalaprilat 

 ↓↓ 

 ↓ Phase II 
metabolism 

 No changes with normal 
aging 

 ↓↓   Changes in 
glucuronidation of 
acetaminophen and 
clearance of metoclopramide 
by sulfation 

 Elimination  ↓ Glomerular 
fi ltration rate 

 ↓ Elimination of drugs 
excreted renally such as 
ciprofl oxacin, digoxin, 
pregabalin 

 ↓↓ 

 ↓ Tubular 
secretion 

 ↓ Elimination of drugs 
excreted via tubular 
secretion such as cimetidine, 
trimethoprim 

 ↓↓ 

 Serum 
creatinine 

 With normal aging, no 
change in serum creatinine 

 ↓↓   For low-weight patient, 
with no muscle mass, 
decrease in serum 
creatinine level 

 Creatinine 
clearance 

 ↓ With normal aging  ↓↓ 
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Criteria for the Prevention of Falls,” is devoted to PIMs. The Chap.   4     on 
“Polypharmacy” also discusses details on strategies to reduce polypharmacy.

5.1.3        Prescribing Cascade 

 Prescribing cascades are commonly observed in elderly patients but rarely 
detected and reported in the literature. This concept was initially reported by 
Rochon in 1997 [ 22 ]. A prescription cascade begins when a side effect of a medi-
cation is misinterpreted as new medical condition, which triggers the prescription 
of another drug [ 22 ]. 

 For example, an 88-year-old man is seen in the emergency room for a fall because 
of leg pains. He is taking a statin and his creatine kinase level is normal. Recently, 
pregabalin was prescribed for his “leg pains.” Prescribing pregabalin for leg pains 
associated with statin use represents a cascade. 

 An 85-year-old woman recently admitted to a long-term care facility presented 
to the emergency room with a fall following the prescription of betahistine to treat 
her dizziness symptoms. She is taking three different antihypertensive agents result-
ing in signifi cant orthostatic hypotension. Since her admission to the long-term care 
facility, her medication adherence has been assured; hence, the full effectiveness 
and side effects of her multiple antihypertensive medications can now act. This case 
illustrates the cascade of prescribing betahistine to treat the “dizziness” symptoms 
secondary to orthostatic hypotension. Prescribing cascades increase the risk of 
adverse drug events in the elderly. 

 Patients should be asked about the presence of new symptoms especially if a 
new drug has recently been started or there has been a dose increase of an existing 

   Table 5.2    Drugs with strong anticholinergic properties listed in AGS Updated Beers Criteria 2015 
[ 15 ]   

 Antiarrhythmic  Disopyramide 
 Antiemetic  Prochlorperazine, promethazine 
 Antihistamines  Brompheniramine, carbinoxamine, chlorpheniramine, clemastine, 

cyproheptadine, dexbrompheniramine, dimenhydrinate, 
diphenhydramine, doxylamine, hydroxyzine, meclizine, triprolidine 

 Antidepressants  Amitriptyline, amoxapine, clomipramine, desipramine, doxepin (>6 mg), 
imipramine, nortriptyline, paroxetine, protriptyline, trimipramine 

 Antimuscarinics  Darifenacin, fesoterodine, fl avoxate, oxybutynin, solifenacin, tolterodine, 
trospium 

 Antiparkinsonian  Benztropine, trihexyphenidyl 
 Antipsychotics  Chlorpromazine, clozapine, loxapine, olanzapine, perphenazine, 

thioridazine, trifl uoperazine 
 Antispasmodics  Atropine (excludes ophthalmic) belladonna alkaloids, clidinium- 

chlordiazepoxide, dicyclomine, homatropine (excludes ophthalmic), 
hyoscyamine, propantheline, scopolamine (excludes ophthalmic) 

 Skeletal muscle 
relaxants 

 Cyclobenzaprine, orphenadrine 
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drug [ 23 ]. To avoid a potential prescribing cascade, new medications should 
always be prescribed at the lowest possible dose. A complete medication review 
can help identify a potential prescribing cascade, by clarifying the time frame of 
medication changes (new additions or dose changes) and the appearance of signs 
or symptoms. Tapering or stopping the last prescribed medication can help man-
age prescription cascades. Documentation in the medical record is strongly 
encouraged to help avoid future occurrences. Table  5.3  lists other examples of 
prescribing cascades.

5.1.4        Geriatric Syndromes 

 Geriatric syndromes defi ne clinical conditions that are typically found in older 
patients and do not fi t into specifi c illness categories [ 24 ]. They are common, are 
multifactorial in etiology, lead to functional impairment, and are associated with 
signifi cant morbidity and poor outcomes in the elderly [ 24 ]. Examples of geriatric 
syndromes include delirium, falls, dizziness, urinary incontinence, syncope, and 
anorexia [ 24 ]. Table  5.4  illustrates the association between geriatric syndromes and 
some medications.

   Wierenga et al. investigated if geriatric syndromes were associated with adverse 
drug events (ADEs) in a cohort of patients aged 65 years and older admitted for 
acute medical problems. Delirium was evaluated using the Confusion Assessment 
Method. A fall occurring before admission was extracted from the medical records. 
Overall 25 % of patients presented with an ADE on admission. The prevalence of 
delirium at admission was 25.9 % and 12 % for a fall prior to admission with 5.4 % 
of patients with both a fall and delirium. Antidepressants, antipsychotics, and anti-
epileptics were associated with delirium. Diuretics, coumarins,  immunosuppressants, 
and nonsteroidal anti-infl ammatory drugs were frequently associated with an 
ADE. More than half of the patients who had a fall were using antidiabetics, antide-
pressants, antihypertensives, and antipsychotics [ 25 ]. A fall may be an important 
sign associated with an ADE. 

 Lattanzio evaluated the association between geriatric syndromes and ADEs in 
patients 65 years or older admitted to acute care hospitals. The presence of a history 

  Table 5.3    Examples of 
prescribing cascades from 
clinical practice  

 Furosemide → urinary incontinence → oxybutynin 
 Amlodipine → peripheral edema → furosemide 
 Donepezil → urinary incontinence → oxybutynin 
 Risperidone → rigidity → levodopa + carbidopa 
 Ciprofl oxacin → hallucinations → risperidone 
 Antihypertensive drugs → dizziness → betahistine 
 Atorvastatin → leg pains → quinine 
 Venlafaxine → hyponatremia → salt supplements 
 Digoxin → nausea/vomiting → metoclopramide 
 Low TSH level (hyperthyroidism) → tremors → primidone 
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of falls and a loss in at least one activity of daily living (ADL) increased the risk of 
ADE in these patients. The exposure to neuropsychiatric drugs was more prevalent 
in the cases [ 26 ]. A history of falls and dependency in at least one activity of daily 
living appears to be a sign of vulnerability to the development of ADEs in older 
individuals [ 27 ]. Physicians should be aware of this association before prescribing 
drugs that may cause negative outcomes in elderly patients. 

 Health-care professionals need to be proactive. Scheduled medication reviews 
and deprescribing strategies can help manage potential fall risk related to medica-
tions. Considering the presence of a geriatric syndrome as an atypical presentation 
of an ADE should be included in the differential diagnosis of a clinical scenario.   

5.2     Optimizing Drug Prescribing in the Elderly 

 The Institute for Safe Medication Practices (ISMP) Canada recently published an 
analysis of medication incidents associated with falls and risky fall-related situa-
tions [ 28 ]. The top medication classes associated with falls were opioids, psychotro-
pics (including antipsychotics, sedative hypnotics, antidepressants), cardiac 
medications (including diuretics), and hypoglycemic agents (including insulin). 

 In their analysis, the authors identifi ed four main themes associated with falls or 
risky fall-related situations [ 28 ].

    1.      Failure to anticipate inherent risks of medications  
 Failure of patient engagement was identifi ed as a risk for falls. A number of 

reviews, systematic reviews, and meta-analysis have been published on the risk 
associated with medication-related falls in the elderly [ 8 ,  29 – 31 ]. Dizziness, 
drowsiness, syncope, bradycardia, and muscle weakness are frequently docu-
mented with a fall. These falls can be associated with a prescribing cascade, use 
of PIMs, or geriatric syndromes. Increased awareness in patients, families, and 
prescribers about medication-related problems and their atypical clinical presen-
tation in the elderly will help.   

   2.      Inadequate proactive clinical assessment  
 The following factors were identifi ed that led to clinical assessments being 

absent or overlooked: failure to recognize a fall risk symptom, not recognizing 
the prescription of dosing regimens associated with an increased risk of fall, and 

   Table 5.4    Geriatric syndromes and medications   

 Geriatric syndromes  Medications 

 Falls  >4 drugs, antipsychotics, antidepressants, benzodiazepines 
 Delirium  Medications with anticholinergic properties 
 Anorexia  Digoxin, metronidazole, enalapril, lithium 
 Urinary incontinence  Diuretics, cholinesterase inhibitors, sedative hypnotics 
 Dizziness  Antidepressants, antihypertensive drugs, antipsychotics 
 Immobility  Antipsychotics 
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failure to identify drug interactions that increased fall risk. In cases where poten-
tial falls were avoided, pharmacists or nurses were involved.   

   3.      Communication gaps  
 Absence or failure of medication reconciliation at hospital admission or dis-

charge led to drug prescribing errors. Patients using their own medications dur-
ing their hospital stay and not informing hospital staff also resulted in falls.   

   4.      Failure of medication - use processes  
 Seventy-fi ve percent of the medication incidents were associated with prob-

lems in dispensing and medication administration processes in hospital. 
Administration of incorrect medications or dosages, the use of dangerous abbre-
viations, and the use of preprinted order sets not “geriatric friendly” are some 
risk factors identifi ed with risk for falls in hospital. In the community pharmacy 
setting, the  problems identifi ed are processing multiple patient prescriptions at 
the same time, errors related to verbal orders, and dispensing errors.    

5.3       Strategies to Reduce Fall Risk-Increasing Drugs 

 Safely prescribing medications in elderly patients with multiple comorbidities is 
complex and takes time and cognitive discipline. According to the AGS practice 
guidelines, “Patients who have fallen should have their medications reviewed and 
altered or stopped as appropriate in light of their risk of future falls. Particular atten-
tion to medication reduction should be given to older patients taking four or more 
medications and to those taking psychotropic drugs” [ 32 ]. 

 A medication review of an older patient’s medication should be done every 
6 months. Review should also be done at transitions of care, for example, discharge 
from hospital, transfer to long-term care, and admission to hospital. The following 
list of actions should be considered when evaluating a geriatric patient. These can be 
completed over a period of time. A pharmacist can be asked to perform a detailed 
medication history and identify drug-related problems and fall risk-increasing drugs.

    1.    Obtain a detailed medication history, including prescribed medications, over- 
the- counter medications, natural products, pro re nata (prn) medications, health 
food supplements, and alcohol.   

   2.    Advise the patient to see their community pharmacist for a medication recon-
ciliation and review. Home visits are helpful for patients unable to leave their 
home.   

   3.    Identify FRIDs.   
   4.    Match each medication use to an appropriate indication.   
   5.    Determine the onset and duration of the patient’s current complaints or present-

ing problems. Are they related to geriatric syndromes: falls, delirium, etc.?   
   6.    Identify the temporal relationship between adverse drug reaction and medica-

tions: prescribing cascade, PIMs, anticholinergic load, recent additions, or 
deletions. Document any adverse drug reaction and the consequences of this 
adverse drug reaction.   
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   7.    Evaluate the modalities of drug administration. How are the medications being 
taken? Can adherence be improved? Pill boxes? Blister packs? Engaging a 
caregiver?   

   8.    Obtain a current weight.   
   9.    Estimate a creatinine clearance and verify if any medication needs dosage 

adjustments to compensate for renal impairment.   
   10.    Identify red fl ags for drug-drug or drug-disease interactions.   
   11.    Document the therapeutic objective for each category of medications; for 

example, the target blood pressure for a 90-year-old woman may be higher than 
160/90 mmHg. Time to benefi t, remaining life expectancy, and expectation 
from the patient need to be discussed and documented when beginning a new 
treatment.   

   12.    Simplify the drug regimen if appropriate; consider deprescribing with a step-
wise approach by reducing one medication at the time with adequate follow-up. 
This can be done at each visit. Document benefi t or harm when medications are 
discontinued.   

   13.    Identify one physician that will prescribe to limit the number of prescribers and 
avoid adverse drug events.   

   14.    Arrange for a follow-up when treatment is modifi ed.   
   15.    Involve a family member or caregiver.   
   16.    Involve when needed other health-care professionals such as a pharmacist, 

nurse, physiotherapist, occupational therapist, and nutritionist.   
   17.    Organize or refer for a home visit assessment when necessary.   
   18.    Reevaluate treatment plans regularly: at least every 6 months.      

5.4     Conclusions 

 Medications are one of the modifi able fall risk factors. Family, caregivers, and health-
care professionals should be aware and appreciate the fall risks associated with medi-
cations. We can all strive to decrease medication-related falls in older adults.

  It takes one minute to prescribe a medication but years to discontinue it. Louise Mallet, 
January 2016. 
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    Chapter 6   
 Age-Related Physical and Physiologic Changes 
and Comorbidities in Older People: 
Association with Falls                     

         Gustavo     Duque     

    Abstract     Several age-related changes that increase fall risk will be described. 
Changes in vision can result in impaired accuracy and sense of dimension. Changes 
in the vestibular system increase the response time to positional changes in older 
persons. Age-related muscle loss known as sarcopenia can lead to muscle weakness. 
The aging brain has a slower reaction time due to changes in intracerebral blood fl ow, 
neurotransmitter levels, cognitive impairment, and reductions in the neuron popula-
tion. The heart and blood vessels become stiffer and the heart fi lls with blood more 
slowly. Stiffer arteries are less able to expand and results in increases in blood pres-
sure. Orthostatic hypotension can be the result of the blunted vasoconstriction of 
stiffer blood vessels coupled with decreases in cardiac output. Medical comorbidities 
such as diabetes mellitus, dementia, Parkinson’s disease, cerebrovascular disease, 
congestive heart failure, and chronic kidney disease can contribute to increased fall 
risk. Some comorbidities can involve changes in muscle mass (secondary sarcope-
nia) and calciotropic hormones leading to weaker muscles and bones.  

6.1       Introduction 

 Falls in older persons are multifactorial. A combination of intrinsic and extrinsic fac-
tors affects the capacity of older persons to respond to changes in their interaction 
with the environment, thus inducing falls and predisposing them to injuries and death. 
Indeed, some of those intrinsic factors are associated with age-related physical and 
physiologic changes, which cannot be modifi ed but only managed. Additionally older 
people have concurrent comorbidities some of which impact on key body systems, 
which are required to maintain sensory and locomotor function, thereby increasing 

        G.   Duque ,  MD, PhD, FRACP     
  Australian Institute for Musculoskeletal Science (AIMSS), Melbourne Medical School – 
Western Campus ,  The University of Melbourne and Western Health , 
  176 Furlong Road, St. Albans ,  Melbourne ,  VIC   3021 ,  Australia   
 e-mail: gustavo.duque@unimelb.edu.au  

mailto:gustavo.duque@unimelb.edu.au


68

the risk of falling. Contrary to normal and age-related physical and physiologic 
changes, which are irreversible, the optimal medical management of comorbidities 
are pivotal and effective interventions that can decrease fall risk in older persons. 

 In this chapter, those age-related changes that increase fall risk will be reviewed. 
Interventions intended to manage those changes focusing on fall  prevention will be 
also reviewed. In addition, the impact of comorbidities will be considered from an 
intervention perspective intended to decrease their role in fall risk.  

6.2     Age-Related Physical and Physiologic Changes 

6.2.1     Sensory Changes 

 Locomotion and balance are essential components for mobility and independence 
and also to prevent falls in older persons. Balance disorders are considered a major 
risk factor for falling. Maintenance of balance involves a complex interaction 
between vision, vestibular function, proprioception, and other sensory functions [ 5 ]. 
With aging, and even in the absence of disease, visual accuracy is impaired with 
reduced capacity of accommodation and sense of dimension [ 1 ]. In addition, age- 
related changes in the vestibular system, mostly associated with the decreased 
mobility of the cilia within the utricle of the semicircular canals of the inner ear, 
increase the response time to positional changes in older persons. There is also age- 
related hearing loss due to sclerosis of the tympanic membrane. In addition, the 
brain may be impaired in its integration of normal afferent signals on vision, bal-
ance, and hearing or may not be able to adapt to the age-related changes or disease 
states affecting these sensory systems. These factors may all increase fall risk.  

6.2.2     Postural and Mobility Changes 

 Compared to younger adults, older adults tend to move their center of mass more 
(increased postural sway) when standing still. Postural changes can occur as a con-
sequence of age-related loss of lower limb muscle mass with resultant weakness. In 
addition, gait velocity becomes slower with age, a change that has been associated 
with poor outcomes, including falls, in older adults.  

6.2.3     Musculoskeletal Changes 

 Aging is closely associated with changes in the musculoskeletal system, which is usu-
ally considered physiologic until certain clinical thresholds are exceeded. The normal 
age-related muscle loss – also known as sarcopenia – becomes clinical relevant after 
having an impact on gait velocity and grip strength. Nevertheless, muscle loss even in 
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the absence of clinical criteria for sarcopenia is considered a risk factor for falls in 
older persons. Finally, in terms of the cartilage, age-related changes in the joints are 
associated with pain and stiffness, which can affect mobility and predispose to falls.  

6.2.4     Changes in the Brain and Nervous System 

 The aging brain shows a slower reaction time, which is due to multiple factors 
including decreased intracerebral blood fl ow, changes in neurotransmitter levels, 
cognitive impairment, and reductions in the neuron population. Together, these 
changes reduce the capacity to react to sudden environmental changes thus predis-
posing to falls.  

6.2.5     Changes in Heart and Blood Vessels 

 Under normal physiologic conditions, the older heart functions well and can pro-
vide adequate blood supply to tissues and organs. With aging the heart and blood 
vessels become stiffer and the heart fi lls with blood more slowly. The stiffer arteries 
are less able to expand when blood is pumped through them during each cardiac 
contraction and results in increases in blood pressure [ 3 ]. Conversely the blunted 
vasoconstriction of stiffer blood vessels coupled with decreases in cardiac output 
can predispose older people to orthostatic hypotension and falls when there are 
changes in blood volume such as with dehydration [ 15 ].  

6.2.6     Changes in Kidney Function and Urinary Tract 

 In theory, age-related changes in kidney and urinary tract function should not be 
associated with falls [ 6 ]. However, changes, such as a reduction in the maximum 
bladder capacity, shortening of the length of the urethra in postmenopausal women, 
and prostatic enlargement in men, could predispose to the symptoms of urinary 
frequency and nocturia [ 9 ]. A combination of impaired mobility, orthostatic hypo-
tension, and urinary frequency and nocturia has been associated with falls in older 
persons, sometimes in the absence of disease.   

6.3     Comorbidities and Falls in Older Persons 

 The comorbidities that predispose older persons to fall have been well described 
[ 11 ]. Identifi cation of these comorbidities and determining the impact of each on 
the risk of falls is an essential component of any fall prevention program. We will 
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review the comorbidities from a system-based perspective while taking into con-
sideration that some diseases could affect more than one system at the same time 
thus requiring a comprehensive assessment and care plan in order to reduce their 
impact on fall risk. 

6.3.1     Endocrine System 

 The presence of diabetes mellitus is considered a major risk factor for falls in older 
persons [ 7 – 8 ]. Diabetes is also a highly prevalent disease in older people. Poor gly-
cemic control has a negative effect on the neurosensory systems (impaired vision, 
the development of peripheral neuropathy, impaired proprioception, impaired brain 
circulation, etc.), which predisposes to falls. Diabetes mellitus also predisposes 
patients to cerebrovascular and cardiovascular disease, which can affect cognition, 
mobility, and vascular responsiveness. Optimizing glucose control and identifi ca-
tion of affected organs in diabetic patients should be a priority in any fall prevention 
program. 

 Hypothyroidism is another endocrine disease that frequently predisposes to falls. 
Hypothyroid patients have increased reaction times. Myxedema predisposes them 
to sarcopenia and weaker muscles. Low heart rate and poor cardiovascular response 
increase their risk of orthostatic hypotension and falls. 

 Finally, Addison’s disease could also be associated with falls due to changes in 
serum electrolytes, which can be associated with low blood pressure, delirium, and 
orthostatic hypotension.  

6.3.2     Central Nervous System 

 Three comorbidities in this system have been highly associated with fall risk in 
older persons: dementia, Parkinson’s disease, and cerebrovascular disease. Patients 
suffering from cognitive impairment, even at the mild cognitive impairment stage, 
are known to be at higher risk of falls. Use of cholinesterase inhibitors has been 
associated with improvement in gait and balance in those patients, resulting in 
reduced fall risk [ 12 ]. 

 Patients with Parkinson’s disease are at high risk of falls due to multiple changes 
associated with the disease. Postural instability is a common feature. Changes in 
gait and posture together with tremor predispose them to falls. Finally, the addi-
tional presence of orthostatic hypotension in these patients increases fall risk. Please 
refer to Chapter   11     on “Drugs for Neurologic Conditions: Antiparkinson 
Medications, Cholinesterase Inhibitors and Memantine” for a more detailed review 
of this topic. 

 Cerebrovascular disease is associated with falls for two reasons: (1) sequelae 
from cerebrovascular accident events, such as changes in muscle tone or strength or 
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dyscoordination of movement [ 4 ], could predispose to falls by directly affecting 
 mobility and reaction time and (2) cerebrovascular disease predisposes to the devel-
opment of vascular dementia, which is highly associated with fall risk [ 16 ].  

6.3.3     Cardiovascular System 

 Congestive heart failure is associated with high fall risk due to three major reasons: 
functional impairment related to fatigue or shortness of breath from heart failure, 
secondary muscle sarcopenia, and the side effects from medications used to manage 
this condition. 

 The assessment of functional changes and sarcopenia has become a common 
practice at heart failure clinics that focus on older patients. There is consensus that 
these patients require a comprehensive approach, which includes a multidisciplinary 
team and exercise programs focused on cardiac patients. These programs have dem-
onstrated to be effective in reducing the incidence of poor outcomes in heart failure 
patients, including falls. Medications for heart disease, which could increase fall 
risk, are reviewed in Chapter   12    , “Antihypertensives and Cardiovascular 
Medications.”  

6.3.4     Kidney and Urinary Tract 

 Older patients suffering from chronic kidney disease are at higher risk of falls due 
to changes in muscle mass (secondary sarcopenia) and alterations in the serum lev-
els of calciotropic hormones (vitamin D and parathyroid hormone [PTH]) usually 
associated with low renal function [ 13 ]. 

 Assessment for sarcopenia and measurement of serum levels of vitamin D and 
PTH is recommended [ 18 ]. While sarcopenia could be corrected by participating in 
an appropriate exercise program, serum levels of vitamin D could be normalized by 
appropriate supplementation, which is usually followed by normalization of serum 
PTH. Together, these interventions have been shown to reduce falls in this particular 
population.  

6.3.5     Sensory Systems 

 As previously mentioned, age-related visual and vestibular impairments predispose 
to falls by limiting the capacity to perceive and interact with stimuli from the envi-
ronment. Additional comorbidities that affect vision (e.g., cataracts, macular degen-
eration, etc.), hearing (otosclerosis), or vestibular function (positional vertigo, 
Meniere’s disease, etc.) would also increase fall risk.  
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6.3.6     Nutritional Defi cits 

 Vitamin D defi ciency, even in absence of kidney disease, has been associated with 
high fall risk. This state results in reduced muscle mass and function as well as 
changes in balance and gait velocity. Indeed, vitamin D supplementation has been 
shown to improve balance and muscle function thus reducing fall risk. 

 Vitamin B12 defi ciency has been associated with falls through three different 
mechanisms [ 14 ]. First, low levels of vitamin B12 lead to peripheral neuropathy, 
which results in proprioceptive sensory impairment. Second, it is associated with 
high levels of homocysteine, which is associated with the accelerated development 
of peripheral vascular disease. Finally, low vitamin B12 is also associated with cog-
nitive impairment. Alone or in combination, these abnormalities observed in vita-
min B12-defi cient patients predispose them to falling. Vitamin B12 supplementation 
can only partially correct peripheral neuropathy, can potentially normalize homo-
cysteine levels, and has not shown any therapeutic effect on cognitive decline. 

 Iron defi ciency is also associated with falls due to anemia [ 10 ], which is closely 
associated with sarcopenia. Although the mechanisms explaining this association 
remain unknown, it is proposed that anemia is secondary to sarcopenia and not the 
opposite. Nevertheless, a combination of exercise plus iron supplementation has 
demonstrated to decrease fall risk in these patients [ 17 ].  

6.3.7     Musculoskeletal Diseases 

 Osteosarcopenia, defi ned as a combination of osteopenia/osteoporosis and sarcopenia, 
corresponds to a subset of frailer older individuals at higher risk of falls and fractures 
[ 19 ]. Recent evidence has confi rmed a particular phenotype in osteosarcopenic subjects 
including higher fall risk, vitamin D defi ciency, high PTH, and higher prevalence of dis-
ability [ 20 ]. In the context of fall prevention, osteosarcopenic individuals should be 
treated by a multidisciplinary team and a specifi c care plan including osteoporosis treat-
ment (if required), exercise program, vitamin D supplementation, and nutritional sup-
plements [ 21 ]. 

 Additionally, osteoarthritis is an important and highly prevalent comorbidity that 
predisposes to falls in older persons by affecting their mobility and predisposing 
them to sarcopenia and frailty [ 2 ]. Optimal analgesia and nonpharmacological inter-
ventions (e.g., hydrotherapy) are the treatments of choice in these patients.   

6.4     Conclusion 

 Due to the multifactorial nature of falls, a comprehensive assessment should be 
performed in any older person considered at high risk of falling. This comprehen-
sive assessment should include the identifi cation of those age-related physical and 
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physiologic changes that, although normal, may predispose those people to falls. In 
addition, the impact of frequently multiple comorbidities on fall risk and the design 
of care plans targeting those comorbidities are essential components in any fall 
prevention programs for older persons.     
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    Chapter 7   
 Adverse Events and Falls                     

     Shirley C.C.     Huang       and     Alan     J.     Forster    

    Abstract     Falls are a leading cause of fatal and nonfatal unintentional injuries among 
older people. Adverse events are often due to errors that may be preventable and have 
been well documented in hospitalized patients, in home care, and in  nursing homes. 
Elderly patients are more vulnerable to sustaining an injury after an in- hospital fall, 
and these falls in general can be prevented. Medications are important risk factors for 
falls, and medication errors which result in falls are potentially preventable. Adverse 
drug events (ADEs) are defi ned as injuries resulting from medical intervention related 
to a drug. Older patients are four times as likely to develop ADEs as younger patients, 
and about half of ADEs are preventable. Falls may not only indicate the presence of 
“something wrong” in an older person (owing to the often multifactorial etiology of 
falls and atypical presentation of illnesses in the elderly), it can also signal a failure in 
the healthcare system resulting in decreased patient safety. Therefore, some falls in the 
geriatric population may be preventable. This chapter will present the total impact of 
falls and the role of medication use that contribute to falls. Understanding these fac-
tors is a crucial fi rst step toward successful prevention of falls.  
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  PFF    Proximal femoral fracture   
  RAI-HC    Resident assessment instrument for home care   
  SD    Standard deviation   
  WHO    World Health Organization   

7.1         Introduction 

 In “To err is human: building a safer health system” published by the Institute of 
Medicine, it was estimated that more people die as a result of medical errors in a 
given year than from motor vehicle accidents, breast cancer, or AIDS [ 1 ]. In addi-
tion, it pointed out that more people die of medication errors alone on a yearly basis 
than workplace injuries, highlighting it as an important source of error [ 1 ]. The 
report served to put the spotlight on the importance and impact of patient safety 
issues and made several recommendations that target various levels of the health-
care community with the goal of improving patient safety. Since the publication of 
this report, there has been growing research, quality improvement efforts, and fi nan-
cial commitment from governments and the healthcare community to improve the 
safety of healthcare [ 2 ]. As a result, we have a developing understanding of the 
nature of adverse events in various healthcare settings and patient populations and 
of the strategies that may decrease these events and improve patient safety. 

 As one of the top “Geriatric Syndromes,” falls have been well described in the litera-
ture as a leading cause of fatal and nonfatal unintentional injuries among people aged 
65 and over [ 3 ]. In “To err is human,” “safety” is defi ned as freedom from accidental 
injury [ 1 ]. As such, falls are clearly a safety issue in this population. When falls occur 
in the healthcare setting, they may constitute a patient safety concern and may be the 
result of an adverse event (AE) (i.e., injuries caused by medical management or com-
plication rather than by the underlying disease itself, and ones that result in either pro-
longed healthcare, disability at the time of discharge from care, or both [ 4 ]) (Fig.  7.1 ).

   This chapter will fi rst summarize the overall impact of falls in the elderly popula-
tion and in society as a whole and then provide an overview of the current literature 
on adverse events in general, adverse events in the elderly patient, and how falls and 
medications can play a role in resulting in adverse events in seniors.  

7.2     Falls: A Preventable Public Health Crisis 

 Up to 30 % of seniors experience one or more falls each year [ 5 ], and about 10–15 % 
of falls can lead to serious injuries such as hip fractures and head injuries [ 3 ]. Aside 
from physical injuries, falls can lead to loss of confi dence, reduced mobility and 
independence [ 6 ], admission to hospital [ 7 ], increased risk of admission to a nursing 
home [ 8 ] and even death [ 3 ]. As a result of these observations, falls in seniors are 
becoming an international challenge. 

 Falls in the elderly are a growing problem from the perspectives of their preva-
lence and their cost to seniors and society. With respect to prevalence, due to 
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advancements in medical sciences and improvements in social determinants of 
health, the numbers and proportions of older people are rising in most developed 
countries but also in many developing countries [ 3 ]. With increasing age, it has been 
shown that the relative rates of falls increased 5 % per year with cohort aging [ 9 ], 
and the higher rates of recurrent falling occur in the oldest-old (75 %) [ 10 ]. 

 With respect to costs, not only do falls result in serious negative consequences in 
the health of many seniors, they also result in considerable economic burden. In 
Canada, falls account for 85 % of seniors’ injury-related hospitalization, 95 % of all 
hip fractures, and $2 billion a year in direct healthcare costs [ 5 ]. In the United 
Kingdom (UK) in 1999, the rates of accident and emergency department attendance 
per 10,000 population for unintentional falls for those aged 60 and over and percent-
age admitted to hospital were 273.5 (12.6 %), and these numbers increase with 
increasing age [ 7 ]. The total cost of falls in the UK population aged 60 years and over 
was £981 million, and the highest overall cost component was attributed to inpatient 
admission, followed by long-term care [ 7 ]. In the United States (USA), about three-
fourths of deaths due to falls occur in the 13 % of the population 65 years and over, 
and of those admitted to hospital after a fall, only about 50 % will be alive in 1 year 
[ 11 ]. The fall-related costs have been estimated at 1.5 % of the total healthcare expen-
ditures in the USA, which corresponded to 0.2 % of the gross domestic product [ 12 ]. 

 There have been many studies published looking into falls prevention strate-
gies. Some studies have looked at the benefi ts of single interventions targeted 
toward specifi c fall risk factors (e.g., fi rst-eye cataract surgery decreases falls in 
the visually impaired elderly) and others looked at multifaceted interventions 
that target multiple risk factors [ 13 ]. Many interventions have been found to 
reduce falls. For instance, individualized multifactorial interventions have been 
shown to decrease fall rates by 25–31 % [ 13 ]. Therefore, even though falls are 
signifi cant problems for seniors and society in general, they are preventable to 
some degree, provided that appropriate evidence-based strategies are employed.  

7.3     Adverse Events in the General Population 

 AEs may be unavoidable risks that can be associated with healthcare management, 
but often they are due to errors that may be preventable, which if better understood, 
can become foci of healthcare quality improvement efforts to improve patient safety 

Adverse Events

Medication-
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Surgical safety

Hospital acquired
infections
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  Fig. 7.1    When falls occur 
in the healthcare setting, 
they may constitute 
adverse events       
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(see Very Important Point). This section will provide a brief overview of what is 
known about AEs in the general population. 

  Baker and colleagues published in 2004  The Canadian Adverse Events Study , 
where they sampled hospitals of various sizes across fi ve provinces in Canada, in 
order to describe the incidence of AEs in hospitals in this country [ 14 ]. Using the 
random sample chart review protocol developed by the Harvard Medical Practice 
Study published in 1991, Baker and colleagues [ 14 ] found that the AE rate was 
7.5 per 100 hospital admissions (95 % confi dence interval [CI] 5.7–9.3). Of the 
AEs, 36.9 % (95 % CI 32.0–41.8 %) were felt to be preventable, 20.8 % (95 % CI 
7.8–88.8 %) resulted in death, and of these 9 % were judged to have been pre-
ventable [ 14 ]. Therefore, the rate of preventable AEs across all hospitals studied 
was 2.8 per 100 admissions (95 % CI 2.0–3.6), and the rate of deaths from pre-
ventable AEs was 0.66 per 100 admissions (95 % CI 0.37–0.95) [ 14 ]. Not sur-
prisingly, they also found that those who had an AE were signifi cantly older than 
those who did not (64.9 vs. 62.0 years;  p  = 0.016) [ 14 ]. The rates of AE are some-
what comparable to those described in other countries, such as the reported 
10.8 % in hospitals in the UK [ 15 ] and 10.6 % in Australia [ 16 ]. Vincent and col-
leagues [ 15 ] also found that patients who had an AE in UK hospitals were statis-
tically signifi cantly older than those who did not have an AE (median age 68.5 
vs. 47.5,  p  < 0.001). Baker and colleagues [ 14 ] found that patients who had AEs 
had longer length of stay than those who did not suffer AEs, between 3.6 and 7.7 
extra days depending on the type of hospital. The most frequently occurring AEs 
were associated with surgical procedures, followed by drug- or fl uid-related 
event [ 14 ]. 

 AEs that occurred in the ambulatory care setting have also been described. 
Woods and colleagues [ 17 ] looked at those AEs that occurred in the outpatient 

 Very Important Point (VIP) 
  Common Adverse Events and Examples 

    1.    Adverse drug event:   For example, wrong dose of drug administered to 
patient resulting in morbidity   

   2.    Surgical adverse event:   For example, postoperative discovery of a surgical 
tool left inside the patient   

   3.    Hospital-acquired infections:   For example, patient developing urinary 
tract infection after insertion of a Foley catheter   

   4.    Diagnostic error:   For example, a diagnostic test performed on the wrong 
body part of the patient   

   5.    System problem:   For example, delays in elective surgery resulted in wors-
ening symptoms in patient while waiting for surgery     
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 setting and resulted in hospitalization. They reported that about 11.9 % of AEs that 
occur in this setting led to hospitalizations, and 49.7 % of these were preventable 
[ 17 ]. Most of the AEs and the preventable AEs occurred in the physician’s offi ce 
and the emergency department [ 17 ]. The preventable AEs reported in this study 
include diagnostics (36.0 %), surgery (24.1 %), nonsurgical procedures (14.0 %), 
medication (13.1 %), and therapeutic events (12.3 %) [ 17 ]. 

 Clearly, AEs in the general population are relatively common and potentially pre-
ventable in up to 50 % of the time. They occur in both inpatient and outpatient settings, 
may result in increased healthcare utilization, and are an international problem.  

7.4     Adverse Events in the Elderly 

 Looking at AEs in the elderly population, a review of the literature showed that 
there is a relative paucity of research specifi cally designed to study the epidemiol-
ogy of AEs in this group. Nonetheless, this section will summarize what is known 
about AEs in the elderly. 

 A systematic review published in 2013 by Long and colleagues attempted to 
look at studies that described AEs in older hospitalized medical patients [ 18 ]. 
They found that the AE rates in older people reported by large international 
adverse event studies that included patients of all ages were much lower (e.g., 
5.29 % reported by Sari and colleagues [ 19 ]) than those reported by studies that 
were carried out to specifi cally document AEs in older patients (e.g., 58 % found 
by Lefevre and colleagues [ 20 ]). This variation is thought to be caused by the 
methodological differences between these study types and the fact that those that 
have a primary focus on the geriatric population tend to include AEs that are more 
common and relevant to the geriatric patient such as delirium and falls [ 18 ]. 
Regardless of whether the studies were designed specifi cally to investigate AEs in 
the older patient population, the signal is clear indicating that increasing age is 
associated with increased risk of developing an AE during hospitalization inde-
pendently of disease severity and length of stay [ 18 ]. Aside from age, several 
other factors were found to be associated with statistically signifi cant increased 
risk of AEs in the elderly, and they include functional impairment/nursing home 
residence, comorbidity and illness severity, being of Afro-American ethnicity and 
male, and having a prolonged length of stay in the emergency department [ 18 ]. In 
addition, over 50 % of AEs experienced by hospitalized geriatric patients are 
judged to be possibly preventable in the study of Lefevre and colleagues [ 20 ]. 
Two studies reviewed found that development of an AE is associated with 
increased length of stay up to twice as long as an admission without AE [ 18 ]. The 
types of adverse events reported can range from “geriatric syndromes” (e.g., falls 
and delirium), which are less likely to be detected in traditional adverse event 
studies, to more conventionally reported adverse events such as hospital-acquired 
infections and adverse drug events [ 18 ]. 
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7.4.1     Adverse Events in the Home Care Setting 

 Two Canadian studies attempted to describe AEs among people of all ages who are 
recipients of formal or informal care at home [ 21 ,  22 ]. The data for these studies 
were gathered from available databases, including the Resident Assessment 
Instrument for Home Care (RAI-HC), Discharge Abstract Database (DAD), National 
Ambulatory Care Reporting System (NACRS), or Mental Health Reporting System 
(MHRS). In 2004–2005, the overall AE rate was 13.2 % [95 % CI 10.4–16.6 %] [ 21 ] 
and in 2008 and 2009, 12.72 % and 13.31 %, respectively [ 22 ]. The commonly docu-
mented AEs differed somewhat between these two studies, but the most common 
AEs in both studies were injurious falls and medication-related adverse events [ 21 , 
 22 ]. Sears and colleagues [ 21 ] found that three factors in home care clients were 
signifi cantly associated with the development of AEs: age over 65, living alone, and 
presence of communication diffi culties due to cognitive causes. Under one-third of 
AEs were thought to have occurred as a result of care provided by home care workers 
or informal caregivers (family members or friends), but in 52.6 % (95 % CI 40.1–
64.8 %) of AEs, self-care by clients was judged to have contributed to the AEs [ 21 ]. 
The latter point perhaps echoes the clients’ decreased ability to care for themselves 
safely. 32.7 % of AEs were judged to be preventable, and interestingly, no signifi cant 
differences were found in the preventability of AEs between those associated with 
care given by formal caregivers, informal caregivers, or by clients [ 21 ]. AEs in the 
home care setting are equally associated with deleterious consequences. Half of the 
AEs in the home care population studied resulted in moderate (recovery expected in 
1 or more months to permanent impairment with ≤50 % disability) to serious impair-
ment (permanent impairment with >50 % disability or death) [ 21 ].  

7.4.2     Adverse Events in Long-Term Care 

 The studies available mostly focused on individual specifi c types of AEs, such as 
various categories of injuries, skin tears, or adverse drug events. For instance, 
Gurwitz and colleagues [ 23 ] attempted to describe the full range of AEs that 
affect the elderly in a long-term care facility. They carried out a retrospective 
review of resident incident reports from September 1990 to August 1991 in a 703-
bed academic long-term care facility in the United States and found that 3,390 
AEs were reported during this 1-year study period. The mean age of the residents 
in this facility was 88.5 years [ 23 ]. Out of these AEs, the most frequently reported 
AEs were falls (52.2 %), followed by non-fall-related injuries (41.9 %), and med-
ication-related events (4.6 %) [ 23 ]. Van Gaal and colleagues [ 24 ] studied the con-
current incidence of pressure ulcers, urinary tract infections, and falls in 241 
nursing home residents. These residents had a mean age of 78 years (SD = 10.3) 
[ 24 ]. The overall incidence rate of AEs was 0.09 AEs per patient week (95 % CI 
0.08–0.1) [ 24 ]. 
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 Despite the relative paucity of studies targeting the elderly population, the avail-
able evidence already indicates that geriatric patients are particularly vulnerable to 
developing AEs in a variety of care settings. Similarly, AEs in this population are 
associated with increased morbidity and healthcare utilization, and some of them 
may be preventable. More studies specifi cally designed to study AEs relevant to the 
elderly population are needed.   

7.5     Falls: A Potentially Preventable Adverse Event 

 The elderly population is more susceptible to falls and sustaining injuries in the 
event of a fall compared to the younger population due to a higher prevalence of 
medical comorbidities (e.g., Parkinson’s disease and osteoporosis) and age-related 
physiological changes (e.g., changes in gait and balance). In the hospitalized elderly 
patients, this vulnerability is further amplifi ed by the exacerbation of chronic health 
conditions or development of a new illness, increased contact with more healthcare 
professionals (and hence to increased possibility of human errors), and increased 
exposure to healthcare interventions (e.g., new tests, procedures, medications, etc.). 
This section will explore what is known about falls as AEs in the elderly 
population. 

7.5.1     Rate of Falls as an AE in the Elderly 

 In English and Welsh hospitals, falls account for 32.3 % of all patient safety inci-
dents; most of these were in acute care hospitals [ 25 ]. The mean standardized 
rates of falls per 1,000-bed days range from 2.1 in mental health units to 8.4 in 
community hospitals, and 82.6 % of falls occurred in people 65 years of age and 
over and 67.5 % in those over 75 years old [ 25 ]. Not surprisingly, when compared 
with occupied bed days by age, those over 85 years of age are the most vulnerable 
group for falls [ 25 ]. Most of the falls did not result in any injury, roughly one-third 
resulted in minor harm and 5 % resulted in moderate harm (e.g., requiring surgery 
or prolonged stay in hospital), severe harm (brain damage or permanent disabil-
ity), or death [ 25 ]. In the USA, the fall rate has been reported as 3.56 falls/1,000 
patient days in 1 study and about 1 in 10 resulted in moderate injury, less than 1 in 
20 had major injuries (required surgery or neurology consult), and 2 in 1,000 
injurious falls caused death [ 26 ]. The highest total fall and injurious fall rates 
occurred in medical units and lowest in surgery units [ 26 ]. However, the propor-
tion of falls that occurred in patients 65 years and older was not reported in this 
study. In a German academic teaching hospital, the fall rate was reported as 10.0 
per 1,000 hospital days, and the mean age of the patients was 80.3 [standard 
deviation (SD) = 8.7] [ 27 ].  
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7.5.2     Vulnerability to In-Hospital Fall-Related Injuries 
and Poor Outcomes 

 Elderly patients are more vulnerable to sustaining an injury after an in-hospital 
fall. Some studies have shown that there is a 19 % increased risk of fall-related 
injury for each added decade of age [ 28 ]. Fall-related injuries have been shown 
to have more severe consequences in in-hospital fallers than in community fall-
ers. Murray and colleagues [ 29 ] collected data from hospital medical records and 
incident reports of all patients aged 75 and older who had falls resulting in a 
proximal femoral fracture (PFF) while hospitalized in one of nine public hospi-
tals in a region of Australia. These subjects were matched (according to gender, 
age, and fracture date) with subjects who were admitted to hospital but had sus-
tained their PFF after a fall in the community [ 29 ]. They found that the patients 
who sustained their PFF during a fall in hospital had a higher mean Charlson 
comorbidity index score owing to comorbidities acquired during their hospital 
stay [ 29 ]. They found that subjects with hospital-acquired PFF are more likely to 
die in the hospital ( p  = 0.03), to be discharged to long-term nursing care facilities 
( p  = 0.02), and less likely to return to preadmission activity of daily living status 
( p  < 0.001) and ambulation ( p  = 0.004) [ 29 ]. The median length of stay for this 
population was much longer, 46 days compared to 32 days for subject with PFF 
acquired in the community [ 29 ].  

7.5.3     Falls in Home Care and Long-Term Care Settings 

 One study found that injurious falls accounted for 24.6 % of AEs in home care cli-
ents in Ontario, Canada, and 40 % of these resulted in fractures and 60 % resulted in 
lacerations or tissue injuries [ 21 ]. In the nursing home setting, Gurwitz and col-
leagues [ 23 ] found that the most common AEs in their study in nursing home resi-
dents were falls, but the majority of falls did not result in any injury. They found that 
under one-third resulted in minor injuries and 3 % resulted in a fracture [ 23 ]. 
Interestingly, the annual incidence of falls per 100 beds in this study varied accord-
ing to resident care level and time of day. For instance, the rates were highest for 
semi-dependent (393 falls/100 beds) followed by dependent (269 falls/100 beds), 
and independent care residents (155 falls/100 beds) [ 23 ]. As for the association with 
time of day, the highest annual incidence rate of falls for semi-dependent residents 
occurred during the 6–8 am and the 6–8 pm time periods presumably when the 
highest density of care activities (e.g., assistance for transfers) were occurring [ 23 ]. 
In comparison, the highest incidence rate of falls for independent residents occurred 
during noon to 2 pm time period, likely when these residents are physically more 
active [ 23 ]. The former fi nding puts into question whether and how many of these 
falls during these times of potentially high care density would have been prevent-
able. Unfortunately the study did not attempt to address this important question. 
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The annual incidence of fall-related injuries also varied according to resident care 
level and time of day and mirrors the trend seen for falls [ 23 ]. Some studies have 
reported a higher hip fracture incidence in home care clients than that reported for 
other community-dwelling populations (24.4 per 1,000 person-years of follow-up 
vs. 5.7 per 1,000 person-years) [ 30 ,  31 ]. The hip fracture incidence in these home 
care clients was similar to that reported for nursing home residents (23.0 per 1,000 
person- years) [ 31 ]. These differences probably refl ect the inherent variation in the 
health and functional status among these geriatric populations. It is not diffi cult to 
infer that those seniors who require home care or nursing home residence likely 
have functional impairment for various reasons affecting their ability to live inde-
pendently, such as signifi cant medical comorbidities, impaired mobility, cognitive 
impairment, and more advanced age, all of which are also characteristics that have 
been shown in the literature to increase one’s risk for adverse events in care settings 
and falls.  

7.5.4     Fall Prevention in Healthcare Setting 

 Several studies have shown that falls in the acute care setting can be prevented [ 32 , 
 33 ]. For instance, von Renteln-Kruse and colleagues [ 27 ] looked at the effect of an 
inpatient fall prevention program on the incidence of falls and fall-related injuries. 
They showed that their prevention program was effective in reducing the rate of falls 
to 8.2 per 1,000 hospital days ( p  < 0.001) from 10.0 per 1,000 hospital days, indicat-
ing that falls are preventable [ 27 ]. Unfortunately the fall prevention program did not 
signifi cantly reduce the total number of injurious falls (26.9 % before and 27.6 % 
after introduction of prevention program) [ 27 ], perhaps indicating the inherent 
increased vulnerability of sustaining an injury after a fall in the hospitalized elderly. 
Another study found that a multi-intervention fall prevention program can decrease 
the number of falls by 30 % ( p  = 0.045) and fall-related injuries by 28 % when 
 compared to usual care in three subacute wards used for the rehabilitation and care 
of the elderly [ 34 ]. In care facilities, a Cochrane review found that multifactorial 
interventions can result in reduced rate of falls (rate ratio of 0.78, 95 % CI 0.59–
1.04) and risk of falling (risk ratio of 0.89, 95 % CI 0.77–1.02) in this setting after 
looking at pooled data from seven trials (2,876 participants), but this evidence was 
not conclusive [ 33 ]. However, using pooled data from fi ve studies (4,603 partici-
pants), vitamin D supplementation in care facilities has been shown to reduce the 
rate of falls (rate ratio of 0.63, 95 % CI 0.46–0.86) in elderly residents with vitamin 
D defi ciency [ 33 ]. 

 In summary, currently available literature has demonstrated that falls as AEs 
in the elderly population are common, potentially preventable, and result in more 
morbidity and higher healthcare utilization than falls that occur in the commu-
nity. These fi ndings further highlight the importance of falls in the healthcare 
setting as a signifi cant patient safety issue for geriatric patients and the health-
care system.   
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7.6     Adverse Drug Events and Falls 

 The risk factors for falls are often multifactorial, and they can be generally catego-
rized into intrinsic factors (e.g., age, neurocardiovascular conditions), which may be 
less modifi able, and extrinsic factors (e.g., use of high-risk medications such as 
benzodiazepines and antidepressants, environmental hazards), which may be modi-
fi able [ 35 ,  36 ,  37 ]. Medications are particularly important as risk factors for falls not 
only because they are modifi able but also because medication-related falls may be 
caused by medication errors and thus potentially preventable. Indeed, medication- 
related AEs are one of the most common AEs in hospitalized patients [ 14 ]. As a 
result, it is not diffi cult to imagine that a complex interplay between medications 
and falls may exist (Fig.  7.2 ). This section will examine what is known about 
adverse drug events and their relationship to falls in elderly patients.

7.6.1       Epidemiology of Adverse Drug Events 

 Adverse drug events (ADEs) are defi ned as injuries resulting from medical inter-
vention related to a drug [ 38 ]. Studies have shown that ADEs in care settings in the 
general population are common. In a prospective cohort study, Bates and colleagues 
found that in two tertiary care hospitals over a 6-month study period, ADE rates 
were 6.5 ADEs and 5.5 potential ADEs per 100 non-obstetrical admissions, and 
there were 7.3 preventable ADEs and potential ADEs combined per 100 admissions 
[ 38 ]. Up to 42 % of life-threatening and serious ADEs were deemed preventable 
[ 38 ]. Interestingly not all ADEs can be classifi ed as an adverse event as defi ned by 
the WHO, as they may not have resulted in “prolonged healthcare, disability at the 
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time of discharge from care or both” [ 4 ]. Bates and colleagues found that only 7.7 % 
of the ADEs met the WHO defi nition for AEs, and 37 % of these were preventable 
[ 38 ]. The most common drugs associated with ADEs in this study were analgesic 
drugs such as opioids (30 %) and antibiotics (24 %) [ 38 ]. With regard to preventable 
ADEs, 46 % were due to analgesics, sedatives, and antipsychotics combined, and 
the primary error occurred in the prescribing stage in nearly 50 % of events [ 38 ]. 
Classen and colleagues found that ADEs complicated 2.43 per 100 hospital admis-
sions in their study population [ 39 ]. Not only do ADEs and preventable ADEs 
increase length of stay (by 2.2 days and 4.6 days, respectively) [ 40 ], they also 
increase risk of death by 1.88 fold (95 % CI 1.54–2.22) [ 39 ] and lead to excess 
healthcare costs ($5.6 million due to ADEs and $2.8 million due to preventable 
ADEs for a 700-bed teaching hospital in the USA) [ 40 ].  

7.6.2     ADEs and the Falling Elderly Patient 

 Geriatric patients are four times as likely to develop ADEs as younger patients, and 
about 50 % of ADEs are preventable [ 41 ]. It is commonly recognized that the geri-
atric patient may not present typically when experiencing an ADE, but rather, the 
presence of an ADE may be heralded by the emergence of a “Geriatric Syndrome” 
such as falls or delirium [ 41 ]. Wierenga and colleagues studied geriatric patients 
newly admitted to a medicine ward during a study period of more than 3-years to a 
tertiary teaching hospital in Amsterdam and found that delirium was present at 
admission in 25.9 % of patients, a fall occurred prior to admission in 12 % of cases, 
and 5.4 % of patients had both. In their study, ADEs involving antidiabetics, antide-
pressants, antihypertensives, and antipsychotics were related to over 50 % of the 
falls [ 41 ]. Interestingly, in the multivariate logistic regression analysis, a preadmis-
sion fall and diuretic use were independently associated with an ADE-related hos-
pital admission [ 41 ]. Unfortunately, they did not comment on the preventability of 
the ADE- associated falls. Chan and colleagues from Australia carried out a prospec-
tive, cross-sectional study in an acute care hospital looking at ADEs as potential 
causes of unplanned hospital admissions for seniors and whether they might have 
been preventable [ 42 ]. They found that up to 30.4 % of admissions may have been 
due to ADEs, and of these 53.4 % were judged to be defi nitely preventable [ 42 ]. The 
most common ADEs were falls and falls associated with postural hypotension 
(24 %), followed by heart failure (16.8 %), and delirium (14.4 %) [ 42 ].  

7.6.3     ADEs and the Elderly in Ambulatory Care 

 Gurwitz and colleagues carried out a cohort study using all geriatric Medicare 
enrollees that attend a multispecialty group practice during a 1-year period [ 43 ]. 
They found that the overall rate of ADE was 50.1 per 1,000 person-years, and the 
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rate of preventable ADE was 13.8 events per 1,000 person-years [ 43 ]. Over one- 
third were deemed to be serious, life threatening, or fatal, and more of these were 
deemed preventable compared to those ADEs that were less severe [ 43 ]. The most 
common errors associated with preventable ADEs occurred during prescribing 
(58.4 %) and monitoring (60.8 %), and the most common drugs implicated in pre-
ventable ADEs were cardiovascular drugs (24.5 %) and diuretics (22.1 %) [ 43 ]. Of 
all the ADEs reported in this study, falls with or without injury accounted for 1.5 %, 
and more of them were deemed preventable than non-preventable [ 43 ].  

7.6.4     ADEs and the Elderly in Long-Term Care 

 Gurwitz and colleagues found that the annual incidence for adverse medication- 
related events in a single facility studied is 26 per 100 beds, and of these events, 
errors in dosing and administration were more prevalent than adverse drug reactions 
(72.2 % vs. 27.8 %), presumably indicating that most of these events might have 
been preventable [ 23 ]. Gurwitz and colleagues later published another study look-
ing at all long-term care residents in Massachusetts, which included 18 nursing 
homes, and the incidence of adverse drug events in a cohort study [ 44 ]. The mean 
age of the study population was 84 ± 9 years. They found that the rate of adverse 
drug events was 1.89 per 100 resident-months, and the rate of preventable adverse 
drug events was 0.96 per 100 resident-months. The rate of potential adverse drug 
events was 0.65 per 100 resident-months [ 44 ]. Seventy-two percent of the fatal, life- 
threatening, or serious adverse drug events were deemed preventable, and the pre-
ventable adverse drug events were more likely to result in disability when compared 
to non-preventable adverse drug events (relative risk = 2.4, 95 % CI 1.2–4.7, 
 p  < 0.01) [ 44 ]. Neuropsychiatric events (e.g., oversedation, delirium) were the most 
common types of both preventable and non-preventable adverse drug events, and 
falls occurred in 20 % of preventable adverse drug events but only 4 % of non- 
preventable events [ 44 ]. Once again, medication prescribing errors (68 %) and mon-
itoring errors (70 %) were the most common causes of preventable events [ 44 ]. 

 In summary, ADEs are relatively common, are preventable to some degree, and 
are associated with increased morbidity, mortality, and healthcare expenditure. Not 
only is the elderly population more likely to develop ADEs than other adults, ADEs 
can contribute to falls and thus to the negative consequences associated with falls in 
this population.   

7.7     Conclusion 

 Regardless of the contributing etiologies or the locations where they occur, falls 
pose a signifi cant challenge that is unique to the geriatric population, the people 
who care for them, and the healthcare system as a whole. The occurrence of falls 
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may not only indicate the presence of “something wrong” in an older person (owing 
to the often multifactorial etiology of falls and atypical presentation of illnesses in 
the elderly), it can also signal a failure in the healthcare system resulting in decreased 
patient safety especially when looking at the various roles medications and other 
care interventions can play in increasing fall risk. Furthermore, falls in the geriatric 
population may be preventable. The task to reduce fall risk and fall-related injuries 
is no small feat, but it is certainly a worthwhile challenge for care providers and 
policy makers. Understanding the total impact of falls and the roles healthcare inter-
ventions such as medications can play in contributing to falls in the elderly is a 
crucial fi rst step toward successful prevention of falls.     
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    Chapter 8   
 Risk Factors for Falls in the Elderly                     

     E.     Kwan      ,     S.     Straus     , and     J.     Holroyd-Leduc    

    Abstract     Falls can have signifi cant impact on older adults including fractures and 
decreased quality of life. Individuals who are 65 years and older have a 30 % chance 
of falling per year, and this increases up to 37 % in those 80 years or older. In the 
community-dwelling older adult, various risk factors can contribute to falling. This 
chapter reviews the literature on risk factors for falling. 

 This chapter focuses on high-quality systematic reviews including adults aged 
60 years and older. Reviews were assessed using A Measurement Tool to Assess 
Systematic Reviews (AMSTAR) and rated as high quality if they scored 7 or more out 
of 11. Thirteen systematic reviews were included. When assessing an older adult for 
falls, risk factors that encompasses extrinsic and intrinsic factors should be considered.  

   Abbreviations 

  ADL    Activities of daily living   
  AMSTAR    A measurement tool to assess systematic reviews   
  CI    Confi dence interval   
  OR    Odds ratio   
  RR    Relative risk   

8.1         Introduction 

 Falls cause serious injuries (e.g., fractures, brain contusions, subdural hematoma) 
and impact on quality of life for older adults [ 1 ,  2 ]. The defi nition of a risk factor for 
falling can be somewhat diffi cult to label. This can lead to problems in gathering 
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data on risk factors [ 3 ]. There is no convention in defi ning fall risk factors. Take the 
case of a stroke that results in a gait abnormality, which then leads to a fall [ 3 ]. 
Should both stroke and gait abnormalities be considered risk factors for falls [ 3 ]? 
Overall, this can lead to contradictory results given there are so many ways to mea-
sure and look at fall risk factors [ 3 ]. 

 One method to classify fall risk factors is to consider them as intrinsic or 
extrinsic. Intrinsic risk factors look at specifi c causes within an individual person, 
whereas extrinsic risk factors are those factors that are extrinsic to the individual 
[ 4 ]. Examples of intrinsic factors include age, gait and balance issues, and other 
neurological issues such as cognitive impairment. Extrinsic risk factors include 
medications and environmental hazards such as rugs and stairs [ 4 ,  5 ]. Extrinsic 
risk factors tend to be more modifi able. Another method for classifying fall risk 
factors includes the following categories: sociodemographic, balance/mobility, 
sensory/neuromuscular, psychological, medical, medications, and environmental 
factors [ 5 ]. 

 More than 100 risk factors for falls have been identifi ed in the literature. However, 
this chapter will focus on evidence-based risk factors that have been identifi ed in 
high-quality systematic reviews (defi ned as ≥7 on A Measurement Tool to Assess 
Systematic Reviews (AMSTAR)) [ 6 ].  

8.2     Search Strategy 

 A comprehensive search of the literature including MEDLINE, CINAHL, EMBASE, 
and COCHRANE was conducted from 2005 to March 2015. The following terms 
were used in the search: “falls,” “accidental falls,” “aged,” “geriatric,” “elderly,” 
“senior,” “old age,” “risk factor,” and “older adult.” Additional articles were identi-
fi ed through review of reference lists of included articles and discussions with 
experts. 

 Only systematic reviews were considered for inclusion. The specifi c inclusion 
criteria were as follows: patients with average age of 60 years and greater, descrip-
tion of a risk factor associated with falls, and English language publications, pub-
lished between 2005 and March 2015. 

 The systematic reviews on risk factors were assessed using the A Measurement 
Tool to Assess Systematic Reviews [ 6 ]. If multiple articles were identifi ed on a 
topic, only those that were rated as high quality (defi ned as a score of 7 or more out 
of 11) were included.  

8.3     Risk Factors of Falls 

 All risk factors mentioned in this chapter are also found in Table  8.1  and can be 
elicited in a comprehensive history with the patient.
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   Table 8.1    Risk factors for falls   

 Risk factors  Studies 
 Study 
quality 

 Number included 
(study design)  Results 

  Intrinsic risk factors  
 Age  Ganz 

et al. [ 3 ] 
 8  19,178 (prospective 

studies) 
 Three studies reported LR 
(11 studies found): 
 Risk was similar in two studies: for 
patients aged 65 through 74 years, 
the fall probability was 31–32 %; 
for those aged 70 through 74 years, 
22–33 %; for those aged 75 through 
79 years, 25–36 %; and for those 
80 years or older, 34–37 % 
 The third study found a statistically 
increased risk of falling at least 
once in the next 11 months among 
older patients (odds ratio per age 
category, 1.90;  P  0.001): aged 65 
through 69 years, the fall 
probability was 14 %; aged 70 
through 74 years, 16 %; aged 75 
through 79 years, 24 %; and aged 
80 years and older, 34 % 
 OR 1.00 (95 % CI, 1.00–1.01) and 
OR 0.86 (0.80–0.93) for 
multivariate analysis – in nursing 
home residents 
 OR 1.04 (95 % CI, 1.01–1.06) (for a 
5 year increase in age of hospital 
inpatient) and OR 1.06 (95 % CI, 
1.00–1.13) in the multivariate 
analysis subgroup 

 Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 Sex (female)  Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 OR 1.00 (0.85–1.17) – nursing 
home residents 
 OR 0.84 (0.64–1.11) overall, OR 
0.72 (0.37–1.40) multivariate 
analysis – hospital inpatient 

 Previous 
falls 

 Ganz 
et al. [ 3 ] 

 8  19,178 (prospective 
studies) 

 4 studies reported LR (11 studies 
found in total): fall in the past year 
(LR range, 2.3–2.8) 

 Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 OR 3.06 (95 % CI, 2.12–4.41) (in 
nursing home residents) 
 OR 2.85 (95 % CI, 1.14–7.15) and a 
multivariate subgroup 
 OR 3.74 (95 % CI, 1.48–9.42) – 
hospital inpatients 

(continued)
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Table 8.1 (continued)

 Risk factors  Studies 
 Study 
quality 

 Number included 
(study design)  Results 

 Balance 
impairment 

 Muir 
et al. [ 9 ] 

 8  60,602 (prospective 
studies) 

 Overall fall risk of OR of 1.98 
(1.60, 2.46) 

 Gait and 
impairment 
of walking 
diffi culty 

 Ganz 
et al. [ 7 ] 

 8  19,178 (prospective 
studies) 

 4 studies reported LR (15 studies 
found): clinically detected 
abnormality of gait or balance (LR 
range, 1.7–2.4) 

 Functional 
limitations, 
ADL 
disabilities 

 Ganz 
et al. [ 7 ] 

 8  19,178 (prospective 
studies) 

 2 studies reported LR (10 studies 
found): 
 Inability to rise from a chair of knee 
height without using the chair arms 
was associated with an increased 
risk of 1 or more falls among men 
(LR 4.3; 95 % CI, 2.3–7.9) 
 5 or more of 11 physical 
impairments (mostly activities of 
daily living) was associated with an 
increased risk of 1 or more falls 
(LR 1.9; 95 % CI, 1.4–2.6) 

 Functional 
limitations, 
ADL 
disabilities 

 Bloch 
et al. [ 10 ] 

 8  19,178 (RCT, 
observational 
studies (included 
cohort studies, 
case-control 
studies, and 
cross-sectional 
studies)) 

 OR 2.26 (95 % CI, 2.09, 2.45) for 
disturbance in ADL and OR 2.10 
(95 % CI, 1.68, 2.64) for IADL 

 Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 Moderate disability: OR 1.67 (95 % 
CI, 1.00–2.80) – nursing home 
residents 

 Medical 
condition 

 Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 OR 2.08 (95 % CI, 1.88–2.31) – in 
nursing home residents 

 Parkinson’s 
disease 

 Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 OR 1.65 (95 % CI, 1.10–2.47) 
overall and 2.48 (95 % CI, 
1.09–5.62) multivariate – nursing 
home residents 

(continued)
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Table 8.1 (continued)

 Risk factors  Studies 
 Study 
quality 

 Number included 
(study design)  Results 

 Cognitive 
impairment 

 Ganz 
et al. [ 3 ] 

 8  19,178 (prospective 
studies) 

 2 studied reported LR (8 studies 
found): 
 One study found that 5 or more 
errors on the Short Portable Mental 
Status Questionnaire was associated 
with 1 or more falls (LR 4.2; 95 % 
CI, 1.9–9.6) 
 Other study reported that a history 
of dementia was associated with 1 
or more falls (LR 17; 95 % CI, 
1.9-149) and with 2 or more falls 
(LR 13; 95 % CI, 2.3–79) 
 OR 1.20 (95 % CI, 0.52–2.79) – in 
nursing home residents 
 OR 1.52 (1.18–1.94) overall, OR 
1.65 (1.25–2.18) multivariate – in 
hospital inpatient 

 Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 Stroke  Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 OR 0.93 (0.81–1.07) – in nursing 
home residents; not signifi cant 

 Incontinence  Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 OR 1.28 (0.95–1.71) and OR 2.00 
(1.27–3.14) for multivariate in 
nursing home residents 

  Extrinsic risk factors  
 Depression  Kvelde 

et al. [ 11 ] 
 8  21,455 (in all 25 

studies) 
 14 studies: (OR 1.46; 95 % CI, 
1.27–1.67) of increased falls in 
higher level of depressive 
symptoms 

 Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 OR 1.21 (0.85–1.72) – in nursing 
home residents 

 Visual 
impairment 

 Ganz 
et al. [ 3 ] 

 8  19,178 (prospective 
cohort studies) 

 OR 1.6–2.0 range but no other 
results 

 Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 OR 1.29; 95 % CI, 0.89–1.85 – for 
nursing home residents; not 
signifi cant 

(continued)
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Table 8.1 (continued)

 Risk factors  Studies 
 Study 
quality 

 Number included 
(study design)  Results 

 Home 
hazards 

 Letts 
et al. [ 1 ] 

 7  25,145 (cross- 
sectional and 
cohort studies) 

 Home hazards (i.e., bathroom, 
environmental – indoor and 
outdoor, various list of hazards) 
 OR 1.15, 95 % CI, 0.997–1.36 
 High-quality studies only: OR 1.38 
(95 % CI, 1.03–1.87) 
 Use of mobility aids signifi cantly 
increased fall risk in community 
(OR 2.07; 95 % CI,1.59–2.71) 
 Institutional (OR 1.77; 95 % CI, 
1.66–1.89) 

 Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 Use of walking aid: OR 2.08 
(1.88–2.31) overall and OR 1.67 
(1.00–2.80) for the multivariate 
subgroup – for nursing home 
residents 

 Being 
married 

 Bloch 
et al. [ 10 ] 

 8  19,178 (RCT, 
observational 
studies (included 
cohort studies, 
case-control 
studies, and 
cross-sectional 
studies)) 

 OR 0.68 (95 % CI, 0.53–0.87) – 
protective against falling 

 Low 
education 
level 

 Bloch 
et al. [ 10 ] 

 8  19,178 (RCT, 
observational 
studies (included 
cohort studies, 
case-control 
studies, and 
cross-sectional 
studies)) 

 OR 0.97 95 % CI, (0.83–1.13) – not 
signifi cant 

 Married 
status 

 Bloch 
et al. [ 10 ] 

 8  19,178 (RCT, 
observational 
studies (included 
cohort studies, 
case-control 
studies, and 
cross-sectional 
studies)) 

 OR 1.04 (95 % CI, 0.94–1.15) – not 
signifi cant 

 Confi ned to 
bed 

 Bloch 
et al. [ 10 ] 

 8  19,178 (RCT, 
observational 
studies (included 
cohort studies, 
case-control 
studies, and 
cross-sectional 
studies)) 

 OR 0.92 (95 % CI, 0.70–1.20) – not 
signifi cant 

(continued)
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Table 8.1 (continued)

 Risk factors  Studies 
 Study 
quality 

 Number included 
(study design)  Results 

 Orthostatic 
hypotension 

 Ganz 
et al. [ 3 ] 

 8  19,178 (prospective 
studies) 

 4 studies found no association when 
other risk factors were considered. 
One study found a weak association 
between an increased pulse rate of 
less than 6 per minute, measured 
30 s after standing up predicts falls 
(LR 1.4; 95 % CI, 1.0–1.9) 

 Angelousi 
et al. [ 12 ] 

 8  117,398 (28 
prospective studies) 

 Insuffi cient data to assess the 
association of orthostatic 
hypotension with falls 

 Pain  Stubbs 
et al. [ 13 ] 

 9  9,581 (in the 
meta-analysis) 

 cixRecurrent falls with pain: OR 
2.04 (95 % CI, 1.75–2.39) 
 Comparison of fallers to non-fallers 
OR 2.18 (95 % CI, 1.26–1.64) with 
odds higher in single fallers than 
non-fallers 

 Wandering  Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 OR 1.87 (95 % CI,1.68–2.09) – 
nursing home residents 

 Dizziness  Deandrea 
et al. [ 7 ] 

 7  Varied sample size 
of 215–34,163 
(prospective 
studies) 

 OR 1.52 (95 % CI, 1.33–1.74) – 
nursing home residents 

8.3.1       Age 

 Increasing age has been associated with falls. One review found two studies where 
those who are 65–74 years of age have a fall probability of 31–32 %, while those 
who are 80 years old or older have a fall probability of 34–37 % [ 3 ]. Among patients 
in acute care hospitals, for each 5 year increase in age, there was an increase in risk 
of falls (odds ratio (OR) 1.04 (95 % confi dence interval (CI), 1.01–1.06)) [ 7 ]. 
However, among individuals living in nursing homes, there was no signifi cant asso-
ciation between age and falls (OR 1.00 (95 % CI, 1.00–1.01)).  

8.3.2     Sex 

 Sex does not appear to be a risk factor for falls. In both nursing home and acute care 
hospitals, there was no association between falls and sex (female versus male) with 
OR 1.00 (95 % CI, 0.85–1.17) for nursing home residents and OR 0.84 (95 % CI, 
0.64–1.11) for hospitalized inpatients [ 7 ].  
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8.3.3     History of Falls 

 Previous falls have been shown to be associated with future falls. A fall in the last 
year can increase the risk of other falls in the next year [ 3 ]. Both nursing home 
residents and hospitalized inpatients with a history of falls were more likely to fall 
in the future (OR 3.06 (95 % CI, 2.12–4.41); OR 2.85 (95 % CI, 1.14–7.15), 
respectively) [ 7 ].  

8.3.4     Functional Impairment 

 Functional impairment is associated with falls. Impairment is defi ned as any abnor-
mality, partial or complete loss, or loss of the function of a body part, organ, or 
system. This impairment may be due directly or secondarily to pathology or injury 
and may be either temporary or permanent [ 8 ]. For example, balance impairment is 
associated with increased risk of falls (OR 1.98 (95 % CI, 1.60–2.46)) [ 7 ,  9 ]. The 
results are found in those with inability to rise from a chair of knee height [ 7 ]. 

 Dependence in basic activities of daily living (defi ned as one or more basic ADL) 
or instrumental activities of daily living (defi ned as one or more instrumental ADL) 
is associated with falls (OR 2.26 (95 % CI, 2.09–2.45) for ADL; OR 2.10 (95 % CI, 
1.68–2.64) for IADL) [ 10 ]. Overall, moderate disability is signifi cantly associated 
with falls in nursing home residents (OR 1.67 (95 % CI, 1.00–2.80)) [ 7 ].  

8.3.5     Medical Conditions 

 Having any medical condition can increase risk of falls in nursing home residents 
(OR 2.08 (95 % CI, 1.88–2.31)) [ 7 ]. However, the systematic review did not clarify 
what medical conditions were incorporated in this conclusion. Neither stroke (OR 
0.93 (95 % CI, 0.81–1.07)) nor incontinence (unsure whether it is fecal and/or uri-
nary; OR 1.28 (95 % CI, 0.95–1.71)) has not been found to be associated with falls in 
the nursing home population [ 7 ]. In contrast, Parkinson’s disease has been found to 
be associated with falls among nursing home residents (OR 1.65 (95 % CI, 1.10–
2.47)) [ 7 ].  

8.3.6     Cognitive Impairment 

 Cognitive impairment was not found to increase risk of falls in nursing home resi-
dents (OR 1.20 (95 % CI, 0.52–2.79)), but was found to be associated with falls in 
hospitalized inpatients (OR 1.52 (95 % CI, 1.18–1.94)) [ 7 ].  
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8.3.7     Depression 

 Patients with a higher number of depressive symptoms (various measures used with 
different cutoffs for highest level of depressive symptomatology including Center 
for Epidemiologic Studies Depression Scale, Minimum Data Set for Home Care, 
Mental Health Inventory, Montgomery-Asberg Depression Rating Scale, Outcome 
and Assessment Information Set, Symptom Checklist, Cornell Scale, and Geriatric 
Depressions Scale) have increased fall risk (OR 1.46 (95 % CI, 1.27–1.67) or rela-
tive risk (RR) 1.5 (95 % CI, 1.19–1.84)) compared to those with fewer symptoms 
[ 11 ]. However, depression does not appear to be associated with falls in the nursing 
home population (OR 1.21 (95 % CI, 0.85–1.72)) [ 7 ].  

8.3.8     Visual Impairment 

 There is a trend for a higher risk of falls in community-dwelling older adults with 
visual impairment compared to those without (OR range from 1.6 to 2.0) [ 3 ]. However, 
a recent article looking at nursing home residents found that visual impairment does 
not signifi cantly increase the risk of falls (OR 1.29 (95 % CI, 0.89–1.85)) [ 7 ].  

8.3.9     Home Hazards 

 Environmental hazards such as those found indoors (e.g., bathroom, stairs) are poten-
tial risk factors for falls (OR 1.15 (95 % CI, 0.997–1.36)) [ 1 ]. The use of gait aids by 
older people signifi cantly increased fall risk in community-dwelling (OR 2.07 (95 % 
CI, 1.59–2.71)) and nursing home residents (OR 2.08 (95 % CI, 1.88–2.31)) [ 1 ,  7 ].  

8.3.10     Orthostatic Hypotension 

 One review found no association when other risk factors were considered [ 3 ]. Another 
review that was solely looking at orthostatic hypotension found insuffi cient data to 
assess whether there is an association between orthostatic hypotension and falls [ 12 ].  

8.3.11     Pain 

 Pain appears to be a risk factor for falls, both in recurrent (two or more falls over at 
least 12 months) fallers (OR 2.04 (95 % CI, 1.75–2.39)) and those who suffered 
only a single fall (OR 2.04 (95 % CI, 1.75–2.39)) [ 13 ].  
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8.3.12     Medications 

 Medications will be discussed more in-depth elsewhere in this book. However, vari-
ous high-quality reviews have shown that several medications may increase risk of 
falls. One review found signifi cantly more falls in women taking four or more medi-
cations (likelihood ratio (LR) 1.9 (95 % CI, 1.4–2.5)) but not in men, possibly due 
to a smaller sample of men in the studies [ 3 ]. High-risk medications include antide-
pressants (OR 1.68 (95 % CI, 1.47–1.91)), diuretics (OR 1.07 (95 % CI, 1.01–1.14)), 
narcotics (OR 0.96 (95 % CI, 0.78–1.18)), NSAIDs (OR 1.21 (95 % CI, 1.01–1.44)), 
neuroleptics and antipsychotics (OR 1.59 (95 % CI, 1.37–1.83)), benzodiazepines 
(OR 1.57 (95 % CI, 1.43–1.72)), and sedatives and hypnotics in general (OR 1.47 
(95 % CI, 1.35–1.62)) [ 14 ,  15 ]. The risk of falling with antihypertensive medica-
tions is less clear. Some studies have found antihypertensive agents (OR 1.24 (95 % 
CI, 1.01–1.50)) and β-blockers specifi cally (OR 1.01 (95 % CI, 0.86–1.17)) to be 
risk factors [ 14 – 16 ]. However, in another high-quality systematic review, none of 
the antihypertensive medications evaluated showed an association with falling [ 17 ]. 
These confl icting results may have been related to differences in the study designs 
included, the antihypertensive medication included, the confounders adjusted, and 
drug dosages and duration of use [ 17 ]. 

 Other medications that may contribute to falls include cholinesterase inhibitors 
and memantine [ 18 ].   

8.4     Chapter Summary 

 Falls can cause many adverse health outcomes, and as such potentially modifi -
able risk factors should be considered and addressed to decrease an individual’s 
risk of falling. In general, a complete history and physical examination are 
needed in order to consider all appropriate risk factors as discussed above. There 
may be other risk factors to consider, but the high-quality reviews included in 
this chapter did not look at them (e.g., poor foot care, footwear, hearing prob-
lems, ethnicity, income) [ 4 ]. Frailty overall may be a risk factor, but we found no 
data to specifi cally support this. Further confi rmation of other risk factors associ-
ated with falls is still needed to be studied to provide strong quality evidence of 
these other risk factors. 

 The conclusions concerning medication-related falls found in the high-quality 
reviews that are reported in this chapter may not consistently support those reported 
in the other chapters in this book. These discrepancies illustrate the complexity and 
inhomogeneity of the syndrome of falls in older people and its study.     
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    Chapter 9   
 Psychotropic Drugs                     

     Andrea     Iaboni       and     Benoit     H.     Mulsant    

    Abstract     Available evidence suggests that antidepressants, antipsychotics, lithium, 
and antiepileptic drugs can increase the risks for falls and fractures in older adults. 
However, the relationship between falls and psychotropic medications is complex 
because the mental disorders treated with these psychotropic medications and their 
comorbidities are themselves signifi cant and independent risk factors for falls. 
Thus, fall risk by itself is not a contraindication for the use of psychotropic medica-
tions in an older frail patient. Nevertheless, clinicians need to prescribe these medi-
cations judiciously and to follow principles of conservative prescribing to minimize 
the risk for falls. While some psychotropic medications may have a direct effect on 
balance, most falls and fractures are related to other side effects, in particular, ortho-
static change in blood pressure, pro-arrhythmogenic effects, extrapyramidal symp-
toms (including Parkinsonism and akathisia), sedation, and cognitive impairment. 
Thus, careful selection of specifi c medications based on their differential side effect 
profi le and monitoring of adverse effects is mandatory. Close monitoring is particu-
larly important during the fi rst few days or weeks after starting a new psychotropic 
medication or after a dose increase.  
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  AED    Antiepileptic drug   
  AGS    American Geriatrics Society   
  aRR    Adjusted relative risk   
  CI    Confi dence interval   
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  DEXA    Dual-energy x-ray absorptiometry   
  EPS    Extrapyramidal signs and symptoms   
  OR    Odds ratio   
  PIM    Potentially inappropriate medications   
  SSRI    Selective serotonin reuptake inhibitors   
  TCA    Tricyclic antidepressants   
  TD    Tardive dyskinesia   

9.1         Introduction 

 The relationship between falls and the use of psychotropic medication is complex: 
they are both highly prevalent in older adults and share a number of common risk 
factors (e.g., medical comorbidity, cognitive impairment). The underlying mental 
health problems for which psychotropic medications are prescribed can themselves 
be risks for falls. Thus, clinicians face a dilemma when they decide to prescribe 
psychotropic medications to older adults. This chapter reviews the magnitude and 
nature of the risk for falls associated with the use of psychotropic medication and 
discusses ways to moderate this risk. 

 The simplest way to prevent psychotropic-related falls is to avoid using psycho-
tropics. Thus, a fundamental premise underlying this chapter is that for most mental 
health problems in later life, psychotropic medications should be used as a fi rst-line 
intervention only when symptoms are severe, highly distressing, or dangerous. The 
evidence supporting the use of antidepressants for mild depression, sadness related 
to normal bereavement, or adjustment disorders is poor. Antipsychotics should not 
be used to treat sleep disturbances or mild behavioral symptoms associated with 
dementia. For many of these symptoms, non-pharmacologic interventions (brief 
individual psychotherapy, group programs, increased physical and social activity) 
are effective in promoting mental health in older adults, and they should be consid-
ered prior to initiating pharmacotherapy. 

 The rest of this chapter discusses the relationship between falls and antidepres-
sants, antipsychotics, lithium, or antiepileptic drugs.  

9.2     Antidepressants 

 Antidepressants are commonly prescribed in the elderly: about 19 % of older 
American females and 9 % of older American males are taking an antidepressant 
[ 73 ]. Thus, given this high prevalence of antidepressant use, even a small increase in 
the risk of falls would result in a large number of falls. It has been estimated that 
antidepressant use contributes to about 7 % of hip fractures in the United States [ 82 ]. 

 There are a number of common on- and off-label uses for antidepressants, includ-
ing the treatment of mood and anxiety disorders, pain disorders, sleep problems, 
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and behavioral symptoms associated with dementia. Seniors facing these mental 
health problems tend to be older, be frailer, and have more cognitive and medical 
issues including a higher baseline history of falls [ 2 ,  7 ,  50 ,  95 ]. Thus, older adults 
who receive antidepressants overlap those who are most vulnerable to falls. That 
being said, the association between falls and antidepressants is stronger than the 
association between falls and antihypertensives or beta-blockers, two classes of 
drugs commonly prescribed to frail, medically complex elderly, that are perceived 
as having a high risk for falls [ 100 ]. 

 In response to the evidence linking falls to antidepressants, the American 
Geriatrics Society (AGS) Beers criteria categorize (with high quality of evidence 
and strong recommendations) selective serotonin reuptake inhibitors (SSRIs) as 
potentially inappropriate medications (PIMs) for older adults with a history of falls 
or fractures [ 1 ]. Tricyclic antidepressants have long been considered PIMs for all 
older adults given their anticholinergic and cardiac side effects [ 1 ]. At present, other 
antidepressants have not been designated as PIMs due to lack of evidence of harm 
rather than evidence of safety in regard to falls. 

9.2.1     Epidemiology of Antidepressant-Related Falls 

 Most of the evidence linking antidepressants to falls is observational in nature. They 
are thus subject to “confounding by indication,” that is, confounding by the clinical 
condition for which the drug is prescribed. The strength of the association between 
antidepressants and falls is largely dependent on the population which is studied 
(community vs. nursing home), adjustment for confounders, the classes of antide-
pressants studied, and the study outcome measure (i.e., falls or fall-related injuries 
such as hip fractures) as has been comprehensively reviewed by Gebara et al. [ 30 ]. 
The odds ratio (OR) for a patient on antidepressants versus not on antidepressants  
experiencing a fall is 1.68 (95 % CI: 1.47–1.91) [ 110 ]. This is comparable to the fall 
risk associated with benzodiazepine and antipsychotic use. 

 Evidence related to class of antidepressant and risk for falls is mixed. Most stud-
ies have compared SSRIs and tricyclic antidepressants (TCAs), while a few studies 
have not been clear about which “antidepressants” they are examining. SSRIs have 
fewer fall-promoting side effects compared to older antidepressant drugs and would 
be expected to have less risk of falls. However, although some studies have found 
TCAs to be a higher risk [ 77 ], the fall risk associated with SSRIs and TCAs is com-
parable [ 24 ,  40 ]. A likely explanation for this fi nding is allocation bias: SSRIs are 
more likely than TCAs to be prescribed to those most likely to fall. A case-control 
study found that the risk associated with serotonin-norepinephrine reuptake inhibi-
tors (SNRIs such as venlafaxine and duloxetine) is equivalent to that of TCA and 
SSRI [ 34 ]. Trazodone use in low doses in the context of long-term care has also 
been associated with falls [ 99 ]. There is little data about whether there are  differences 
between individual SSRIs although one study found that they were all similar in risk 
[ 17 ]. In this study, mirtazapine was associated with a small increased risk of falls, 
although less so than SSRIs [ 17 ]. Little is known about the risk of bupropion. In one 
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prospective study, bupropion combined with paroxetine was associated with a high 
rate of falls [ 44 ]; it is unclear if this was related specifi cally to bupropion or to its 
use in combination with paroxetine and the resulting drug-drug interaction. 

 The highest risk for falls and injuries is within the fi rst few weeks after initiation 
of an antidepressant [ 3 ,  34 ,  40 ,  77 ,  99 ]. Several studies have also demonstrated that 
the risk for falls and injury have a relationship with medication dosage [ 8 ,  17 ,  99 ]. 

 Several large epidemiological studies have also examined the outcome of inju-
ries that are fall related, such as fragility fracture. In an uncontrolled longitudinal 
study, the attributable risk due to antidepressants was 4.7 % of hip fractures [ 3 ]. The 
risk of hip fracture does not appear to differ among different classes of antidepres-
sants [ 57 ]. However, there is concern that chronic use of SSRIs and other serotoner-
gic drugs may contribute to the risk of fractures through their direct effects on bone 
metabolism [ 22 ,  29 ,  83 ,  91 ].  

9.2.2     Potential Mechanisms of Antidepressant-Related Falls 
and Fractures 

 Depression is an important risk factor for falls independent of antidepressant use 
[ 48 ,  109 ]. Like falls, depression is common in old age, with 15 % of community- 
dwelling seniors reporting clinically signifi cant depressive symptoms [ 6 ,  69 ]. The 
relationship between depression and falls is complex and bidirectional (see Fig.  9.1 ). 
Some symptoms of depression may have a direct role in promoting falls, for exam-
ple, insomnia [ 97 ] or poor nutrition [ 90 ]. Cognitive changes are also associated with 
depression in late life, in particular changes in attention, executive function, and 
processing speed [ 32 ,  63 ]. These cognitive domains are important in gait coordina-
tion and attention to the environment and thus may mediate some of the effect of 
depression on falls. Depression-associated gait disturbances, such as increased gait 
variability, are also associated with falls [ 36 ,  37 ,  60 ,  64 ]. “Vascular depression” is 
an increasingly recognized phenomenon that describes an accumulated burden of 
cerebrovascular disease associated with depression, cognitive impairment, frailty, 
and changes in balance and gait in late life [ 35 ].

   Depression and falls may be mutually reinforcing phenomena. Depressive symp-
toms are particularly high in those who are recurrent fallers [ 95 ]. In a prospective 
study over an 8-year period, increase in depressive symptoms was associated with 
an increased rate of falls [ 2 ]. Activity restriction and decreased social participation 
can be a complication of recurrent falls [ 65 ]: the resulting social isolation is known 
to be a signifi cant risk factor for depression in the elderly [ 107 ]. 

 Multiple antidepressant-related side effects have been implicated in falls 
(Table  9.1 ). In a study of paroxetine, 38 % of subjects fell during the 21-week trial. 
Memory impairment at baseline and orthostatic changes in blood pressure during 
treatment were associated with falls [ 44 ]. Hyponatremia is a common and poten-
tially serious adverse event complicating the use of SSRIs in the elderly [ 26 ], and it 
has been implicated in fractures in a small case-control study [ 87 ].
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Depression Falls

Fear of falling
Executive dysfunction
Cognitive impairment

Impaired balance
Sedation
Orthostatic changes
Hyponatremia

Injury
Disability
Fear of falling

Impaired sleep
Nutritional status
Gait changes

Movement disorders
Cardiac changes
Anticholinergicity
Drug interactions

Depression-related factors

Antidepressant-related factors

Common risk factors
Chronic medical illness
Cognitive impairment
Functional disability

History of falls

Consequences of falls

Avoidance behaviours
Social Isolation

  Fig. 9.1    The complex relationships between depression, antidepressant use, and falls (Reproduced 
with permission from [ 42 ])       

   Antidepressants may also directly impair postural control [ 115 ]. In healthy 
volunteer studies, only amitriptyline has shown an immediate effect on postural 
control after a single dose. However, increased postural sway was noted in 
depressed patients in the fi rst week of treatment with sertraline when compared 
to nortriptyline or controls [ 49 ]. In a similar study, there was no change in 
 balance over the course of 6 weeks of treatment with paroxetine or nortripty-
line [ 61 ]. More studies are needed in this area to examine the effects of 
 commonly used antidepressants in the period of highest risk for falls: the fi rst 
few weeks of use. 

 A recent analysis compared different SSRI drugs for the side effect of “dizziness” 
in older adults [ 101 ]. Venlafaxine and duloxetine had a signifi cantly greater risk of diz-
ziness than placebo, while sertraline did not differ from placebo and other antidepres-
sants trended towards being associated with a higher rate of dizziness than placebo. 

 Gagne et al. [ 28 ] compared incidence of fractures with antidepressants affi nity 
for the serotonin transporter (5HTT) and their sedating potential. While the inci-
dence of fractures increased with sedating potential for antidepressants with weaker 
5HTT affi nity, in the group with higher 5HTT affi nity, low sedating potential was 
associated with fractures. 

 Many antidepressants have anticholinergic side effects that may impact on 
cognitive function and hence increase risk of falls (Table  9.1 ; [ 13 ]). 
Antidepressants may also have negative effects on cognition independent of their 
anticholinergic effects. This is particularly true in the treatment of “old-old” 
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patients, those with preexisting cognitive issues, and those who have not 
responded to treatment [ 18 ,  70 ,  79 ]. 

 Older adults with depression often present with mild extrapyramidal signs and 
symptoms (EPS) [ 62 ]; and antidepressants have been reported to induce EPS in 
some patients [ 38 ], which may create a risk for falls. However, EPS induced by 
antidepressants are rare, and tricyclic antidepressants, SSRIs, and SNRIs have been 
used safely to treat depression in patients with Parkinson’s disease [ 5 ,  12 ,  21 ,  94 ]. 

 There is some evidence of a relationship between serotonergic antidepressant use 
and bone fractures, beyond what would be expected from the increased risk of fall-
ing, but this is somewhat controversial. This association has been observed in case- 
control studies [ 8 ,  57 ,  106 ] and prospective cohort studies [ 83 ,  114 ]. A recent 
meta-analysis found the relative risk of fractures related to SSRIs to be 1.72 (95 % 
CI: 1.51, 1.95) [ 111 ]. The effect of serotonin on bone metabolism may be the mech-
anism underlying this association between fractures and SSRI use. Serotonin trans-
porters are present on bone cells, and central serotonin has a role in regulating bone 
mass through sympathetic outfl ow [ 86 ]. 

 Depression is a signifi cant confounder in studies of SSRIs and bone metabolism 
because depression itself has been associated with decreased bone mineral density 
and with fractures [ 96 ,  112 ]. Evidence for an association between SSRIs and bone 
loss is inconsistent [ 31 ]. Recent studies have shown some impact of antidepressant 
on bone formation. In one study, decreased bone formation (as measured by decreased 
P1NP-procollagen type N-terminal propeptide marker) was seen in patients on ven-
lafaxine, particularly in those with the high-expressing 5HTTLPR genotype and the 
low-expressing HTR1B genotype (both involved in serotonin transport and binding) 
[ 29 ]. Another study found that the association between depression and fracture was 
mediated by the depressed patients’ propensity to fall [ 108 ].  

9.2.3     Prevention of Antidepressant-Related Falls 

 When making treatment decisions, clinicians need to weigh the risk of falls from 
untreated depression against the risk of falls associated with antidepressant medication. 
There are no prospective controlled data available to offer guidance. One uncontrolled 
study found that antidepressant treatment after 10 weeks improved depressive symp-
toms and gait parameters [ 75 ]. However, this study did not directly assess for gait 
changes during the higher-risk early treatment period and in treatment non-responders. 

 Basic principles in prescribing for older adults can be used to minimize risk 
([ 88 ]; see Table  9.2 ). When an antidepressant can be selected to minimize fall- 
promoting side effects, SSRIs remain the fi rst-line therapy ([ 68 ]; see Table  9.1 ). If 
an older antidepressant is required, the secondary amine nortriptyline is preferred: 
it has linear pharmacokinetics and a lower propensity to cause orthostasis, cardiac 
conduction defects, and anticholinergic effects than tertiary amines such as amitrip-
tyline [ 13 ] even though both secondary and tertiary amines are considered to have 
“strong anticholinergic properties” according to the Beers criteria [ 1 ].
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   Patients with depression are more likely to experience polypharmacy or 
received a potentially inappropriate medication [ 53 ,  74 ]. Polypharmacy (defi ned 
as greater than fi ve medications) plus antidepressant use was found to be associ-
ated with a greater risk of falls (aRR: 1.28, 95 % CI: 1.06–1.54) and of multiple 
falls (aRR: 1.60, 95 % CI: 1.19–2.15) than either polypharmacy or antidepressant 
use alone [ 84 ]. Polypharmacy should be avoided, particularly the combination of 
two fall- promoting drugs at once. Special attention should be paid to pharmacoki-

     Table 9.2    Principles related to prescribing psychotropic medications to minimize risk of falls in 
older adults   

 Problems  Recommendations 

 Unnecessary prescription of 
psychotropic medications 

 Avoid using psychotropic mediations unless symptoms are 
severe, highly distressing, or dangerous 
 Attempt dose decrease or discontinuation after period of 
symptomatic remission 

 Polypharmacy  Monitor and assess for effectiveness of current medications; 
discontinue those that have been shown to be ineffective 
 Use augmenting strategies sparingly – replace an ineffective 
therapy rather than add new psychotropic medications 

 Falls in fi rst days/weeks 
after starting medication 

 Address fall risk factors before starting new medications 
 Start medications at low doses 
 Only start one medication at a time 

 Inadequate monitoring  Obtain orthostatic vital signs 
 Monitor for Parkinsonism (rigidity, tremor, shuffl ing gait, blunted 
affect, postural instability). Use lower doses or shift to lower 
potency agents if required 
 Monitor levels, but treat the patient, not the level (i.e., if 
symptoms are controlled, “subtherapeutic” level may be 
adequate) 

 Sedation  Avoid sedating medications 
 Start sedating medications in very small doses 
 Provide education about risks of sedation, in particular risk for 
falls and effect on driving 

 Cognitive impairment  Select medications that are minimally anticholinergic 
 Use lowest possible dose 
 Get a baseline cognitive assessment before starting a new 
medication 
 If evidence of cognitive decline, assess for toxicity – it could be 
due to the medication! 

 Adherence  Avoid prescribing medications that have a narrow therapeutic 
range or a short half-life in patients with poor adherence or risk 
factors for poor adherence (e.g., cognitive impairment) 
 Use strategies to improve adherence (asking about adherence at 
every visit, screening for factors contributing to nonadherence, 
clear communication and instructions, simplifi ed medication 
regimes) 
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netic and pharmacodynamic drug-drug interactions [ 67 ]. Many antidepressants 
are prone to drug-drug interactions (Table  9.1 ). In older persons, medications 
should be dosed lower and increased more slowly, especially during the fi rst 
weeks of treatment. There is an increased risk of falls for at least 7 days following 
dose changes [ 116 ]. 

 An overall assessment for fall risk is important when starting a new antidepres-
sant. This would include an assessment of other fall-promoting medications, check-
ing for drug interactions, observing gait and tone, and inquiring about fall history. 
In patients judged to be at high risk for falls, referral to fall prevention programs or 
home occupational therapy assessment can prove invaluable. In fact, such referrals 
to community supports or programs should be considered for all frail or isolated 
older adults with depression: their benefi ts to mood and level of activity may be as 
important an intervention as antidepressant therapy. In addition to assessing treat-
ment response, cognitive impairment, orthostatic hypotension, extrapyramidal 
effects, and hyponatremia should also be monitored. 

 One may also be able to prevent fractures associated with falls. A simple inter-
vention is to enquire about adherence to osteoporosis screening and treatment. 
Many patients with depression make poor use of preventative health interventions 
[ 66 ]. Current osteoporosis prevention guidelines recommend adequate calcium 
and vitamin D intake (often requiring supplementation), smoking cessation, 
decreasing caffeine intake, and regular weight-bearing exercise [ 16 ]. Screening 
recommendations are for dual-energy x-ray absorptiometry (DEXA) in those over 
65 years of age and repeat DEXA scans every 2 years [ 16 ]. In younger patients 
(50–69 years) with osteoporosis risk factors, early screening is based on “risk fac-
tor profi le.” SSRI antidepressant use is now listed among other bone loss promot-
ing medications in the current guidelines. In older adults with long-term SSRI use 
and who have other osteoporosis risk factors, early screening should be 
considered.   

9.3     Antipsychotics 

 Most studies examining the relationship of antipsychotics and falls have focused on 
the frail dementia population or those living in long-term care homes. In these popu-
lations, antipsychotics are used largely (and controversially) for the management of 
behavioral symptoms of dementia [ 68 ]. Older adults with dementia have a number 
of intrinsic physiological changes that predispose them to falls such as changes in 
sensory, cardiovascular, neurological, and musculoskeletal function. They also have 
an increased sensitivity to the side effects of antipsychotics related to neurodegen-
erative changes such as decreased cholinergic reserve and increased dopaminergic 
receptor sensitivity [ 67 ,  104 ]. Behavioral symptoms are more likely to be present 
during the more advanced stages of dementia [ 59 ], which is another source of bias 
in observational studies of antipsychotics. 
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9.3.1     Epidemiology of Antipsychotic-Related Falls 

 Antipsychotics are associated with an increased risk of falls in the community 
[ 51 ] and in long-term care [ 72 ]: the increased odds in both cases are in the range 
of 40–60 %. Most studies have examined the relationship between antipsychotics 
and serious adverse events such as fractures in large epidemiological studies 
(reviewed in [ 80 ]). The strength of the association varies by study design and 
quality, approaches to minimizing bias, and study population (i.e., community-
based or nursing home). In a meta-analysis of these studies, the OR of fracture 
was 1.68 (95 % CI: 1.43–1.99) in older adults using fi rst-generation antipsychot-
ics and 1.30 (95 % CI: 1.14–1.49) in those receiving second-generation antipsy-
chotics [ 71 ]. 

 In contrast, prospective studies have not found a relationship between antipsy-
chotics and falls in the dementia population. For example, a secondary analysis of 
a prospective, controlled study examined the effect of risperidone on falls in 
patients with signifi cant agitation and psychosis. In those who were the most agi-
tated, 1 mg/day of risperidone decreased the rate of falls compared to placebo, 
whereas the rates of falls were similar with 2 mg/day of risperidone or placebo 
[ 45 ]. A recent meta- analysis of randomized placebo-controlled trials of antipsy-
chotics for behavioral symptoms of dementia did not fi nd an association between 
these medications and falls/injuries when compared to placebo (OR = 0.89; 95 % 
CI: 0.75–1.05) [ 98 ]. 

 Second-generation antipsychotics produce fewer extrapyramidal symptoms [ 54 , 
 85 ,  105 ], and they have a lower risk of falls and fractures than the fi rst generation 
drugs [ 39 ,  43 ,  51 ]. When comparing specifi c second-generation agents, some stud-
ies have associated olanzapine and risperidone with higher risk [ 43 ,  56 ], while oth-
ers have found quetiapine to be higher risk, particularly at higher doses [ 9 ,  41 ]. 

 As with antidepressants, the risk of falls is highest during the fi rst few weeks 
of treatment [ 81 ]. There is a dose relationship between antipsychotics and frac-
tures [ 41 ].  

9.3.2     Potential Mechanisms of Antipsychotic-Related Falls 

 Antipsychotics are associated with a host of fall-promoting side effects (Table  9.1 ). 
Parkinsonism is common: the rate is 30–50 % in older adults receiving fi rst- 
generation (“conventional”) antipsychotics [ 10 ] and 10–15 % in those receiving 
second-generation (“atypical”) antipsychotics. There is a risk of prescribing cas-
cades if the Parkinsonism is misdiagnosed as Parkinson’s disease or if it is treated 
with an anticholinergic medication. Parkinsonism emerges within the fi rst weeks of 
the initiation of an antipsychotic or after a dose increase. Parkinsonism is an estab-
lished risk factor for falling: parkinsonian gait is prone to stumbling and freezing, 
postural instability, and rigidity; it decreases the ability to react to perturbations in 
balance and an impaired ability to transfer safely [ 103 ]. 
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 The prevalence of tardive dyskinesia (TD) in older adults who have been pre-
scribed antipsychotics is 30–50 %. The annual incidence of TD is around 20 % for 
conventional agents and 5 % for atypical agents [ 11 ]. 

 Akathisia associated with antipsychotic use presents as a paradoxical increase in 
psychomotor agitation, restlessness, anxiety, and distress. Although it appears to be 
as prevalent in older patients as in younger ones, it is more poorly recognized in 
older patients, particularly in those with dementia who are unable to articulate their 
distress. The rate of akathisia is about 20–40 % for conventional agents and 5 % for 
atypical agents [ 11 ]. However, among atypical antipsychotics, aripiprazole may be 
more likely to cause akathisia, particularly during the fi rst weeks of treatment and 
with higher doses ([ 55 ]; Table  9.1 ). 

 Antipsychotics can also impact cognitive function, in particular in patients with 
dementia [ 67 ]. For example, in the Clinical Antipsychotic Trials of Intervention 
Effectiveness in Alzheimer’s Disease (CATIE-AD) trial, the antipsychotic treat-
ment group experienced cognitive changes comparable to 1 year’s progression of 
dementia compared to the placebo group [ 89 ]. Older adults need to allocate atten-
tional resources to walking to compensate for changes to motor and sensory func-
tions. Thus, even small changes in cognitive function can have an impact on gait 
performance and fall risk [ 113 ]. 

 Both conventional and atypical antipsychotics can also cause sedation and ortho-
static changes in blood pressures, particularly during the fi rst few weeks of treat-
ment and after dose changes. Specifi c atypical antipsychotics differ in their 
propensity to cause these side effects (Table  9.1 ). 

 There is limited information about the effect of antipsychotics on bone health in 
older adults. Reduced bone mineral density in older adults receiving long-term 
treatment with antipsychotics may be mediated by antipsychotic-induced hyperpro-
lactinemia, by lifestyle factors, or a combination of both [ 47 ]. In older adults, ris-
peridone and paliperidone seem to be more likely to cause hyperprolactinemia than 
other atypical antipsychotics, but the possible signifi cance of this differential effect 
on fractures has not been established [ 19 ,  46 ,  58 ].  

9.3.3     Prevention of Antipsychotic-Related Falls 

 As with antidepressants, when using antipsychotics in older adults, the prevention of 
falls relies mostly on principles of conservative prescribing ([ 88 ]; see Table  9.2 ). First 
and foremost, clinicians should ensure that antipsychotics are clinically indicated. The 
use of antipsychotics for treating sleep disturbance or anxiety should be avoided 
because the risks (not just for falls) likely outweigh any potential benefi ts. When anti-
psychotic treatment is initiated in an older adult, close monitoring is required during the 
fi rst few months of treatment and after each dose increase. Particular attention should 
be paid to EPS, sedation, orthostatic changes in blood pressures, and heart rate and 
the corrected QT interval (QTc) (Table  9.2 ). Even in patients receiving stable doses, 
regular monitoring for new abnormal movements is required to detect emergent TD. 
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 In addition to regular monitoring, there is also good support for dose decreases or 
discontinuation of antipsychotic medications in patients with severe behavioral symp-
toms of dementia [ 4 ,  20 ]. Even in older patients with schizophrenia receiving long-
term antipsychotic treatment, a recent study has shown that more than 80 % of patients 
who are stable clinically can tolerate a 25–40 % decrease in their antipsychotic dos-
age: the dose reduction was associated with improvement in their psychiatric symp-
toms and a reduction in EPS and hyperprolactinemia [ 33 ]. Since most antipsychotic 
side effects are dose dependent, even a small decrease in dose is a worthwhile clinical 
intervention. However, no studies to date have demonstrated that antipsychotic dis-
continuation has any impact, positive or negative, on rate of falls or injuries [ 76 ].   

9.4     Other Psychotropic Medications 

9.4.1     Lithium 

 Some limited evidence from one case-control study of psychiatric inpatients sug-
gests that lithium may be associated with falls. However, this result needs to be 
interpreted with caution given the acuity of psychiatric illness and the degree of 
polypharmacy of these inpatients [ 52 ]. 

 The main risk for falls associated with the use of lithium in older adults is due to 
the potential for lithium toxicity [ 23 ]. Pharmacokinetic changes related to aging, par-
ticularly changes in renal function, increase the risk of toxicity in older adults. Medical 
comorbidities and polypharmacy (most notably use of thiazide diuretics, angiotensin-
converting enzyme inhibitors, and nonsteroidal anti-infl ammatory drugs) increase the 
risk of lithium toxicity. Falls has been associated with lithium toxicity, and other 
symptoms suggestive of toxicity include ataxia, dizziness, confusion, and disorienta-
tion. Short of toxicity, older adults treated with lithium may experience some cogni-
tive impairment related to the moderate anticholinergic potential of lithium [ 13 ]. 

 Older patients need lower doses of lithium to achieve a therapeutic blood level. 
There is also a poor correlation between serum and brain levels of lithium in older 
adults [ 117 ]. Thus, beyond monitoring of blood levels, frequent monitoring of ther-
apeutic response and signs of toxicity is important in older adults treated with 
lithium. 

 On the positive side, long-term lithium use has been associated with a decreased 
risk of bone fracture (adjusted OR, 0.63; 95 % CI, 0.43–0.9; [ 8 ]). This is consistent 
with animal experiments that suggest that lithium promotes bone formation [ 14 ].  

9.4.2     Antiepileptic Drugs 

 More than 10 % of older adults residing in American long-term care homes are pre-
scribed an antiepileptic drug (AED). About half of this use is for the treatment of 
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seizure disorders [ 78 ]. AEDs are also commonly used in older adults for the treat-
ment of bipolar disorder, pain disorders, and off-label for the behavioral symptoms 
of dementia. 

 Ataxia and impaired balance are commonly reported side effects of AEDs [ 27 ]. 
In general, carbamazepine, oxcarbamazepine, topiramate, phenytoin, and pheno-
barbital have the worst impact on balance, while lamotrigine, gabapentin, and leve-
tiracetam are better tolerated. Many of these effects are dose dependent [ 93 ], and 
thus, lowest effective dosages should be used. 

 Few studies have examined the issue of AED-related falls. In one large pro-
spective study, older women taking AEDs (largely phenytoin, carbamazepine, 
and phenobarbital) had signifi cantly increased odds of falling (2.6; 95 % CI: 
1.5–4.4) and of falling repeatedly [ 25 ]. Less is known about the antiepileptics 
used commonly as mood stabilizers such as divalproex, lamotrigine, and 
carbamazepine. 

 AED use is also linked to decreased bone mineral density and increased risk of 
fractures [ 92 ]. This is particularly true of the liver enzyme-inducing AEDs, likely 
through changes in vitamin D metabolism and sex hormone binding [ 15 ]. Steps 
should be taken to prevent loss of bone density in older adults prescribed AEDs, 
such as ensuring adequate vitamin D levels. Importantly, many AEDs are involved 
in clinically signifi cant drug interactions because of their ability to induce or inhibit 
liver enzymes. Valproate-associated hyperammonemia is a rare but serious side 
effect of valproate therapy that can present in older adults with increased confusion, 
ataxia, and decreased level of consciousness [ 102 ].   

9.5     Summary and Conclusions 

 Available evidence suggests that antidepressants, antipsychotics, lithium, and 
antiepileptic drugs can increase the risks for falls and fractures in older adults. 
However, the relationship between falls and psychotropic medications is com-
plex because the mental disorders treated with these psychotropic medications 
and their comorbidities are themselves signifi cant and independent risk factors 
for falls. Thus, fall risk by itself is not a contraindication for the use of psycho-
tropic medications in an older frail patient. Nevertheless, clinicians need to pre-
scribe these medications judiciously and to follow principles of conservative 
prescribing to minimize the risk for falls. While some psychotropic medications 
may have a direct effect on balance, most falls and fractures are related to other 
side effects, in particular, orthostatic change in blood pressure, pro-arrhythmo-
genic effects, extrapyramidal symptoms (including Parkinsonism and akathisia), 
sedation, and cognitive impairment. Thus, careful selection of specifi c medica-
tions based on their differential side effect profi le and monitoring of adverse 
effects is mandatory. Close monitoring is particularly important during the fi rst 
few days or weeks after initiation of a new psychotropic medication or after a 
dose increase.     
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    Chapter 10   
 Benzodiazepines                     

     Annemie     Somers       and     Mirko     Petrovic    

    Abstract     Benzodiazepines are used for a variety of indications. Age-related 
changes in the pharmacokinetics and pharmacodynamics of benzodiazepines place 
older people at increased risk for side effects. Decreased hepatic blood fl ow, albu-
min level, lean body mass, and an increased elimination half-life of active metabo-
lites all play a role. These drugs can result in excessive sedation, cognitive 
impairment, delirium, agitation, and balance problems leading to falls and fractures. 
Consistent adverse effects related to benzodiazepine use have been reported in the 
community, in nursing homes, and in hospitals. Guidelines for rational use of ben-
zodiazepines in older individuals should be followed. If needed, short-term treat-
ment (i.e. less than 4 weeks for insomnia) might be considered using an 
intermediate-acting benzodiazepine. Patients should be clearly informed of the risk 
of falls when using these drugs. Long-term prescribing should be avoided. 
Benzodiazepine withdrawal strategies should be proposed to chronic users with 
proper psychological support and a drug tapering schedule adjusted to the patient’s 
individual needs.  

   Abbreviations 

  BZD    Benzodiazepine   
  CI    Confi dence interval   
  CNS    Central nervous system   
  FRID    Fall risk-increasing drug   
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  GABA    Gamma-aminobutyric acid   
  HR    Hazard ratio   
  OR    Odds ratio   
  Z-drug    Zolpidem, zopiclone, eszopiclone, zaleplon   

10.1         Introduction 

 Benzodiazepines (BZDs) are the most frequently used drugs within the category of 
hypnosedatives. BZDs have sedative, hypnotic, anxiolytic, anticonvulsive, and mus-
cle relaxing properties and are used in a variety of indications such as insomnia, 
anxiety, agitation, panic, seizures, and alcohol dependence. In this chapter, we will 
focus on the oral use of BZDs, used for insomnia and anxiety. BZDs are widely 
prescribed, but their long-term use is a reason for concern, because of dependency, 
side effects, and cost [ 1 – 3 ]. Older patients are especially at risk for impaired cogni-
tive and movement function, with an increased risk of inappropriate sedation, falls, 
and fractures [ 4 – 6 ]. It is well known that the worldwide use of BZDs is high, both 
in the community and within the hospital. Different risk factors for BZD use have 
been explored, among which (socio)demographic, clinical, and patient personality 
traits. Older age and central nervous disorders seem to be consistent risk factors for 
BSD use. Numerous studies have highlighted the associated risk of falls in patients 
using BZDs [ 4 ,  7 – 17 ]. 

 There is a general awareness that long-term BZD use is inappropriate in older 
patients, and discontinuation should be recommended. As a consequence, the long- 
term use of BZDs has been imbedded in different explicit criteria for potentially 
inappropriate drug use in older patients [ 18 – 22 ]. Different interventions to reduce 
BZD-related falls exist, with the aim to safely reduce and stop long-term BZD use. 
Although no unanimous recommendations concerning withdrawal exist, it seems 
possible to stop BZD use by using an approach tailored to the needs of the individ-
ual patient [ 23 ].  

10.2     Benzodiazepines 

 Benzodiazepines are organic bases composed of a benzene ring fused to a seven 
member diazepine ring. Nearly all effects of the BZDs result from actions on the 
central nervous system (CNS). Molecular targets for BZD actions in the CNS are 
the gamma-aminobutyric acid (GABA) receptors (different subtypes) [ 24 ]. BZDs 
bind to the GABA receptor, modulate its activity, and thus facilitate GABA neuro-
transmission. GABA is the main inhibitory neurotransmitter of the CNS, and GABA 
activation results thus in reduced electrical activity of large neurons both in the 
brain and in the spinal cord. The reduced electrical activity in the cerebellum leads 

A. Somers and M. Petrovic



127

to anxiolytic and hypnosedative effects and to muscle relaxing actions for the neu-
rons in the spinal cord and striatum [ 25 ]. 

 There are marked differences in potency, duration of action, metabolite activity, 
and rate of elimination between the different BZDs, determined by the various side 
chains in the molecular structure [ 26 ]. The equivalent dose may vary as much as 
20-fold, which should be kept in mind when substituting one BZD by another. 
Almost all of the BZDs are completely absorbed when taken orally; some of them 
reach the systemic circulation only in the form of active metabolites. The BZD and 
their metabolites have a high affi nity for binding to plasma proteins. The extent of 
binding correlates with lipid solubility and varies from 70 % to 99 %. Most BZD 
have a large volume of distribution due to their high lipid solubility. The concentra-
tion in the cerebrospinal fl uid is nearly equal to the concentration of free drug in 
plasma. BZDs are metabolized primarily in the liver; most of these compounds can 
be classifi ed as low clearance drugs [ 27 ]. Benzodiazepines are commonly classifi ed 
into three main categories based upon the elimination half-life, i.e., short-acting 
agents (<12 h), intermediate-acting agents (12–24 h), and long-acting agents (>24 h) 
(Table  10.1 ).

   Short-acting benzodiazepines generally have few active metabolites, do not 
accumulate with repeated doses, and demonstrate clearance that is largely unaf-
fected by age and liver disease. Examples include triazolam and oxazepam. 
Intermediate-acting benzodiazepines include the widely used drugs lorazepam and 
temazepam. Long-acting benzodiazepines generally have pharmacologically active 

   Table 10.1    Benzodiazepines (for oral use) by elimination half-life (list compiled from the 
Martindale, Lexi-Comp, and Clinical Pharmacology databases)   

 Category  Benzodiazepine 

 Usual single 
adult dose 
(oral) (mg) 

 Oral 
peak 
(hours)  Half-life (hours) 

 Short acting  Oxazepam  10–30  2–4  5–15 
 Triazolam  0.125–0.25  0.7–2  2–3 

 Intermediate 
acting 

 Alprazolam  0.25–0.5  1–2  6–27 
 Bromazepam  2–6  1–2  8–20 
 Lorazepam  0.5–3  2–4  10–20 
 Temazepam  7.5–30  1–2  8–15 

 Long acting  Clobazam  10–20  0.5–4  36–42 
 Clonazepam  0.25–0.5  1–2  18–50 
 Clorazepate  7.5–15  1–2  Desmethyldiazepam: several 

days 
 Chlordiazepoxide  5–25  0.5–4  5–30 

 Desmethyldiazepam: several 
days 

 Diazepam  2–10  0.5–1  20–50 
 Flunitrazepam  0.5–2  1–2  16–35 
 Flurazepam  15–30  0.5–1  N-desalkylfl urazepam: 

47–100 
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metabolites, accumulate in tissues after multiple doses, and demonstrate impaired 
clearance in older patients and those with liver disease. Examples include diazepam 
and chlordiazepoxide.  

10.3     Benzodiazepines: Effects and Adverse Effects 

 Most BZDs are used for the purpose of their hypnosedative and anxiolytic effects. 
Some BZDs are also used as anticonvulsive agents or muscular relaxants. BZDs can 
also cause amnesic effects. In the short term, BZDs may be used safely in certain 
clinical conditions, but in long-term use, the effect on sleep quality does not improve, 
and the effect on anxiety is only symptomatic [ 25 ]. In a recent study in ten Belgian 
nursing homes, it was found that sleep quality in chronic BZD users signifi cantly 
decreased over 1 year and was signifi cantly worse than in nonusers at the end of this 
period. Depressive symptoms seemed an important factor in the deterioration of 
sleep quality. This study suggests that using BZDs chronically does not maintain or 
improve sleep quality [ 28 ]. 

 Well-known side effects of long-term BZD use includes drug tolerance, rebound 
insomnia, hangover, dependence, and paradoxical stimulation. Tolerance, depen-
dence, and withdrawal effects may turn into major clinical problems such as 
delirium- like symptoms. Older patients are especially susceptible to the CNS 
adverse reactions of BZDs such as excess sedation, lethargy, memory problems, 
and impaired coordination, as well as impaired learning and psychomotor perfor-
mance. As a consequence, the risk of falls induced by BZDs is higher with older 
age [ 6 ].  

10.4     Susceptibility of Older Patients to Benzodiazepines 

 Changes in BZD pharmacokinetics have been observed in older people. A prolon-
gation of the half-life of the oxidized drugs has been reported in this age group, but 
the clearance or half-life of the glucuronidated drugs is less affected. As a result, the 
BZDs metabolized by oxidation, such as fl urazepam and diazepam, should not pre-
scribed in older patients, since higher plasma concentrations for a given drug dosage 
and consequently enhanced clinical effects are to be expected [ 29 ]. Other important 
and frequently seen age-related changes that may infl uence BZD metabolism 
include decreased liver blood fl ow, plasma albumin, and lean body mass. Reduced 
hepatic blood fl ow can modify the plasma concentration-time profi le and increase 
peak concentrations. Decrements in plasma albumin levels will affect protein- 
binding capacity. Distribution volume may increase as a consequence of decreased 
lean body mass and increased proportion of fat. This results in an increased elimina-
tion half-life, prolonged effects on the days after administration, and accumulation 
of active metabolites. 
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 Modifi cations of pharmacodynamics may also occur, as a consequence of 
increased sensitivity of the drug receptors. Older patients are more sensitive to the 
infl uence of BZDs on cognitive function, especially at higher dosages. 

 When looking at the clinical effects of BZD use in older patients, a high risk of 
adverse effects has been reported. These include excessive sedation, cognitive 
impairment, delirium, night wandering, and agitation, as well as impaired balance, 
ataxia, falls, and fractures [ 30 ,  31 ]. 

 In a meta-analysis of 24 randomized trials (2417 patients) that evaluated the 
impact of pharmacotherapy in adults older than 60 years with insomnia, there was 
an improvement of sleep quality, total sleep time, and frequency of nighttime awak-
ening [ 6 ]. However, the magnitude of these benefi ts was relatively small compared 
with the two- to fi vefold increase in adverse cognitive or psychomotor events. This 
suggests that additional caution is necessary when deciding whether pharmacother-
apy is indicated for an older patient with insomnia.  

10.5     Benzodiazepine-Related Falls 

 BZDs have, among other drug classes, been reported to increase the risk of falls. 
Leipzig and Woodcott reviewed fall risk-increasing drugs (FRIDs), mainly psycho-
tropic and cardiovascular drugs [ 32 ,  33 ]. Numerous studies have reported the 
increased risk of falls in older patients taking BZDs, in various settings (community, 
nursing homes, and hospitals) and in different study designs. 

 In the B-vitamins for the prevention of osteoporotic fractures (B-PROOF) study, 
concerning 2407 community-dwelling older patients, BZD use was associated with 
an increased fall risk (HR 1.32, [95 % CI 1.02, 1.71]) [ 16 ]. Ensrud et al. reported on 
falls in BZD using community-dwelling older women with one fall (OR = 1.51 
[95 % CI 1.09, 1.63]) or frequent falls (OR = 1.51 [95 % CI 1.14, 2.01]) [ 17 ]. In a 
prospective cohort study of 1412 patients admitted to 11 acute care hospitals in 
Australia, falls were recorded prospectively (in hospital) and retrospectively (in the 
90 days prior to admission). However, incidence rates of falls inhospital and prior to 
admission for users and nonusers of BZDs were not statistically different; only use 
of diazepam at admission was positively associated with a history of falls [ 7 ]. 

 In a review, studies exploring postural instability and consequent falls and hip 
fractures associated with use of hypnotics in older people were compared. Large- 
scale surveys consistently reported increases in the frequency of falls and hip frac-
tures when hypnotics are used in older people (twofold risk) [ 13 ]. 

 A retrospective cohort study in the Netherlands was performed with 404 patients 
who visited the day clinic of the department of geriatric medicine and found that 
psychotropic medication, including short-acting benzodiazepines, strongly 
increased the frequency of falls (hypnotics and anxiolytics, OR 1.81 [95 % CI 1.05–
3.11]; short-acting benzodiazepines or Z-drug, OR 1.94 [95 % CI 1.10–3.42]) [ 9 ]. 

 In a cross-sectional study within three health centers in the North-East of France, 
7643 community-dwelling volunteers aged 65 and older were included. The results 
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showed that age, female gender, and the use of clobazam or prazepam were related 
to the recurrence of falls [ 10 ]. Benzodiazepine use was signifi cantly associated with 
the occurrence of injurious falls, increasing with age, in a nested case-control study 
using data from a community-based cohort collected during 10 years (the personnes 
âgées QUID- PAQUID or ‘older people as subject matter’ cohort) [ 12 ]. In this study, 
the incidence of injurious falls in subjects aged 80 or more years exposed to BZDs 
was 2.8 per 100 person-years. More than 9 % of these falls were fatal. According to 
the results of this study and to recent population estimates, BZD use could be held 
responsible for almost 20,000 injurious falls in subjects aged 80-years or older 
every year in France and for nearly 1800 deaths.  

10.6     Risk Factors for Benzodiazepine Use 

 Since BZDs are associated with possible adverse drug reactions in long-term use, it 
is valuable to detect patients at risk. For hospitalized patients, the infl uence of age, 
length of stay, and comorbidities has been found in various studies [ 34 – 36 ]. One 
study also found a higher BZD use in patients who were not coming from home and 
who were suffering from CNS disorders [ 36 ]. This study also showed that 88 % of 
the hypnosedative users had not been informed by the treating physician about the 
risk of dependence and had not been advised to reduce BZD use. 

 Petrovic et al. also studied the socio-epidemiological status and personality traits 
in older hospitalized patients and showed that long-term older BZD users are typi-
cally widowed females with dysthymic disorder, anxiety, predisposition to alcohol 
dependence, and borderline disorder [ 37 ]. Therefore, it is important to recognize the 
nature of the older population at risk for BZD use and to consider a broader-ranging 
therapeutic management of the predisposing personality traits. 

 In a very large, prospective database cohort study in Quebec, Canada, involving 
more than 253,000 patients, the risk of injury associated with the new use of indi-
vidual benzodiazepines and their dosage regimens was studied with 5 years of fol-
low- up [ 4 ]. It was found that 27.6 % of these patients were dispensed at least one 
prescription for a benzodiazepine, and 17.7 % of these users were treated for at least 
one injury during follow-up, of which fractures were the most common. The risk of 
injury varied by benzodiazepine, independent of half-life, as did the risk associated 
with increasing dosage for individual products. Higher doses of oxazepam, fl uraz-
epam, and chlordiazepoxide were associated with the greatest risk of injury.  

10.7     Approach and Interventions 

 Since older patients are particular vulnerable to the adverse effects of BZDs, a number 
of approaches can be taken in order to prevent long-term use. Risk factors such as 
CNS disorders which predispose patients to start BZD should be estimated. Firstly, 
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guidelines for the rational use of BZDs in older patients should be followed, including 
the use of non-pharmacological measures. Secondly, short-term treatment duration 
with an intermediate-acting BZD should be accompanied, when possible, with infor-
mation to patients about the CNS-related adverse effects and the risk of falls, and 
thirdly, BZD use should be properly recorded, as well as falls, in order to limit long-
term use. This documentation will facilitate recommendations to reduce and stop 
BZDs when performing medication review, e.g., by application of explicit criteria for 
potentially inappropriate prescribing [ 18 – 22 ]. Healthcare providers can also act upon 
reminders, alerts, and guidelines by using computer-assisted prescribing systems. 

 Finally, the use of withdrawal protocols for BZDs should be encouraged and 
individualized to improve success rates, taking into account withdrawal symptoms. 
The treatment of BZD withdrawal includes suitable psychological support together 
with a gradual dosage tapering. In most of the cases, sleep symptoms progressively 
improve after withdrawal. Petrovic et al. showed that a short-term BZD withdrawal 
program for older patients is possible in the hospital setting [ 23 ]. In this randomized 
study, two-thirds of chronic BZD users could successfully be withdrawn using a 
single step of dose reduction, over 1 week. In the hospital setting, withdrawal symp-
toms can be more easily recognized and managed. However, general practitioners 
should be involved in the decision to stop the BZD treatment, in addition to the 
follow-up after discharge from the hospital. 

 In general, a multifaceted approach is needed in order to reduce long-term 
BZD use in older patients, since patients underestimate the risk for adverse 
effects like falls and overestimate the effect on the quality of sleep. Moreover, 
BZDs are relatively cheap medications, but a reduction in dose or stopping these 
drugs often requires psychological support and follow-up which is time-consum-
ing and costly. Multidisciplinary cooperation between healthcare providers is 
necessary to stop long-term BZD use but also to ensure that patients do not 
restart these drugs. National quality programs should include awareness cam-
paigns to avoid long-term use of BZD in all citizens, with special focus on older 
patients. Hospitals and nursing home facilities should implement quality criteria 
consisting of the detection of patients at risk, as well as preventive measures to 
limit new BZD users.  

10.8     Conclusion 

 Benzodiazepines are one of the fall risk-increasing drug classes, and the long-term 
use of BZD in older patients should be discouraged. The sedation due to BZD use 
in older patients is a main risk factor for falls and other adverse effects. There is a 
general awareness that BZD use is inappropriate in many patients, and therefore, 
discontinuation should be recommended and actively encouraged. Different strate-
gies for reduced long-term use of BZD should be combined, both for community- 
dwelling and for institutionalized older patients, including risk assessment and 
withdrawal protocols, tailored to the needs of the individual patient.     
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    Chapter 11   
 Drugs for Degenerative Neurologic 
Conditions: Antiparkinson Medications, 
Cholinesterase Inhibitors, and Memantine                     

     Geneviève     Lemay     

    Abstract     Drugs for degenerative neurologic conditions like antiparkinson medica-
tions, cholinesterase inhibitors, and memantine are used for symptomatic treatment 
of Parkinson’s disease and for stabilization of decline or to slow progression of 
dementias, respectively. Since these drugs are not curative, knowing their risks is 
essential. In a population at higher risk of falls, does the use of these medications 
further increase that risk? A literature review showed a number of studies that 
included cholinesterase inhibitors demonstrated mixed results on their association 
with falls. Studies were often retrospective in nature and failed to account for con-
founders, limiting their interpretation. There was paucity of studies on memantine, 
but the available literature failed to show an association with falls. The small num-
ber of studies on antiparkinson medication showed an association between higher 
levodopa dose, but it remains unclear if this could be accounted for by the underly-
ing disease duration and severity. At present, it remains essential to address the 
numerous fall-related risk factors in these high-risk populations. Although some 
literature has suggested an association between falls and these medications, it is 
arguably an association infl uenced or directly caused by the disease itself. Further 
studies of higher quality are needed to clarify this issue.  

   Abbreviations 

  AD    Alzheimer’s disease   
  CI    Cholinesterase inhibitor; confi dence interval   
  COMT    Catechol-O-methyltransferase   
  HR    Hazard ratio   
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  LED    Levodopa equivalent dosing   
  MAO    Monoamine oxidase   
  OR    Odds ratio   
  PD    Parkinson’s disease   
  RCT    Randomized controlled trial   

11.1         Introduction 

 As the population ages, the number of individuals with neurodegenerative diseases 
will rise [ 20 ]. Alzheimer’s disease (AD) and Parkinson’s disease (PD) are two neu-
rodegenerative conditions without a known cure. Despite the absence of a curative 
treatment, some pharmacologic treatment options are available for symptom man-
agement and/or for stabilization of decline. These medications are often used in a 
population with a higher baseline risk of falls, which is secondary to their underly-
ing neurologic and medical conditions. For clinicians, a question remains: Are we 
increasing the risk of falling in these patients by using these medications for treat-
ment of their neurodegenerative disease? 

 This chapter will review the drugs used for neurodegenerative conditions and their 
association with falls. First is a review on cognitive enhancers: cholinesterase inhibi-
tors (which include the currently approved medications galantamine, donepezil, and 
rivastigmine) and memantine. Second is a review of antiparkinson medication. To 
conclude, a summary of current literature and clinical implications will be discussed.  

11.2     Cognitive Enhancers 

 Older adults with dementia are at a higher risk of falling [ 47 ], with an annual inci-
dence of approximately 60–80 % [ 42 ]. This proportion is at least twice that of cog-
nitively normal older adults [ 46 ]. Falling ultimately leads to fractures, 
institutionalization, morbidity, and mortality [ 36 ]. Dementia compounds the risk of 
falling due to its effect on impairing judgment, gait, visual-spatial perception, and 
the ability to recognize and avoid hazards [ 44 ]. Patients with Alzheimer’s-type 
dementia have a hazard ratio of 2.8 for hip fractures [ 6 ]. 

 Since the introduction of the fi rst cholinesterase inhibitor (CI) in 1997, most 
clinicians would consider the drugs donepezil, galantamine, and rivastigmine to be 
the fi rst-line pharmacotherapy for mild to moderate dementia. The drugs have 
slightly different pharmacologic properties, but they all work by blocking the 
enzyme acetylcholinesterase, thus inhibiting the breakdown of acetylcholine – an 
important neurotransmitter associated with memory [ 8 ]. 

 It is well known that medications with anticholinergic properties are associated 
with impaired balance, increased falls, and increased rates of bony fractures in the 
elderly [ 7 ]. Some groups have postulated that adding cholinergic drugs to one’s 
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medication regime may improve gait, effectively reducing the chance of falling. 
This theory was examined in a few small studies; the results suggest that CIs may 
reduce falls because they improve gait and balance control, possibly through their 
positive effects on attention and executive function [ 5 ,  34 ,  35 ]. 

11.2.1     Cholinesterase Inhibitors 

11.2.1.1     Effects on Gait/Balance 

 Assal et al. [ 5 ] demonstrated an improvement in gait performance in nine subjects 
with mild to moderate AD after 24 weeks using galantamine. These results suggest 
a galantamine-associated enhancement of the ability to adapt gait patterns to unex-
pected situations, which results in a lower risk of falling. In addition, Montero- 
Odasso [ 35 ] demonstrated that people with mild AD who are treated with donepezil 
have a signifi cant increase in gait velocity and a reduction in gait variability, result-
ing in a more stable walking pattern. These fi ndings provided a rationale to further 
assess the effect of CIs on gait performance and risk of falling in a larger, controlled 
clinical trial; this initiative is currently underway [ 34 ,  35 ].  

11.2.1.2     Association with Falls in Patients with Dementia 

 Literature of the association of CIs and falls is variable. The quality of studies is 
generally weak, and most studies did not specifi cally consider CIs, but rather 
focused on various medications and their association with falls. Previous studies 
analyzed administrative databases and were rarely able to correct for other variables 
and confounders. In this population, correcting for confounders is essential, as falls 
are generally a result of multiple factors, especially for individuals who are cogni-
tively impaired. 

 In a study from 2005, French [ 19 ] examined veterans prior to their hospital 
admission for hip fracture, who were prescribed medications known to increase fall 
risk. This study found notable differences in the number of falls occurring in CI 
users, including a nearly twofold increase in falls and hip fractures. The relative 
contribution of underlying disease versus the drug remains unclear, as confounders 
were not controlled for. 

 Similarly, in a retrospective, cross-sectional, national, secondary data analysis of 
over 20,000 outpatients, French et al. [ 19 ] demonstrated that more patients who 
used CIs (5.40 %) fell compared to those who did not (2.35 %). Again, the study 
design made it impossible to determine the relative contribution of the disease, the 
medications, and other confounding factors that may contribute to the risk of an 
injury due to a fall. 

 In a population-based cohort study that analyzed healthcare databases, Gill et al. 
[ 22 ] found that hospital visits for syncope were more frequent in people taking CIs 
than those who did not (31.5 versus 18.6 events per 1000 person-years; adjusted 
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hazard ratio 1.76; 95 % CI 1.57–1.98). Hip fractures were also more common among 
people receiving CIs compared with controls (22.4 versus 19.8 events per 1000 
person-years; HR 1.18; 95 % CI 1.04–1.34). This analysis was limited to the vari-
ables recorded in the administrative databases. 

 These fi ndings are consistent with Birks’ [ 8 ] systematic review and meta- analysis 
of fi ve randomized control trials (RCTs). The review established an odds ratio of 
1.90 (95 % CI 1.09–3.33,  p  = 0.02) for syncope in individuals who take CIs. It is 
important to note that falls were not listed as an adverse event, because the trials 
reported only adverse events suffered by more than 5 % of subjects. Interestingly 
this increased risk of syncope may not be secondary to bradyarrhythmias as in a 
case-control analysis. Huang et al. [ 27 ] found that patients with dementia taking a 
CI had a decreased risk of pacemaker insertion with an unadjusted HR 0.58 
(0.55–0.61). 

 Using administrative databases from nursing homes, Olazaran [ 38 ] found an 
association between falls and CIs (OR 1.42; CI 1.05–1.92). Yet again, lack of access 
to important data, such as medical and physical conditions, gait, and balance limited 
their fi ndings. 

 A literature review of 69 articles [ 9 ] summarized pharmaceutical concerns in the 
prevention of medication-related falls. This review found only one article [ 17 ] that 
showed a statistically signifi cant positive association with falls and CI use ( p  = 0.0012). 
These fi ndings had a hazard ratio (HR) of 1.577 (95 % CI 1.197–2.078), increasing 
the HR by 63 %. Notable limitations include selection bias due to sampling, clinical 
susceptibility, medication indication, recall, the possibility of inconsistent adverse 
event reporting by study personnel, and lack of documentation of previous falls. 

 Contrary to prior studies that found positive association between CI and falls, the 
following six studies found a negative association. 

 In their retrospective study in a senior’s facility, Dolgonos et al. [ 13 ] found no 
difference in fall rate in subjects taking CIs versus those who did not (71 % versus 
65 %  p  ≥ 0.05). Tamimi’s [ 45 ] retrospective case-control study compared the inci-
dence of hip fractures in a group of AD patients who either took CI treatment or not. 
They adjusted for possible confounders based on the information available in patient 
charts. Interestingly, users of CI were associated with a lower risk of hip fracture than 
nonusers (adjusted OR 0.44; 95 % CI 0.24–0.72), even though CI users had a higher 
risk of falling. In addition, patients treated with galantamine had a comparable risk 
of hip fracture to nonusers. Patients treated with rivastigmine and donepezil had a 
lower risk of hip fractures compared to nonusers – a statistic that was highly signifi -
cant: a total protective adjusted OR of 0.22 (95 % CI 0.10–0.45) and 0.39 (95 % CI 
0.19–0.76), respectively, compared to AD patients who did not use CIs. 

 Three systematic reviews were found in the literature, the fi rst by Hartikainen 
et al. [ 25 ] who examined medication use as a risk factor for falls and fall-related 
fractures. In this review, only Kallin’s [ 28 ] cross-sectional, prospective population- 
based study of 3304 patients addressed CIs. This study did not show any signifi cant 
association between falls and use of CI (OR 0.72; 95 % CI 0.36–1.44); however, 
there was a lack of data about other medical diagnosis that are known to infl uence 
fall risk. 
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 The second, a Cochrane systematic review [ 41 ], included six RCTs that exam-
ined effi cacy, safety, and tolerability of CIs in 1236 patients with Parkinson’s 
 disease dementia and Lewy body dementia. This review did not fi nd any specifi c 
difference in falls between treatment versus placebo groups (43/739 versus 16/352; 
OR 1.29; 95 % CI 0.72 to 2.33,  P  = 0.39). The authors of the review cautioned 
interpretation of this data, because half of the trial data was not made available to 
the public. 

 Lastly, Kim [ 30 ] conducted a meta-analysis of 22 studies (RCTs and exten-
sion studies) to evaluate the effect of CIs on the risk of falls, syncope, and related 
events. They concluded that CI use was associated with greater risk of syncope 
(OR 1.53; 95 % CI 1.02–2.30) compared to placebo, but was not associated with 
other events (falls, OR 0.88; 95 % CI 0.74–1.04; fracture, OR 5 1.39; 95 % CI 5 
0.75–2.56; accidental injury, OR 1.13; 95 % CI 0.87–1.45). The authors cau-
tioned interpretation of the data because of small sample sizes, possible under-
reporting of events, and the possibility of small benefi ts or harms that could not 
be excluded.  

11.2.1.3     Association with Falls in Patients with Parkinson’s Disease (PD) 

 A few studies examined the use of CIs in individuals with PD. In their small study 
of six individuals, Kareus et al. [ 29 ] looked at the effect of donepezil using pos-
turography. They found that cholinergic augmentation could improve integration of 
visual sensory information, resulting in improved balance and posture. Parashos 
et al. [ 40 ] had a similar fi nding: they were unable to associate falls and use of CIs, 
even after accounting for disease duration and severity of cognitive dysfunction. 

 More recently, Pagano et al. [ 39 ] conducted a systematic review, which including 
four RCTs, in order to assess effi cacy and safety of CI in PD patients. The fall risk 
analysis failed to show any signifi cant effect of CI (OR 1.13; CI 0.62–2.07). Only 
one study, an RCT by Chung et al. [ 10 ], which included 23 patients with PD at high 
risk of falls, found that donepezil reduced fall frequency by approximately half 
(0.25–0.13 falls per day) in frequent-falling subjects with PD. Absolute reduction 
was 0.12 falls per day with 8.3 people needing treatment to prevent a fall. The 
authors theorized the improvements might be attributed to the rationale that anticho-
linergic medications are associated with falls. Larger studies that did not assess the 
baseline fall risk also found a signifi cant improvement of falling rates in patients 
with PD who were treated with CIs [ 14 ,  16 ].  

11.2.1.4     Summary 

 There is clearly a lack of quality in the studies that examine associations between 
CIs and fall risk in the AD and PD populations, thus making it diffi cult to ascertain 
whether the two are related. The studies that report a possible association between 
CIs and falls are retrospective in nature, and they fail to account for important 
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confounders like comorbid diseases and the presence of possible risk factors related 
to falling. Because of these shortcomings, the risk of falls is similar to the risk of 
syncope, a well-known potential side effect of the medication induced by cardiac 
bradyarrhythmia. Cardiac risk of cholinergic augmentation must be seriously con-
sidered in high-risk patients because fall-related syncope is well described in the 
literature. 

 The literature that reports a negative association between CIs and falls consists 
of stronger study designs; however, underreporting of harm may have underesti-
mated fall frequency. Nevertheless, it is plausible – with small studies showing evi-
dence of the benefi ts of cholinergic augmentation on balance measures, attention, 
and executive function – that CIs may decrease the risk of falls in some patients. As 
more literature on gait and cognition emerges, a multivariate regression model could 
be developed to account for all confounders and to identify whether these drugs can 
modify the risk of falls. At present, it is prudent to remain vigilant in prescribing CIs 
and to address all other fall-related risk factors, as we are yet to have strong evi-
dence for or against the association of CIs and falls.   

11.2.2     Memantine 

 The available literature on the association of memantine and falls is quite small with 
only four articles. Using nursing home administrative databases, Olazaran [ 38 ] 
found an association between falls and memantine, with an OR of 1.90 (95 % CI 
1.32–2.74). Notable limitations include its cross-sectional design and its lack of 
access to data that are associated with falls, including medical and physical condi-
tions, gait, balance, and visual acuity. 

 Similarly, Kim’s [ 30 ] meta-analysis did not fi nd a statistically signifi cant effect 
of memantine on falls with an OR of 0.92 (95 % CI 0.72–1.18). Due to a small num-
ber and possible underreporting of events, the possibility of minor benefi ts or harms 
could not be excluded. 

 More recently, Epstein et al. [ 17 ] conducted a retrospective analysis using a mul-
tivariate model on data from the Alzheimer’s Disease Neuroimaging Initiative. 
They did not fi nd an increase in risk of falls with memantine use, even after adjust-
ing for signifi cant covariates of age and the Beers medications. 

 In McShane’s [ 33 ] Cochrane review of six RCTs of memantine use in mild to 
severe dementia, the OR for falls was 0.96 (95 % CI 0.71–1.30), whereas in mild to 
moderate dementia, the OR for falls was 0.83 (95 % CI 0.41–1.67). Neither of these 
results indicate an increased risk of falls with the use of memantine. It is important 
to note that the number of falls reported in the systematic review was much lower 
than the rates estimated by other observational studies, suggesting that falls may 
have been underreported as a whole or that participants in the studies were generally 
healthier than the general population. If these are true, it means that there is an 
underestimation of the potentially important risks of fall-related adverse events 
associated with memantine.  
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11.2.3     Summary 

 From the limited information that is currently available, there is not a strong case for 
the association between memantine and falling. It is advised that physicians recom-
mend prudence to their patients with dementia, as it is well documented that indi-
viduals with dementia have a higher risk of falling compared to the general 
population. There is, however, a lack of available literature – taking into account the 
paucity of studies and the limitations of the ones available – to be certain that 
memantine increases the risk of falls.   

11.3     Antiparkinson Medications 

 Falls are highly prevalent in individuals with Parkinson’s disease (PD); 33–68 % of 
PD patients will fall [ 1 ,  4 ,  49 ], with approximately 40 % of these falls leading to 
injury [ 23 ]. Both PD-related and comorbid pathologies are proposed to be potential 
underlying causes for falls [ 26 ]. 

 There are several risk factors associated with falls in patients with PD. These 
include the severity and duration of disease, gait and balance disturbances, previous 
falls, fear of falling, and dementia [ 2 ]. Furthermore, it has also been shown that 
urinary incontinence, daily intake of alcohol, and orthostatic hypotension are asso-
ciated with falling in PD patients [ 32 ]. Parkinsonism in itself has been associated 
with an adjusted OR of 1.2 (95 % CI 1.0–1.4) for falls [ 48 ]. Could this mean that it 
is important to be aware of the effects of antiparkinson medication? 

11.3.1     Effect on Gait and Balance 

 Considering the increased baseline risk of falls in the PD population, some research 
has explored the effects of antiparkinson medication on gait and balance. In their 
cross-sectional prospective, descriptive study, D’Andrea Greve et al. [ 11 ] observed 
a large area of sway among patients with PD when they were under the effect of 
levodopa. This fi nding correlated with dyskinesia because the change in movement 
quality impaired balance reactions, thus obliging patients to make displacements 
over a wider area in order to remain on their feet. It was suggested that real-life situ-
ations that do not allow for this type of adaptation might contribute toward the falls 
that are observed among PD patients. 

 In contrast, Kumar’s [ 31 ] observational study of 70 patients found that levodopa 
therapy could improve most of the gait parameters among PD patients. Furthermore, 
Dhall et al. [ 12 ] noted improvements in gait that were greater than improvements in 
balance in individuals taking levodopa. This fi nding may in part explain why some 
individuals with balance diffi culty fall more frequently on levodopa: as gait speed 
increases, and without proportional improvement in balance, people are likely to fall.  
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11.3.2     Antiparkinson Medication Association with Falls 

 Literature on the association of antiparkinson medication and falls is variable. Eight 
studies on this topic were found, and the quality of these studies was generally 
weak. Most studies did not specifi cally evaluate medication and falls. These studies 
most often analyzed administrative databases, they were rarely able to correct for 
other variables and confounders, and several studies were quite small. 

 One study of a sample of outpatient veterans with hip fractures reported a posi-
tive association between antiparkinson medication and falls [ 18 ]; this study found a 
nearly fourfold increase in antiparkinson drug use. The relative contribution of 
underlying disease versus the drug treating the disease was unclear, considering 
previous evidence that fractures were signifi cantly more common in PD patients 
than in a non-PD control group (PD 15 %, control 7.5 %;  p  = 0.007) [ 21 ]. 

 Similarly, in a retrospective, cross-sectional, national, secondary outpatient data 
analysis of more than 20,000 patients, French et al. [ 19 ] found that patients who had 
more previous falls used antiparkinson medications (3.67 % versus 1.32 %). Again, 
it was impossible to determine the relative contribution of the disease, the media-
tions, or other confounding factors to the risk of an injury due to a fall, which limits 
the study’s fi ndings. 

 In a population-based study of 3304 patients in a cross-sectional design that used 
a univariate analysis, Kallin et al. [ 28 ] found that use of levodopa (OR 1.67; 95 % 
CI 1.00–2.78) was associated with falls. Authors attributed this increased risk to the 
underlying diagnosis rather than the medication itself, because PD leads to mobility 
disturbances and orthostatic hypotension. 

 Shuto et al. [ 43 ] conducted a similar analysis in an acute hospital setting. This study 
was a case-crossover study that examined administrative databases of 349 patients who 
had inhospital falls. The initial use of antiparkinson medication (within 3 days of the 
fall) was signifi cantly associated with falls (OR 4.18; CI 1.75–10.02). The contribution 
of comorbid disease, medication dose, and other fall risk factors were not included in 
the analysis, which limited attribution of the fall to the medication itself. 

 Only one systematic review [ 9 ] on fall risk and medication included antiparkin-
son medications. After reviewing 69 articles on multifaceted pharmaceutical con-
cerns in the prevention of medication-related falls, anti-Parkinson’s medication 
were found to be signifi cantly associated with inpatient falls with an OR of approxi-
mately 4–5 [ 17 ]. 

 In their case-control study, Vestergaard et al. [ 48 ] found a dose-response relation-
ship with risk of fracture for levodopa alone or combined with carbidopa and/or cate-
chol-O-methyltransferase (COMT) inhibitors. No excess fracture risk was associated 
with anticholinergic drugs, monoamine oxidase (MAO)-B inhibitors, or dopamine 
agonists after adjusting for numerous covariates. It is important to note that the doses 
of these drugs were low. The increased risk of fracture associated with levodopa and 
correlated with the dose may be due to confounding by indication, where increased 
drug use may be due to increased disease severity. An additional noteworthy point is 
that this study did not specifi cally evaluate falls or other injuries due to falls. 
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 Similarly, Parashos [ 40 ] found that the levodopa equivalent dosing (LED) was 
signifi cantly associated with presence ( p  = 0.014), number of falls ( p  = 0.032), and 
total events ( p  = 0.033). When accounting for disease duration, LED was no longer 
a signifi cant predictor for any of the outcomes. 

 Furthermore, in their multivariate analysis, Almeida et al. [ 3 ] found that LED 
was an independent risk factor ( p  = <0.05) for recurrent falls (two or more falls per 
year) with an OR of 1.283 per 100 mg increase (95 % CI 1.092–1.507). This fi nding 
may be explained by LED’s relationship to longer PD, which may be characterized 
by disease severity and postural instability. 

 In their 1-year prospective study, Allcock et al. [ 1 ] found that fallers were taking 
more dopaminergic replacement medication than non-fallers (LED fallers 400 mg, 
non-fallers 300 mg,  p  < 0.03). There was no difference in the proportion taking 
dopamine agonists when falls were dichotomized in this way ( p  = 0.18). 

 Grubb et al. [ 24 ] examined administrative databases for the number of hospital-
izations, emergency room visits, fractures, and falls among patients diagnosed with 
PD who initiated therapy with either selegiline or rasagiline. After controlling for 
patient characteristics, general health, disability status, comorbid diagnoses, and 
index prescription characteristics, logistic regression found that rasagiline was asso-
ciated with a signifi cantly lower likelihood of falls (OR 0.552; CI 0.335–0.909) 
compared to patients starting on selegiline therapy. 

 In their 2-year prospective study that evaluated 125 PD patients, Matinolli et al. 
[ 32 ] found that the daily levodopa dose was signifi cantly higher ( P  = 0.002) among 
those who were recurring fallers. The recurrent fallers had a longer PD duration and 
a more severe disease than the nonrecurrent fallers (7.5 years versus 4.8 years, 
 p  = 0.010), but there was no difference in the proportion of patients using levodopa, 
dopamine agonists, selegiline, or entacapone. This fi nding also indicates an associa-
tion between falls, disease duration, and severity, rather than medication alone. 

 Lastly, during the 6-year open-label study of rotigotine transdermal system, 
Elmer et al. [ 15 ] found that 16.5 % of patients experienced falls. It is unclear if these 
falls were due to the drug itself, because about 74 % of patients were on concomitant 
use of levodopa and other antiparkinson drugs. In a later study [ 37 ], patients who 
were younger than 65 years old experienced fewer falls with rotigotine treatment 
than placebo, which may have been the results of a reduction in “off-time.” In the 
over 65 cohort, falls increased in a similar fashion in people taking treatment and 
placebo, but falls were higher than those under the age of 65; this is expected due to 
increased frailty in older age.  

11.3.3     Summary 

 This review on antiparkinson medications ascertained that there are only a small 
number of studies addressing this important issue. The available literature reports 
an increase in falls in patients using antiparkinson medication, particularly those 
using levodopa. It is important to note that the increase in the number of falls was 
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also due to a longer disease duration and disease severity. It is unclear if this 
increased risk can be attributed solely to the disease itself and not due to a positive 
or negative infl uence of the medication. In addition, falls were seen more frequently 
in patients on higher doses of dopaminergic drugs. This fi nding suggests that either 
higher doses increase fall risk or increased fall risk can be attributed solely to more 
severe and advanced disease, as this is a well-documented phenomenon. With this 
in mind, small studies that demonstrate evidence of the benefi ts of dopaminergic 
augmentation on balance and gait may be an indication that these medications 
improve movement and ambulation with a subsequent increase in risk of falling. 

 At present, it remains essential to address the numerous fall-related risk factors 
in this high-risk population. It is imperative that physicians treat the disease to 
improve mobility, freeness of movement, and quality of life. Although some litera-
ture has suggested an association between falls and antiparkinson medication, it is 
arguably an association infl uenced or directly caused by the disease itself. Further 
studies of higher quality are needed to clarify this issue.      
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    Chapter 12   
 Antihypertensives and Cardiovascular 
Medications                     

     Rebecca     L.     Salbu      ,     Rosanne     M.     Leipzig     , and     Fred     C.     Ko    

    Abstract     The use of antihypertensive drugs in the elderly population places 
patients at an increased risk of adverse drug events in both the inpatient and outpa-
tient setting. The setting of appropriate blood pressure goals and using antihyperten-
sive medications is complex and no consensus exists. Hypertension treatment goals 
need to be individualized. Well-known trials have described the risks of falls and 
fall-related injuries in older adults taking antihypertensive medications. The results 
from these studies may not be directly applicable to the population of frail older 
patients. In three meta-analyses conducted in 1999, 2009, and 2013, there was no 
clear statistically signifi cant evidence indicating that antihypertensive medications 
increase the risk of falls, but the clinician still needs to be aware of the impact of 
drug therapies and fall-related injuries. Although the adverse relationship between 
cardiovascular medications and falls and fall-related injuries in older adults is sup-
ported by high-quality and well-conducted observational studies, only thiazide diuret-
ics have been singled out. The safe and effective use of cardiovascular medications in 
physically frail older patients requires deliberate and thoughtful considerations. 
Managing polypharmacy, performing medication reconciliation and review, and 
employing deprescribing strategies will result in an appropriate cardiovascular 
medication regimen while minimizing adverse effects and reducing the risk for falls 
in older patients.  
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   Abbreviations 

  ACCF    American College of Cardiology Foundation   
  ACCORD    Action to Control Cardiovascular Risk in Diabetes   
  ACE    Angiotensin-converting enzyme   
  ADA    The American Diabetes Association   
  AGS    American Geriatrics Society   
  ALLHAT    Antihypertensive and Lipid-Lowering Treatment to Prevent Heart 

Attack Trial   
  ARB    Angiotensin II receptor blockers   
  ASH/ISH    The American Society of Hypertension and The International Society 

of Hypertension   
  BBs    Beta-blockers   
  CCBs    Calcium channel blockers   
  CHEP    The Canadian Hypertension Education Program   
  CI    Confi dence interval   
  ESH/ESC    The European Society of Hypertension and The European Society of 

Cardiology   
  HR    Hazard ratio   
  HYVET    Hypertension in the Very Elderly Trial   
  JNC    Joint National Committee   
  KDIGO    The Kidney Disease Improving Global Outcomes workgroup   
  OR    Odds ratio   
  SBP    Systolic blood pressure   
  SHEP    Systolic Hypertension in the Elderly Program   
  SPRINT    Systolic Blood Pressure Intervention Trial   

12.1         Introduction 

 The use of antihypertensives in the elderly population places patients at an increased 
risk of adverse drug events in both the inpatient and outpatient setting [ 1 ,  2 ]. These 
adverse drug events, including balance and gait impairment, dizziness, and autonomic 
dysregulation contributing to orthostatic hypotension, are among the most common 
and place a patient at an increased risk for fall and fracture [ 3 ,  4 ]. Before reviewing 
specifi c cardiovascular medications that may contribute to falls, it is imperative to 
discuss blood pressure goals in the elderly population, to ensure we are treating the 
patients appropriately, while not placing them at increased risk for adverse events.  

12.2     Hypertension Treatment Goals in Older Adults 

 The management of hypertension in the elderly including setting blood pressure 
goals and using antihypertensive medications is complex. These complex clinical 
decisions stem from the need to consider patient-centered factors such as multiple 
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chronic conditions, physical frailty, and polypharmacy required to achieve these 
goals. The use of multiple cardiovascular medications to achieve blood pressure 
goals was discussed in the well-known Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial (ALLHAT). The authors of this trial con-
cluded that 60 % of patients (mean age 66.9 years old) with a controlled blood pres-
sure of <140/90 mmHg required two or more antihypertensive medications and only 
30 % of patients were controlled on one drug and suggested that for individuals with 
even lower blood pressure goals, three or more medications may be required [ 5 ,  6 ]. 
This need for three or more medications to reach a lower blood pressure goal raises 
concern as it is well known that increasing numbers of medications places elderly 
patients at increased risk for adverse events [ 7 ]. 

 Thus, hypertension treatment goals in older adults need to be decided on an indi-
vidualized basis. Professional medical societies frequently differ when stating an 
ideal blood pressure goal in an elderly patient. In general, these societies often rec-
ommend higher blood pressure goals in the older population compared to younger 
healthier adults. However, the rationales attributing to different age-related blood 
pressure goals are rarely discussed, and the recommendations are seldom absolute 
in the older population. This lack of a defi nitive recommendation for hypertension 
treatment goals is refl ective of an absence of randomized clinical trial data on the 
treatment of hypertension in physically frail elderly patients [ 4 ]. 

 In 2011, the American College of Cardiology Foundation (ACCF) published an 
expert consensus document on hypertension in the elderly, in collaboration with vari-
ous professional organizations including the American Geriatrics Society (AGS) [ 4 ]. 
The Expert Consensus Document on Hypertension in the Elderly Recommendations 
are as follows: (1) systolic blood pressure (SBP) values <140 mmHg are appropriate 
goals for most patients 60–79 years of age, and (2) for those 80 years of age and 
older, SBP values 140–145 mmHg, if tolerated, can be acceptable. The ACCF’s con-
sensus statement expresses specifi c concerns with each antihypertensive medication 
class in the elderly population, which may help to guide clinicians in making treat-
ment decisions. For instance, the ACCF describes the benefi ts, but also the risks of 
diuretics, dihydropyridines, and centrally acting antihypertensives with regard to 
falls, stating that these medications may be doing more harm than good [ 4 ]. Diuretics 
may cause sodium and water depletion and increase risk for orthostatic hypotension 
and dehydration thus potentially leading to falls. Dihydropyridines have vasodilatory 
effects which can result in postural hypotension leading to dizziness and falls. Lastly, 
centrally acting agents, such as clonidine, increase risk of sedation and bradycardia 
and should not be considered fi rst-line treatment for hypertension [ 4 ]. 

 Blood pressure goals in the elderly patient have been recommended by a number 
of other professional medical societies. These include the Eighth Joint National 
Committee (JNC), European Society of Hypertension and European Society of 
Cardiology (ESH/ESC), American Society of Hypertension and International 
Society of Hypertension (ASH/ISH), Canadian Hypertension Education Program 
(CHEP), American Diabetes Association (ADA), and Kidney Disease Improving 
Global Outcomes (KDIGO) workgroup [ 8 – 13 ] (Table  12.1 ). Because of the  differing 
blood pressure goals recommended by these professional societies, the management 
of hypertension in the elderly can become a confusing task for clinicians.
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12.3        Associations Between Cardiovascular Medications 
and Falls: The Evidence 

 There is compelling evidence that pharmacologic treatment of hypertension in 
elderly patients decreases the risk of adverse cardiovascular disease outcomes. 
However, less is known about the optimal blood pressure threshold and risk of falls 
and fall-related injuries due to hypertension treatment in older adults. This gap in 
knowledge may be directly attributed to a number of reasons including the absence 

   Table 12.1    Blood pressure goals in older patients recommended by professional medical societies 
[ 8 – 13 ]   

 Society 
(year) 

 Goal Systolic Blood Pressure (SBP) and 
Diastolic Blood Pressure (DBP) 

 Comments  60–79 years old  ≥80 years old 

 ASH/ISH 
(2014) 

 SBP <140 mmHg  SBP <150 mmHg  States SBP <150 mmHg associated 
with strong cardiovascular and 
stroke protection 

 ESH/ESC 
(2013) 

 SBP <140 mmHg  SBP 140–150 mmHg  Recommendations provided for 
patients in good physical and 
mental conditions only 

 ACCF 
(2011) 

 SBP <140 mmHg  SBP 140–145 mmHg 
if tolerated 

 Discusses risks with specifi c 
classes of medications and how 
they may lead to falls 

 CHEP 
(2015) 

 SBP <140 mmHg 
and DBP <90 mmHg 

 SBP <150 mmHg  Notes caution should be exercised 
in elderly patients when initiating 
combination therapy, as this may 
be poorly tolerated 

 ADA 
(2015) 

 SBP of <140 mmHg and DBP of <90 mmHg 
for patients with both diabetes and 
hypertension, regardless of age 

 Does not recommend goal based 
on age 
 States lower blood pressure goals 
may be appropriate for younger 
patients 

 JNC 8 
(2014) 

 For individuals >60 years old, SBP 
<150 mmHg and DBP <90 mmHg 

 More conservative than JNC 7 
recommendations 

 KDIGO 
(2012) 

 SBP <140 and DBP <90 mmHg in 
non-albuminuric patients, unable to 
recommend specifi c blood pressure goals in 
the elderly, and even harder to make 
recommendations in individuals >80 years old 

 Notes that blood pressure goals 
may be diffi cult to achieve without 
adverse effects 
 Suggests asking older patients 
being treated for high blood 
pressure about dizziness and to 
measure blood pressure while 
sitting and standing to assess for 
orthostatic hypotension 

   ASH/ISH  American Society of Hypertension and International Society of Hypertension,  ESH/ESC  
European Society of Hypertension and European Society of Cardiology,  ACCF  American College 
of Cardiology Foundation,  CHEP  Canadian Hypertension Education Program,  ADA  American 
Diabetes Association,  JNC 8  Eighth Joint National Committee,  KDIGO  Kidney Disease Improving 
Global Outcomes workgroup  
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of falls and fall-related adverse events as primary outcomes and exclusion of physi-
cally frail older adults in hypertension clinical trials. Thus, it is likely that cardiovas-
cular medication-associated adverse events are suboptimally reported in physically 
frail older adults who are at higher risk for falls. Furthermore, this defi cit in knowl-
edge has signifi cant implications in the clinical care of older adults. As an illustra-
tion, when a clinician is presented with a physically frail elderly patient with 
elevated blood pressure, what should the treatment goal be for this patient, to which 
professional society treatment guideline should the clinician adhere, and would 
stringent therapy lead to increased falls and adverse events such as hip fractures, 
functional impairments, and long-term care placement? 

 In this section, we will review evidence that supports or refutes associations 
between antihypertensive and cardiovascular medications and falls and fall-related 
injuries. The evidence is derived from clinical studies of older adults and is grouped 
by study design (i.e., randomized controlled trials, observational studies, and sys-
tematic reviews). 

12.3.1     Randomized Controlled Trials 

 Well-known, notable randomized controlled trials have described the risks of falls 
and fall-related injuries in older adults taking antihypertensive medications [ 14 – 17 ]. 
Although the Systolic Hypertension in the Elderly Program (SHEP), the 
Hypertension in the Very Elderly Trial (HYVET), the Action to Control 
Cardiovascular Risk in Diabetes (ACCORD), and the Systolic Blood Pressure 
Intervention Trial (SPRINT) reported relatively low risks of falls and fall-related 
injuries in older adults taking antihypertensive medications, it is important to 
remember that these reported low risks were either observed in trials of relatively 
healthy older adults or younger geriatric patients (Table  12.2 ). These trials did not 
always have falls and fractures as their primary outcome and did not include patients 
residing in nursing homes or assisted living facilities, and falls were often self- 
reported. It is critical to recognize that many older adults have multiple comorbidi-
ties, physical frailty, and disability, all of which could increase their vulnerability to 
adverse outcomes. Thus, fi ndings from these trials may not be directly applicable to 
the clinical management of hypertension in frail older patients who are at higher 
risk for poor clinical outcomes and may experience higher rates of harmful medica-
tion effects than the average trial participant.

12.3.2        Observational Studies 

 The associations between antihypertensive and cardiovascular medications and falls 
and fall-related injuries have been examined by a number of observational studies. 
Because randomized controlled trials do not ascertain falls and fall-related injuries 
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as their primary outcomes, well-conducted prospective or retrospective studies 
exploring these associations may provide better insight into this clinically important 
question. 

 A meta-analysis performed by Leipzig and colleagues critically evaluated the 
evidence linking specifi c classes of cardiovascular medications to falls in older 
adults. All studies included in this meta-analysis provided data on the number of 
fallers and non-fallers using medications from the following classes: any diuretic, 
loop diuretics, thiazide diuretics, beta-blockers (BBs), centrally acting antihyper-
tensives, calcium channel blockers (CCBs), angiotensin-converting enzyme (ACE) 
inhibitors, type IA antiarrhythmic agents, and digoxin. The authors concluded that 
diuretic use (pooled OR 1.08; 95 % CI 1.02–1.16), digoxin (pooled OR 1.22; 95 % 
CI 1.05–1.42), and type IA antiarrhythmics (pooled OR 1.59; 95 % CI 1.02–2.48) 
were weakly associated with an increase in the risk of one or more falls of older 
adults. The risk of falls was greater with thiazide diuretics than with loop diuretics 
(pooled OR 1.06 vs. 0.90). The authors also concluded that patients taking more 
than three to four medications and those taking more than one antihypertensive 
medication were at increased odd of falling [ 18 ]. 

 A quantitative update to the meta-analysis described above was published in 
2009 by Woolcott and colleagues, providing new data for medications previously 
assessed by Leipzig and colleagues as well as new medication classes. This meta- 
analysis did not show an association between falls and diuretics (Bayesian 
adjusted OR 0.99; 95 % CI 0.78–1.25) or with BBs (Bayesian OR 1.01; 95 % CI 
0.86–1.17) [ 19 ]. Given the divergent results, the authors reiterated the need for 
caution when prescribing antihypertensive and cardiovascular medications to 
older adults. This comment was supported in a recent review of meta-analyses 
performed by Zang which attempted to determine whether the administration of 
thiazide diuretics, ACE inhibitors, angiotensin II receptor blockers (ARB), CCBs, 
and/or BBs affected the risk of fall-related injuries in elderly patients aged 
≥60 years old. The author concluded that there was no clear, statistically signifi -
cant evidence indicating antihypertensive medications increase the risk of falls, 
but that the clinician needs to be aware of the impact of drug therapies and fall-
related injuries [ 20 ]. 

 The studies described below are high-quality observational studies that are 
either not included in, or published since, the latest meta-analysis on this topic 
[ 19 ]. A number of observational studies support the notion that antihypertensive 
and cardiovascular medications are associated with increased falls and fall-related 
injuries. Using a representative sample of older adults in the United States, Tinetti 
and colleagues reported a well-conducted prospective study that demonstrated the 
association of antihypertensive medication use and serious fall-related injuries 
including hip and other major fractures, traumatic brain injuries, and joint disloca-
tions [ 21 ]. The participants included 4,961 community-dwelling adults aged 
70 years old and above with hypertension who were followed for 3 years. 
Competing risk analyses were performed with propensity score using a cumulative 
logit regression model with adjustment and matching in the US representative 
Medicare Current Benefi ciary Survey cohort. The antihypertensive medication 
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classes examined included diuretics, renin-angiotensin system blockers (ACE 
inhibitors and ARBs), BBs (selective, nonselective, and α-β-blocker agents), CCBs 
(nondihydropyridines and dihydropyridines), centrally acting antiadrenergic 
agents, and others (peripheral acting antiadrenergic agents or vasodilators). 
Antihypertensive medication intensity was then calculated based on the standard-
ized daily dose for each antihypertensive medication class that participants used. 
Of these participants, 14.1 % received no antihypertensive medications, 54.6 % 
were in the moderate-intensity group, and 31.3 % were in the high-intensity group. 
During follow-up, 446 participants (9 %) experienced serious fall-related injuries 
and 837 (17 %) died. The risks for serious fall-related injury calculated by Cox 
proportional hazards regression were higher in the moderate-intensity (HR 1.40; 
95 % CI 1.03–1.90) and high- intensity (HR 1.28; 95 % CI 0.91–1.80) antihyperten-
sive groups compared with nonusers. Interestingly, no individual class of antihy-
pertensive was associated with an increased risk of serious fall-related injuries. 
Moreover, in the 503 participants who had a previous fall-related injury, the risks 
for serious fall injury were even higher in both the moderate-intensity (HR 2.17; 
95 % CI 0.98–4.80) and high- intensity (HR 2.31; 95 % CI 1.01–5.29) antihyperten-
sive groups. Thus, the authors concluded that antihypertensive medications were 
associated with an increased risk of serious fall-related injuries, particularly among 
those with previous fall injuries [ 21 ]. 

 The fi ndings from Tinetti and colleagues are supported by several smaller obser-
vational studies that investigated risk factors for falls among older adults living in 
the community [ 21 – 23 ]. In a retrospective study of 2,793 respondents aged 65 years 
old and above in North East England, Prudham and colleagues found that the annual 
prevalence rate of self-reported falls was 28.0 %. The fallers, compared with non- 
fallers, showed higher prevalence of problems with mobility and daily living, ver-
tigo, double vision, fainting, and episodes of weakness or numbness. In addition, 
the proportion of fallers using diuretics was higher than that in non-fallers (22.6 % 
vs. 17.6 %,  p  < 0.01,  chi - square ) [ 22 ]. In a separate prospective study of 336 partici-
pants aged 75 years old and above, Tinetti and colleagues reported that 108 partici-
pants (32 %) fell at least once and 24 % of those who fell had serious injuries and 
6 % had fractures during 1 year of follow-up. Predisposing factors for falls identi-
fi ed by multiple regression models included disability of the lower extremities (OR 
3.8; 95 % CI 2.2–6.7) and abnormalities of balance and gait (OR 1.9; 95 % CI 1.0–
3.7). Moreover, fallers compared to non-fallers were more likely to use diuretics, 
antihypertensive agents, and cardiovascular medications (adjusted RR 1.5; 95 % CI 
1.1–2.1) [ 23 ]. 

 Although studies suggest that antihypertensive medications increase falls in 
some elderly patients, the size of medication class-specifi c adverse effects remains 
unclear. Gribbin and colleagues explored the effect size of antihypertensive medica-
tions on falls in a large case-control study of participants over 60 years of age utiliz-
ing the Health Improvement Network primary care database in the United Kingdom 
[ 24 ]. Participants with a recorded fall in primary care practices were selected as 
cases (9,682 cases) and were matched by age, gender, and general practice to con-
trols. Medication classes studied included thiazide diuretics, ACE inhibitors, ARBs, 
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BBs, and CCBs. Using conditional logistic regression models, the risk of fi rst fall 
for participants ever prescribed thiazides was 25 % higher than for those never pre-
scribed (OR 1.25; 95 % CI 1.15–1.36). Moreover, this medication class-specifi c 
adverse effect was stronger in the 3 weeks after the fi rst thiazide prescription (OR 
4.28; 95 % CI 1.19–15.42). In contrast, the prescribing of BBs reduced risk for fall 
(OR 0.90; 95 % CI 0.85–0.96). The prescribing of any other class of antihyperten-
sive medications was not associated with falls [ 24 ].  

12.3.3     Systematic Reviews 

 A review conducted by Darowski and Whiting specifi cally focused on cardiovas-
cular medications and falls. The authors recognized that while it is widely known 
that cardiovascular medications cause syncope, the data showing that these med-
ications cause falls is inconclusive [ 25 ]. They commented specifi cally on the 
mechanisms of cardiovascular-related falls, stating a sudden cessation of cere-
bral blood fl ow for 6–8 s and/or a decrease in SBP to 60 mmHg was signifi cant 
enough to cause complete loss of consciousness. The drop in blood pressure 
caused by cardiovascular medications may be insuffi cient to cause loss of con-
sciousness on its own, but may cause a feeling of faintness or unsteadiness suf-
fi cient enough to make a person prone to falling [ 25 ]. Darowski described 
correlations between falls with lower standing SBPs, orthostatic hypotension, 
cardiac arrhythmias leading to syncope, carotid sinus hypersensitivity, and neu-
rally mediated syncope. All of these conditions described above can be further 
exacerbated, and fall risk increased, when cardiovascular medications are added. 
The authors concluded that although studies may report a weak relationship 
between cardiovascular medications and falls, these studies are contrary to expert 
opinions and experiences in fall clinics and suggested that well-conducted stud-
ies are needed to better refl ect the older frail patients on multiple medications 
who often seek care in these specialized services. 

 Howard and colleagues published a systematic review aiming to estimate the 
percentages of preventable hospital admissions and the most common underlying 
causes of preventable medication-related admissions. Of the hospital admissions 
( n  = 1,263) due to adverse medication reactions and overtreatment in all patients, 
diuretics accounted for 16 % ( n  = 202). These preventable hospital admissions were 
a result of prescribing problems (30.6 %, range 11.1–41.8), adherence problems 
(33.3 %, range 20.9–41.7), and monitoring problems (22.2 %, range 0–31.3) [ 26 ]. 
Although the authors did not provide additional detail regarding the reason for 
hospital admission due to diuretic use, common side effects of diuretics including 
dizziness, vertigo, and diuresis leading to urgent need for voiding may have been 
potential inducers of falls. In addition, the overtreatment with diuretics may have 
led to hypotension and dehydration, thus potentially placing a patient at higher risk 
for falls.   
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12.4     Other Common Adverse Effects of Cardiovascular 
Medications 

 Our own review of the adverse effects that may occur with various classes of cardio-
vascular medications reveals a variety of potential mechanisms that may predispose 
an older patient to falling. Table  12.3  lists potential adverse effects associated with 
a variety of cardiovascular medications, many of which are often used in combina-
tion to achieve a therapeutic endpoint. Dizziness, fatigue, hypotension, orthostatic 
hypotension, and weakness are most frequently listed within the classes of medica-
tions. These adverse effects are particularly concerning in physically frail older 
adults, especially if they are concurrently receiving medications in more than one 
class, resulting in additive adverse effects.

12.5        Conclusions 

 The adverse relationship between cardiovascular medications and falls and fall- 
related injuries in older adults is supported by high-quality and well-conducted 
observational studies. However, aside from thiazide diuretics, there is limited evi-
dence to clearly delineate these associations between individual antihypertensive or 
cardiovascular medications and falls and fall-related injuries in older adults due to 
limitations of hypertension clinical trials described in this chapter. This gap in 
knowledge poses a signifi cant challenge to clinicians in the treatment of hyperten-
sion in frail older adults who are at particularly high risk for falls. Thus, in the 
absence of a consensus blood pressure goal, along with unanswered questions 
regarding the desired intensity of treatment in older patients with hypertension, cli-
nicians should exercise care and use their best clinical judgment to optimize cardio-
vascular outcomes while minimizing treatment-associated adverse events in these 
vulnerable patients. 

 The safe and effective use of cardiovascular medications in physically frail 
older patients requires deliberate and thoughtful considerations. Other key 
areas of emphasis need to include polypharmacy assessment, medication rec-
onciliation and review, and deprescribing (medication debridement) strategies 
as discussed in other chapters of this book. Increased pill burden in older 
patients may result in poor adherence of cardiovascular medication regimens 
and subsequent inaccurate blood pressure assessment by clinicians. This in 
turn may lead to uncontrolled blood pressure that is followed by a dangerous 
and unnecessary prescribing cascade of additional classes of antihypertensive 
medications in order to achieve blood pressure goals. Furthermore, modifica-
tion of medication regimens along with the ever- changing appearances of 
generic medications and increasing production of combination pills create 
additional sources of confusion for older patient. Importantly, medication 

12 Antihypertensives and Cardiovascular Medications



158

   Table 12.3    Adverse effects of cardiovascular medications [ 27 ]   

 Cardiovascular 
medication class  Adverse effects associated with falls 

 ACE inhibitors  Dizziness  Hypotension  Syncope 
 Fatigue  Orthostatic 

hypotension 
 Weakness 

 ARBs  Dizziness  Hypotension  Vertigo 
 Fatigue  Orthostatic 

hypotension 
 BBs  Arthralgia  Dizziness  Orthostatic hypotension 

 Arthritis  Fatigue  Paresthesia 
 Bradycardia  Hypotension  Peripheral edema 
 Decreased mental 
acuity 

 Lethargy 
 Muscle cramps 

 CCBs  Bradycardia  Fatigue  Paresthesia 
 Dizziness  Hypotension  Peripheral edema 
 Drowsiness  Muscle cramps  Weakness 

 Myalgia 
 Diuretics  Dehydration  Light-headedness  Vertigo 

 Dizziness  Orthostatic 
hypotension 

 Weakness 

 Hypotension  Paresthesia 
 Vasodilators  Dizziness  Light-headedness  Weakness 

 Edema  Orthostatic 
hypotension 

 Hypotension  Tremor 
 Aldosterone antagonists  Dizziness  Fatigue 

 Drowsiness  Lethargy 
 Alpha agonists  Arthralgia  Edema  Numbness 

 Blurred vision  Fatigue  Paresthesia 
 Bradycardia  Leg cramps  Sedation 
 Delirium  Lethargy  Syncope 
 Dizziness  Malaise  Tremor 
 Drowsiness  Myalgia  Weakness 

 Alpha-blockers  Dizziness  Hypotension  Orthostatic hypotension 
 Drowsiness  Malaise  Vertigo 
 Edema  Muscle cramps  Weakness 
 Fatigue  Myalgia 

 Antiarrhythmics – 
classes Ia, Ib, Ic 

 Arthralgia  Incoordination  Syncope 
 Blurred vision  Light-headedness  Tremor/trembling 
 Dizziness  Numbness of 

fi ngers/toes 
 Unsteady gait 

 Fatigue  Paresthesia  Weakness 
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adherence counseling along with continual medication reconciliation needs to 
be a part of the prescribing process in order to determine the appropriate car-
diovascular medication regimen while minimizing adverse effects and reduc-
ing the risk for falls in older patients.     
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    Chapter 13   
 Glucose Control Medications                     

     Louise     Mallet     

    Abstract     Elderly patients with diabetes are at risk of falls. Various neuropathies, 
nephropathy, orthostatic hypotension (OH), and retinopathy may contribute to fall 
risk in this population. The dosage of renally excreted oral hypoglycemic agents 
needs to be carefully adjusted to avoid hypoglycemia. Long-acting sulfonylureas 
such as glyburide and glimepiride should be avoided in older individuals. Metformin 
has a low risk of hypoglycemia, but when used in the situation of decreased renal 
function, there is an elevated risk of lactic acidosis. New dipeptidyl peptidase-4 
(DPP4) inhibitors are excreted renally and their dosage should be adjusted. Patients 
with type 2 diabetes are 1.6 times more likely to have a fracture and 2.8 times more 
likely to have a hip fracture than patients without diabetes. The use of thiazolidin-
ediones doubles the risk of fractures in women when compared to other oral hypo-
glycemia agents. Metformin can cause vitamin B12 defi ciency which can be 
associated with neuropathy and increase the risk of falls. The literature studying 
the use of antidiabetic medications and the risk of falls is limited. Trials were not 
originally designed to evaluate the risk of falls or fractures, and some studies were 
done over short periods of time. Information on the risk of falls with the use of 
newer antidiabetic medications such as glucagon-like peptide 1 receptor agonists are 
lacking.  

   Abbreviations 

  CI    Confi dence interval   
  DM    Diabetes mellitus   
  DN    Diabetic nephropathy   
  DPP4    Dipeptidyl peptidase-4   
  DPN    Distal polyneuropathy   
  DR    Diabetic retinopathy   
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  DSPN    Distal symmetric polyneuropathy   
  eGFR    Estimated glomerular fi ltration rate   
  OH    Orthostatic hypotension   
  OR    Odds ratio   

13.1         Introduction 

 Falls represent a major health burden in older adults with diabetes mellitus (DM) 
[ 1 ]. The annual incidence of falls in elderly adults with DM has been reported to be 
39 % [ 2 ]. Different factors may contribute to falls among older diabetic patients 
including microvascular-related complications such as neuropathy, retinopathy and 
nephropathy, foot and body pain, poor balance, impaired vision, arthritis, history of 
cardiovascular disease, depression, and the use of multiple medications [ 2 ,  3 ]. This 
chapter will discuss the different factors associated with falls in diabetic patients.  

13.2     Falls, Fractures, and Diabetes Mellitus 

13.2.1     Neuropathies 

 Neuropathies can present in different forms in diabetic patients and can have a sig-
nifi cant impact on the quality of life of these patients. Diabetic neuropathies include 
mononeuropathies, polyneuropathy, and autonomic neuropathy. Distal symmetric 
polyneuropathy (DSPN) is a common chronic complication of diabetes mellitus in 
older adults. The pathogenesis of DSPN is not fully understood, but it is multifacto-
rial in nature, related to chronic hyperglycemia, duration of diabetes, and cardiovas-
cular risk factors [ 4 ]. DSPN predisposes patients to the development of neuropathic 
foot ulcers, pain syndromes, and unsteadiness. Neuropathic foot ulcers are the lead-
ing cause of foot amputation in the United States [ 5 ]. Patients suffering from DSPN 
often have impaired mobility. 

 Proximal motor neuropathy is primarily found in elderly diabetic patients. Patients 
present with proximal muscle weakness and muscle wasting. The onset may be acute 
or gradual. It may start on one side and then progress to involve both sides. Pain is 
reported in the thighs, hips, or buttocks [ 6 ]. 

 Chronic sensorimotor distal polyneuropathy (DPN) is a common form of diabetic 
neuropathy. DPN involves small and large sensory nerve fi bers. Patients present with 
a “glove and stocking” distribution of sensation loss. Patients report a sensation of 
“walking on cotton,” “fl oors feeling strange,” inability to turn the pages of a book and 
inability to discriminate between different types of coins. Severe distal muscle weak-
ness may also develop with this syndrome and contribute to an inability to stand on 
one’s toes or on one’s heels [ 6 ]. Data from the Women’s Health and Aging study 
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reported that diabetic women had more diffi culties performing activities of daily liv-
ing tasks such as walking two to three blocks, using a telephone, bathing, and lifting 
objects weighing 10 lb [ 7 ]. Patients with neuropathy have slow walking speed, 
reduced step length when walking on irregular surfaces, impaired peripheral sensa-
tion, increased reaction time, impaired balance, and falls [ 8 ]. 

 Orthostatic hypotension (OH) is an important risk factor for falls and can be a 
consequence of a diabetic autonomic neuropathy. It is defi ned as a drop in systolic 
blood pressure of more than 20 mmHg or diastolic blood pressure of more than 
10 mmHg within 3 min after assuming the standing position from supine [ 9 ]. 
Orthostatic hypotension is frequently found in older individuals as well as in frail 
elderly adults [ 9 ]. Low et al. reported a prevalence of orthostatic hypotension in 8.4 % 
and 7.4 % of type 1 and type 2 diabetic patients, respectively [ 10 ]. Orthostatic hypo-
tension increases the risk of syncope, falls, and injury. Common symptoms reported 
by patients are dizziness, light-headedness when standing, fainting, or darkening or 
clouding of vision.  

13.2.2     Retinopathy and Visual Impairments 

 Diabetic retinopathy (DR), a microvascular complication of diabetes, represents the 
leading cause of blindness in the United States [ 11 ]. DR is classifi ed as being non-
proliferative or proliferative. Signs of nonproliferative DR are microaneurysms and 
retinal hemorrhages with the presence of cotton-wool spots, venous bleeding, and 
intraretinal microvascular abnormalities. Proliferative DR is characterized by the 
growth of new blood vessels which are present on the surface of the retina or the 
optic disc. These abnormal vessels can bleed resulting in vitreous hemorrhage, 
fi brosis, and retinal detachment. Diabetic macular edema can appear at any stage of 
DR, caused by increased vascular permeability, leading to hemorrhages and the 
presence of hard exudates in the central retina [ 11 ,  12 ]. 

 Diabetics older than 65 years also have twice the risk of developing cataracts and 
three times the risk of presenting with glaucoma than those without diabetes [ 13 ]. 
Vision loss associated with DM results in an increased risk of falls and accidents 
due to impaired visual acuity, depth perception, and contrast sensitivity [ 14 ].  

13.2.3     Nephropathy and Oral Hypoglycemic Agents 

 Diabetic nephropathy (DN) is the cause for more than 50 % of all cases of end-stage 
renal disease in people over the age of 65 years worldwide [ 15 ]. DN causes a decline 
in glomerular fi ltration rate and albuminuria. Medications and/or their metabolites 
that are renally excreted can accumulate with DN. Dosages of oral hypoglycemic 
agents and insulin need to be carefully selected to avoid hypoglycemia which can 
lead to increased risk of falls and fall-related morbidity in the elderly. 
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 The fi rst-generation sulfonylureas (e.g., chlorpropamide) are contraindicated in 
the elderly since they are exclusively cleared by the kidneys [ 16 ]. These medica-
tions should no longer be prescribed. Long-acting sulfonylureas such as glyburide 
and glimepiride have been associated with an increased risk of hypoglycemia in 
elderly patients [ 16 ]. Glyburide is eliminated renally, has an active metabolite with 
a long half-life, and should be avoided in older diabetic patients [ 17 – 19 ]. Reductions 
in renal functioning can lead to reduced renal catabolism of insulin and renal gluco-
neogenesis resulting in lower insulin requirements in the elderly [ 19 ]. 

 Metformin is well tolerated in the elderly with low risk of hypoglycemia. 
However, in patients with renal insuffi ciency, the risk of lactic acidosis is increased; 
renal function should be monitored before and during metformin therapy [ 16 ]. 
Dosage adjustment is necessary for metformin in the presence of renal impairment, 
and it is recommended not to prescribe metformin when the estimated glomerular 
fi ltration rate (eGFR) falls below 30 ml/min per 1.73 m 2  [ 20 ]. Sitagliptin, a DPP4 
inhibitor, is excreted mostly unchanged in the urine. The terminal half-life of sita-
gliptin in patients with mild, moderate, severe, and end-stage renal disease increased 
to 16.1, 19.1, 22.5, and 28.4 h, respectively [ 16 ]. Saxagliptin has an active metabo-
lite (5-hydroxy-saxagliptin) that is also renally excreted. The serum concentrations 
(area under the curves) of saxagliptin and its metabolites are 2.1- and 4.5-fold higher 
in the presence of severe renal impairment (eGFR less than 30 ml/min) [ 16 ]. 
Therefore, the dose of saxagliptin needs to be adjusted in patients with chronic renal 
disease stages 3 to 5D [ 16 ]. 

 Incretin mimetic agents such as exenatide is primarily excreted and converted 
into inactive peptide fragments by the kidney. In patients with end-stage renal dis-
ease, eGFR less than 30 ml/min, toxic blood levels of exenatide have been detected 
[ 16 ]. Limited data are available for the safe use of liraglutide with a creatinine clear-
ance of less than 60 ml/min [ 16 ]. 

 Renal impairment and decreased vitamin D metabolism can also decrease muscle 
strength and bone mineral density and increase fall and fracture risk.  

13.2.4     Bone Fragility 

 Fractures and diabetes are prevalent in older adults and the relation between diabe-
tes and osteoporosis is complex. Studies have reported a higher risk of fractures in 
both type 1 and type 2 diabetes even though bone mineral density is unchanged or 
moderately increased in type 2 diabetes [ 21 ]. Patients with type 2 diabetes are 1.6 
times more likely to have a fracture than patients without diabetes and 2.8 times 
more likely to have a hip fracture [ 14 ,  21 ]. The quality of the bone has been ques-
tioned. Diabetic nephropathy can also lead to renal osteodystrophy. Renal impair-
ment and decreased vitamin D metabolism can also decrease muscle strength and 
bone mineral density and increase fall and fracture risk. 

 Visceral fat accumulation and loss of lean body mass may also contribute to poor 
bone quality. Poor glycemic control can lead to the accumulation of nonenzymatic 
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glycation end products which can interfere with the collagen metabolism within 
the bone [ 22 ]. 

 The A Diabetes Outcome Progression Trial (ADOPT) reported an increased risk 
of peripheral fractures in women on rosiglitazone but no increase in the risk of falls 
[ 23 ]. Thiazolidinediones have been found to double the risk of distal upper and 
lower limb fractures in women when compared to other oral hypoglycemic agents 
[ 23 ,  24 ]. This class of drug should be avoided in diabetic patients at risk for falls. 
The pathophysiologic mechanism has been postulated that this class of drug causes 
an increase in adipocyte differentiation, which in turn leads to a decrease in osteo-
blast formation resulting in decreased new bone formation [ 25 ].   

13.3     Oral Hypoglycemic Medications and Risk of Falls 

13.3.1     Sulfonylureas 

 Lapane reported in 2013 the results of a systematic review that included 9 random-
ized trials and 12 nonexperimental studies to assess the association between sulfo-
nylurea medications and falls or fall-related fractures among diabetic older adults. 
The studies included community-dwelling patients or those living in nursing homes 
[ 26 ]. Frail elderly patients were excluded from these trials. Furthermore, these trials 
were not designed to evaluate the risk of falls or fractures with sulfonylurea. 
Fractures or falls were not included as primary outcomes. Some of the studies were 
performed over a short period of time with few fracture events to provide meaning-
ful results. Comparison groups or defi nition of medication exposure was unclear. 
This systematic review did not fi nd an increased risk of falls or fractures with sulfo-
nylureas [ 26 ]. Further studies are needed to clarify the effect of sulfonylureas on 
falls or fall-related fractures in older adults at risk of hypoglycemia.  

13.3.2     Metformin 

 Metformin is the drug of choice for the fi rst-line management of type 2 diabetes 
mellitus in older adults. It is not directly associated with an increased risk of falls 
and fractures. Metformin has been shown to cause vitamin B12 defi ciency, which is 
associated with neuropathy and an increased risk of falls [ 25 ]. This risk is associated 
with increasing age of the patient, metformin dose, and the duration of use [ 27 ]. In 
a nested case control study, Ting et al. compared 155 Chinese diabetic patients on 
metformin with 310 matched controls. For each 1 g/day increase in the metformin 
dose, an odds ratio of 2.88 (95 % CI 2.25–3.87;  p  < 0.001) was found for developing 
vitamin B12 defi ciency. In patients using metformin for ≥3 years, the adjusted OR 
was 2.4 (95 % CI 1.46–3.91) compared with patients who used metformin for less 
than 3 years [ 28 ]. Normally, vitamin B12 binds to an intrinsic factor complex, via a 
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calcium-dependent process, in the gastrointestinal tract. It is postulated that metfor-
min competes with these calcium-binding sites resulting in vitamin B12 malabsorp-
tion [ 25 ,  27 ]. Elderly patients on metformin should have periodic screening for 
vitamin B12 defi ciency and given oral vitamin B12 supplements if necessary.  

13.3.3     Other Agents 

 Limited date is available regarding an increased risk of falls or fractures with other 
classes of diabetes medications. Studies of DPP4 inhibitors have not been associated 
with an increased risk of falls. These agents also have a low risk of hypoglycemia. 
As previously mentioned, these agents need to be adjusted for reduced renal func-
tion [ 25 ]. 

 Alpha-glucosidase inhibitors are oral antidiabetic medications that prevent the 
digestion of carbohydrates. These agents do not increase the risk of falls. A study of 
four patients evaluated the effects of acarbose on postprandial hypotension. Acarbose 
signifi cantly improved postprandial fall in systolic and diastolic blood pressures [ 29 ].   

13.4     Conclusion 

 Few studies are available regarding the risk of falls and diabetes medications. Some 
sulfonylureas are contraindicated in elderly patients or their dosage needs to be 
adjusted for decreases in renal function. Due to poor study design, falls have not been 
conclusively associated with antidiabetic agents. Prolonged hypoglycemia has been 
reported with glyburide. Further high-quality studies are needed to evaluate the risk 
of falls and fractures with diabetes medications in the elderly.     
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    Chapter 14   
 Inappropriate Medications and Risk of Falls 
in Older Adults                     

     Jennifer     Greene     Naples      ,     Joseph     T.     Hanlon      ,     Christine     M.     Ruby      , 
and     Susan     L.     Greenspan     

    Abstract     Among older adults, potentially inappropriate medications have been 
associated with an increased risk of falls and hip fractures (a proxy measure for 
serious falls). In addition to the medications listed in other chapters in this book, 
skeletal muscle relaxants (SMR), antiepileptic drugs (AED), opioids, and combina-
tions of medications affecting the central nervous system (CNS) have been shown 
to increase the risk of serious falls. Moreover, this increased risk is even more pro-
nounced among older adults with a previous history of falls and hip fractures. This 
chapter will summarize literature highlighting the specifi c risks of these medica-
tions, with an emphasis on rigorously designed observational studies.  
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  AED    Antiepileptic drug   
  ARR    Adjusted risk ratio   
  AOR    Adjusted odds ratio   
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  CNS    Central nervous system   
  CYP    Cytochrome P450   
  IRR    Incident risk ratio   
  NCQA    National Committee for Quality Assurance   
  OR    Odds ratio   
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  PIM    Potentially inappropriate medications   
  RR    Relative risk   
  SMR    Skeletal muscle relaxants   
  US    United States   

14.1         Introduction 

 Potentially inappropriate medications (PIM) in older adults are those where the pos-
sible risks associated with their use outweigh potential benefi ts [ 1 ]. Alternatively, 
PIM may be defi ned as the use of medications in a manner that does not align with 
generally accepted medical standards [ 2 ]. Evidence-based explicit criteria have 
been developed through consensus by expert panels to categorize PIM in several 
ways, including drugs to avoid in the elderly, excessive dose, therapeutic duplica-
tion, prolonged duration, and drug-drug and drug-disease interactions [ 3 ,  4 ]. 

 Other chapters in this textbook have focused on drug classes to avoid based on 
their ability to increase fall risk (e.g., benzodiazepines, antidepressants, and anti-
psychotics). This chapter will expand discussion to four additional topics that rep-
resent one of the explicit criteria included in the 2015 American Geriatrics Society 
Beers criteria: (1) skeletal muscle relaxants (SMR) (drugs to avoid), (2) concomi-
tant use of multiple central nervous system drugs (pharmacodynamic drug-drug 
interaction), and (3) use of antiepileptic drugs (AED) or (4) opioid analgesics in 
those with a history of falls or fracture (drug-disease interactions) [ 3 ]. Additionally, 
only the fi ndings from rigorously conducted observational studies such as nested 
case-control and cohort studies that focus on adults 65 years of age and older in 
which falls were expanded to include hip fractures as per National Committee for 
Quality Assurance (NCQA) specifi cations will be reported [ 5 ].  

14.2     Skeletal Muscle Relaxants 

 SMR are classifi ed as drugs to avoid in the elderly due to their unfavorable risk- 
benefi t profi le: the effi cacy of SMR for musculoskeletal pain is questionable, but 
their adverse effects are well-documented. Orphenadrine and cyclobenzaprine are 
highly anticholinergic, and all SMR are highly sedative, two properties that may 
increase the risk of falls [ 6 ]. Despite these risks, approximately 2 % of older adults 
use SMR [ 3 ,  7 ]. 

 Although three studies have been published examining the risk of injury associ-
ated with the use of SMR, the rate of falls versus hip fractures were not indepen-
dently calculated and the risk attributable to SMR was not quantifi ed [ 7 – 9 ]. Recently, 
however, a large new-user cohort study of older Veterans from the United States 
(US) evaluated falls and hip fractures using NCQA specifi cations [ 10 ]. After match-
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ing on propensity scores, over 27,000 individuals with new prescriptions for SMR 
(i.e., methocarbamol, cyclobenzaprine, carisoprodol, chlorzoxazone, metaxalone, 
orphenadrine) were more than two times as likely to experience falls or fractures 
requiring an emergency room visit (adjusted odds ratio [AOR] 2.20, 95 % confi -
dence interval [CI] 1.84–2.63) within 1 year. Data on drug-specifi c associations 
were not collected.  

14.3     Multiple Central Nervous System Medications 

 The use of individual medication classes that affect the CNS, such as opioids, ben-
zodiazepines, antidepressants, and antipsychotics, are common in older adults. This 
is especially true in older nursing home patients where chronic pain and dementia 
with behavioral and psychological sequelae are common. Indeed, one study using 
national nursing home data found that 60 % of older nursing home residents used 
two or more psychotropic medications [ 11 ]. 

 Few studies have examined the risk associated with the concomitant use of mul-
tiple CNS medications and falls or fractures in older adults. In one prospective 
cohort study of 305 older US Veteran outpatients, the risk of any falls (measured via 
patient diary and monthly telephone surveillance) was examined in relation to expo-
sure to CNS medications [ 12 ]. Nearly 10 % of participants took two or more medi-
cations from these classes. After controlling for age, depression, cognition, and 
mobility, the investigators found the risk of falls increased with increasing number 
of CNS medications, from an AOR of 1.54 (95 % CI 1.07–2.22) with one drug to an 
AOR of 2.37 (95 % CI 1.14–4.94) with two or more. 

 Another prospective study from the US examined the risk of recurrent falls in 
well-functioning community-dwelling elders taking opioids, benzodiazepine recep-
tor agonists, antidepressants, or antipsychotics [ 13 ]. Exposure to CNS medications 
was determined using both absolute number of medications and categorical level of 
exposure (low or high) calculated using standardized daily doses (i.e., the sum of 
reported daily dose divided by the minimum effective geriatric daily dose). Over the 
5 years follow-up period, as many as 24.1 % of CNS medication users took at least 
two CNS agents, whereas as no more than 18.9 % took high doses (i.e., ≥ 3 stan-
dardized daily doses) annually. In multivariable analyses, individuals taking ≥ 2 
CNS medications and those taking higher doses had an increased risk of recurrent 
falls (AOR 1.95, 95 % CI 1.35–2.81 and AOR 2.89, 95 % CI 1.96–4.25, 
respectively). 

 A third prospective cohort study of older Australian Veterans examined the risk 
of multiple psychoactive drugs (defi ned as AED, sedative hypnotics, opioids, ben-
zodiazepines, antiparkinson agents, antidepressants, and antipsychotics) and falls 
leading to hospitalization (determined by ICD-10 codes) [ 14 ]. Again, there was 
increasing risk of falls associated with increasing number of CNS medications. The 
adjusted incident risk ratio (IRR) rose from 1.70 (95 % CI 1.45–1.99) with 2 drugs 
to 1.96 (95 % CI 1.58–2.43) with 3–4 drugs to 3.15 (95 % CI 1.90–5.23) with 5 or 
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more drugs. Moreover, there was also a dose-response relationship between psycho-
active medications and falls. 

 Finally, a prospective study in Finland evaluated the risk of fracture in older 
adults using two CNS medications simultaneously [ 15 ]. In men, the combination of 
an opioid and antipsychotic or an opioid and a benzodiazepine was associated with 
an increased risk of fractures (adjusted risk ratio (ARR) 21.1, 95 % CI 1.7–256.9 
and ARR 5.0, 95 % CI 1.0–25.2, respectively). This suggests that the combined 
burden of medications sharing the same CNS adverse effect profi le may further 
increase the risk of falls in older adults.  

14.4     Antiepileptic Drugs 

 AED use is common, ranging from 2 % among community-dwelling older adults to 
10 % among institutionalized older adults [ 16 ]. In addition to epilepsy (which is 
prevalent in 1 % of older adults), AEDs are increasingly used to treat non-seizure 
conditions such as neuropathic pain and mood disorders [ 17 ]. 

 An important potentially harmful drug-disease interaction is the use of AED in 
those with a previous history of falls. A recent meta-analysis pooled the results from 
four studies of these medications in older adults and found that AED use nearly 
doubled the risk of any fall (OR 1.9, 95 % CI 1.02–3.49) [ 18 ]. Furthermore, the risk 
associated with AED use was more pronounced when the outcome was recurrent 
falls (OR 2.7, 95 % CI 1.83–3.92). An additional study examined the association 
between AED use and recurrent falls over more than 7 years follow-up using data 
collected as part of the Women’s Health Initiative [ 19 ]. For the analysis, 138,667 
women aged 50–79 were included; of those, 1,385 women used AED. In adjusted 
analyses, AEDs were associated with recurrent falls (hazard ratio 1.62, 95 % CI 
1.50–1.74). 

 In older adults, nontraumatic hip fractures may also serve as a proxy indicator for 
serious falls requiring emergency room visits or hospitalizations. A number of rig-
orously conducted observational studies have shown an increased risk of fractures 
with AED use in the elderly. One large case-control study of Danish older adults 
evaluated the relationship between AED use and hip fracture using registry data 
[ 20 ]. Any use of AED was associated with a 30 % increased likelihood of hip frac-
ture (OR 1.31, 95 % CI 1.16–1.48). In another cohort study following older US 
Veterans with an underlying history of bipolar disorder for 4–5 years, individuals 
using AED were 2.35 times as likely to experience a hip fracture compared with 
propensity-matched controls [ 21 ]. A third study using information from an Italian 
primary care database reported that over the 5-year follow-up, AED use increased 
the risk of hip fracture in both older men (IRR 2.07, 95 % CI 1.45–2.96) and older 
women (IRR 1.61, 95 % CI 1.28–2.01) [ 22 ]. Using data from eight studies (includ-
ing the three previously described), a recent meta-analysis found the risk of hip 
fracture nearly doubled (RR 1.90) with exposure to AED [ 23 ]. Currently, it is 
unclear as to whether the risk of hip fractures is greater for enzyme-inducing AEDs 
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(i.e., phenobarbital, phenytoin, carbamazepine, oxcarbazepine) versus those do not 
affect the cytochrome (CYP) P450 system [ 20 ,  24 ].  

14.5     Opioids 

 More than seven million older adults use prescription opioids to manage chronic 
pain [ 25 ]. Furthermore, over 70 % of nursing home patients with pain are prescribed 
an opioid, either alone or in combination with another analgesic [ 26 ]. However, a 
new addition to the 2015 American Geriatrics Society Beers criteria is a drug- 
disease interaction regarding the use of opioids in individuals with a previous his-
tory of falls [ 3 ]. A 2007 meta-analysis using pooled data from six observational 
studies reported that individuals exposed to opioids had a 38 % increased risk of 
fractures (OR 1.38, 95 % CI 1.15–1.66) [ 27 ]. Since then, only one study evaluating 
the risk of falls has been published [ 28 ]. Analyzing data from an integrated health 
system in rural Pennsylvania for 13,300 elderly patients with arthritis, the authors 
found that opioid users were at an increased risk of falls and fractures compared 
with individuals using nonsteroidal anti-infl ammatory drugs (OR 4.1, 95 % CI 3.7–
4.5) and cyclooxygenase-2 inhibitors (OR 3.3, 95 % CI 2.5–4.3). Unfortunately, 
four other recent studies used a composite endpoint for fractures and did not isolate 
the risk of hip fracture as a potential proxy for serious falls [ 29 – 32 ]. 

 Additionally, drugs that inhibit hepatic isoenzymes by which certain opioids are 
metabolized may result in further increased risk of falls. Using participant data from 
the Swedish National Patient Registry in a case-crossover design, one study looked 
at the association between opioids with or without concomitantly prescribed 
CYP2D6 inhibitors and fall-related injury [ 33 ]. Again, the use of any opioid was 
associated with an increased risk of falls. As expected, the risk of fall-related injury 
associated with opioids metabolized via 3A4 (e.g., oxycodone, fentanyl) did not 
change when a CYP2D6 inhibitor was also prescribed. However, for the prodrugs 
codeine and tramadol that require transformation by CYP2D6 to the active form, a 
lower risk of falls was noted.  

14.6     Conclusion 

 The use of potentially inappropriate medications is especially concerning given 
their ability to induce or exacerbate falls in older adults. SMR, AED, and opioids 
have been shown to increase the risk of falls and hip fractures in older adults. 
Moreover, use of these medications may further increase risk in older adults with a 
previous history of falls or fractures. Additional evidence suggests that beyond spe-
cifi c medication classes, the overall burden of drugs that may affect the CNS is an 
important risk factor for falls. Strategies for mitigating these risks in older adults 
include applying evidence-based criteria to help identify PIM, assessing the 
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necessity of each medication, selecting alternatives to problematic medications 
when they exist, and using the lowest effective dose of each centrally acting medica-
tion when no other option is available.     

   References 

    1.    Spinewine A, Schmader KE, Barber N et al (2007) Appropriate prescribing in elderly people: 
how can it be measured and optimized? Lancet 370:173–184  

    2.    Hanlon JT, Schmader KE (2013) The medication appropriateness index at 20: where it started, 
where it has been and where it may be going. Drugs Aging 30:893–900  

       3.   The American Geriatrics Society 2015 Beers Criteria Update Expert Panel (2015) AGS 
Updated Beers Criteria for potentially inappropriate medication use in older adults. J Am 
Geriatr Soc 63(11):2227–2246  

    4.    O’Mahony D, O’Sullivan D, Byrne S, O’Connor MN, Ryan C, Gallagher P (2015) STOPP/
START criteria for potentially inappropriate prescribing in older people: version 2. Age Aging 
44:213–218  

    5.   National Committee on Quality Assurance.   http://www.ncqa.org/HEDISQualityMeasurement/
HEDISMeasures/HEDIS2015.aspx    . Accessed 24 Aug 2015  

    6.    See S, Ginzburg R (2008) Skeletal muscle relaxants. Pharmacotherapy 28:207–213  
     7.    Spence MM, Shin PJ, Lee EA, Gibbs NE (2013) Risk of injury associated with skeletal muscle 

relaxant use in older adults. Ann Pharmacother 47:993–998  
   8.    Golden AG, Ma Q, Nair V, Florez HJ, Roos BA (2010) Risk for fractures with centrally acting 

muscle relaxants: an analysis of a national Medicare advantage claims database. Ann 
Pharmacother 44:1369–1375  

    9.    Billups SJ, Delate T, Hoover B (2011) Injury in an elderly population before and after initiat-
ing a skeletal muscle relaxant. Ann Pharmacother 45:485–491  

    10.    Alvarez CA, Mortensen EM, Makris UE et al (2015) Association of skeletal muscle relaxers 
and antihistamines on mortality, hospitalizations, and emergency department visits in elderly 
patients: a nationwide retrospective cohort study. BMC Geriatr 15:2  

    11.    Simoni-Wastila L, Wei YJ, Luong M et al (2014) Quality of psychopharmacological medica-
tion use in nursing home residents. Res Soc Admin Pharm 10:494–507  

    12.    Weiner D, Hanlon JT, Studenski S (1998) CNS drug-related falls liability in community dwell-
ing elderly. Gerontology 44:217–221  

    13.    Hanlon JT, Boudreau RM, Roumani YF et al (2009) Number and dosage of central nervous 
system medications on recurrent falls in community elders: the health, aging and body compo-
sition study. J Gerontol Med Sci 64A:492–498  

    14.    Pratt NL, Ramsay EN, Kalisch Ellet LM, Nguyen TA, Barratt JD, Roughead EE (2014) 
Association between use of multiple psychoactive medicines and hospitalization for falls: ret-
rospective analysis of a large healthcare claim database. Drug Saf 37:529–535  

    15.    Nurminen J, Puustinen J, Piirtola M, Vahlberg T, Lyles A, Kivelä SL (2013) Opioids, antiepi-
leptic and anticholinergic drugs and the risk of fractures in patients 65 years of age and older: 
a prospective population-based study. Age Ageing 42:318–324  

    16.    Johnell K, Fastbom J (2011) Antiepileptic drug use in community-dwelling and institutional-
ized elderly: a nationwide study of over 1,300,000 older people. Eur J Clin Pharmacol 67:
1069–1075  

    17.    Garrard J, Harms S, Hardie N et al (2003) Antiepileptic drug use in nursing home admissions. 
Ann Neurol 54:75–85  

    18.    Deandrea S, Lucenteforte E, Bravi F et al (2010) Risk factors for falls in community-dwelling 
older people: a systematic review and meta-analysis. Epidemiology 21:658–668  

J.G. Naples et al.

http://www.ncqa.org/HEDISQualityMeasurement/HEDISMeasures/HEDIS2015.aspx
http://www.ncqa.org/HEDISQualityMeasurement/HEDISMeasures/HEDIS2015.aspx


177

    19.    Carbone LD, Johnson KC, Robbins J, Larson JC, Curb JD, Watson K, Gass M, Lacroix AZ 
(2010) Antiepileptic drug use, falls, fractures, and BMD in postmenopausal women: fi ndings 
from the women’s health initiative (WHI). J Bone Miner Res 25:873–881  

     20.    Tsiropoulos I, Andersen M, Nymark T, Lauritsen J, Gaist D, Hallas J (2008) Exposure to anti-
epileptic drugs and the risk of hip fracture: a case-control study. Epilepsia 49:2092–2099  

    21.    Mezuk B, Morden NE, Ganoczy D, Post EP, Kilbourne AM (2010) Anticonvulsant use, bipolar 
disorder, and risk of fracture among older adults in the veterans health administration. Am 
J Geriatr Psychiatry 18(3):245–255  

    22.    Lapi F, Simonetti M, Michieli R, Pasqua A, Brandi ML, Frediani B, Cricelli C, Mazzaglia G 
(2012) Assessing 5-year incidence rates and determinants of osteoporotic fractures in primary 
care. Bone 50:85–90  

    23.    Shen C, Chen F, Zhang Y, Guo Y, Ding M (2014) Association between use of antiepileptic 
drugs and fracture risk: a systematic review and meta-analysis. Bone 64:246–253  

    24.   Schelleman H, Pollard JR, Newcomb C et al (2011) Exposure to CYP3A4-inducing and 
CYP3A4-non-inducing antiepileptic agents and the risk of fractures. Pharmacoepidemiol Drug 
Saf 20(6):619–625  

    25.    Williams RE, Sampson TJ, Kalilani L et al (2008) Epidemiology of opioid pharmacy claims in 
the United States. J Opioid Manag 4:145–152  

    26.    Lapane KL, Quilliam BJ, Chow W, Kim MS (2013) Pharmacologic management of non- 
cancer pain among nursing home residents. J Pain Symptom Manage 45:33–42  

    27.    Takkouche B, Montes-Martínez A, Gill SS, Etminan M (2007) Psychotropic medications and 
the risk of fracture: a meta-analysis. Drug Saf 30:171–184  

    28.    Rolita L, Spegman A, Tang X, Cronstein BN (2013) Greater number of narcotic analgesic 
prescriptions for osteoarthritis is associated with falls and fractures in elderly adults. J Am 
Geriatr Soc 61:335–340  

    29.    Buckeridge D, Huang A, Hanley J et al (2010) Risk of injury associated with opioid use in 
older adults. J Amer Geriatr Soc 58:1664–1670  

   30.    Saunders KW, Dunn KM, Merrill JO et al (2010) Relationship of opioid use and dosage levels 
to fractures in older chronic pain patients. J Gen Intern Med 25:310–315  

   31.    Solomon DH, Rassen JA, Glynn RJ et al (2010) The comparative safety of opioids for nonma-
lignant pain in older adults. Arch Intern Med 170:1979–1986  

    32.    Miller M, Stürmer T, Azrael D, Levin R, Solomon DH (2011) Opioid analgesics and the risk 
of fractures in older adults with arthritis. J Am Geriatr Soc 59:430–438  

    33.    Möller J, Lafl amme L, Söderberg LK (2015) CYP2D6-inhibiting drugs and the increased risk 
of fall-related injuries due to newly initiated opioid treatment – a Swedish, register-based case- 
crossover study. Basic Clin Pharmacol Toxicol 116:134–139    

14 Inappropriate Medications and Risk of Falls in Older Adults



179© Springer International Publishing Switzerland 2016 
A.R. Huang, L. Mallet (eds.), Medication-related falls in older people, 
DOI 10.1007/978-3-319-32304-6_15

    Chapter 15   
 Identifying Explicit Criteria for the Prevention 
of Falls                     

     Denis     Curtin     ,     Stephen     Byrne     , and     Denis     O’Mahony     

    Abstract     Over the last 25 years, several lists of potentially inappropriate medications 
(PIMs) for older patients have been validated and published with a view to using them 
as screening tools in clinical practice. Explicit criteria were developed as a guide for 
avoidance of PIMs and to supplement the physician’s clinical knowledge and exper-
tise in routine clinical practice. These explicit criteria typically do not require detailed 
or specialist knowledge to be used effectively. Most lists have been developed using 
the Delphi process. Beers criteria, developed in the United States and updated in 2015, 
include 88 medications and medication classes, which are divided into 5 categories. 
Screening Tool of Older Person’s potentially inappropriate Prescriptions (STOPP) 
and the Screening Tool to Alert doctors to the Right Treatments (START) were devel-
oped in Ireland in 2008 and most recently updated in 2014. STOPP includes 80 crite-
ria and there are 34 START criteria. Norwegian General Practice (NORGEP) criteria 
were developed in 2009 and include 36 criteria based on the Beers list. PRISCUS list 
medications are listed by pharmacological category rather than by physiological sys-
tem, along with details of their potential danger as well as alternative medications 
that are likely safer. The combination of the Beers criteria and STOPP criteria may 
offer a more complete list. None of the published explicit criteria sets was designed 
specifi cally as a fall prevention tool.  

   Abbreviations 

  ADE    Adverse drug event   
  ADR    Adverse drug reaction   
  CI    Confi dence interval   
  CMS    Centers for Medicare and Medicaid Services   
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  NICE    National Institutes of Clinical Excellence   
  NORGEP    Norwegian General Practice   
  OR    Odds ratio   
  PIM    Potentially inappropriate medication   
  PIP    Potentially inappropriate prescribing   
  PPO    Potential prescribing omission   
  START    Screening Tool to Alert doctors to the Right Treatments   
  STOPP    Screening Tool of Older Person’s potentially inappropriate Prescriptions   
  TCA    Tricyclic antidepressants   

15.1         Introduction 

 The prescribing of multiple medications to treat several concurrent comorbidities is 
considered a fundamental component of care of an older person. In the modern era, 
polypharmacy, i.e., the need for fi ve or more daily drugs has become highly preva-
lent in both developed and developing countries, where rapid expansion of the pop-
ulation of older people is now happening and expected to continue over the next 
four decades. There is a direct causal relationship between multi-morbidity of late 
life and polypharmacy. Polypharmacy, in turn, is the principal risk factor for inap-
propriate prescribing and associated adverse drug reactions (ADRs) and adverse 
drug events (ADEs) [ 1 ]. Inappropriate prescribing in older adults is common and 
expensive, often leads to poor clinical outcomes, and is wasteful of resources. 

 Achieving an optimal balance between benefi ts and risks of a drug regime in 
frailer older patients with multi-morbidity is often very challenging. This is further 
complicated by the fact that advancing age is associated with an increased risk of 
both potentially inappropriate prescribing (PIP) and ADRs/ADEs [ 1 ]. Despite this, 
PIP and related ADRs/ADEs are often preventable. 

 Over the last 25 years, several PIP criteria sets have been validated and published 
with a view to using them as screening tools in clinical practice. The various tools 
mostly use explicit PIP criteria (as distinct from implicit PIP criteria), which are usu-
ally clearly defi ned statements indicating the potentially inappropriate use of certain 
drugs in older people in particular clinical circumstances. The explicit criteria sets 
are intended to be a guide for avoidance of potentially inappropriate medications 
(PIMs) and to supplement the physician’s clinical knowledge and expertise in rou-
tine clinical practice. Explicit PIP criteria typically do not require detailed or special-
ist knowledge to be used effectively. They are generally easy to deploy and exhibit 
high levels of interrater reliability [ 2 – 4 ]. On the other hand, explicit PIP criteria do 
not take all aspects of a patient’s care into consideration, nor do they consider patient 
preference, previously unsuccessful treatment regimens, or issues relating to multi-
morbidity [ 5 ,  6 ]. It is generally acknowledged that PIP is a common clinical problem 
in older people. Recent studies applying STOPP criteria and Beers criteria show 
high rates of PIM prescriptions in a variety of clinical settings, i.e., primary care, 
hospital care, and long-term nursing care [ 7 – 9 ]. 
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 Many older people present to hospital with falls and associated injuries. Falls are 
common in older people, particularly in frailer elders with multi-morbidity. Falls are 
commonly the result of adverse reactions to psychotropic medication. Falls may also 
be a nonspecifi c presentation of acute illness in older people, such as acute sepsis 
with delirium. Another common emergency department presentation in older people 
is falls resulting from syncope or pre-syncope where the cause of the syncopal 
symptoms is often drug related. Therefore, when considering the clinical relevance 
of any set of PIP explicit criteria, it is important that it includes common and impor-
tant drug causes of falls in older people.  

15.2     Development of Explicit Criteria 

 Despite being the greatest consumers of medication, older people are commonly 
excluded from well-designed clinical trials [ 10 ]. Evidence-based criteria, to guide 
prescribing in this population, are therefore problematic. To overcome this, most 
explicit criteria have been developed using the Delphi process, a survey technique 
used to fi nd consensus among a panel of experts when existing knowledge is uncer-
tain or incomplete [ 11 ]. Firstly, following a review of the scientifi c literature, a 
preliminary set of criteria are developed. These criteria are then disseminated to the 
expert panelists accompanied by a questionnaire. After each round, an anonymous 
summary of the experts’ responses is fed back to the panel experts. The experts are 
then encouraged to review their answers to each item for consideration in light of 
the responses of other members of the group. Consensus is usually reached after 
two to three iterations. The anonymity of the process has been highlighted as both 
an advantage and a weakness. While the process prevents the authority or reputation 
of some participants from dominating others, accountability for individual responses 
may be diminished [ 12 ,  13 ]. Expert consensus is no substitution for sound scientifi c 
evidence, and the quality of criteria depends on the level of expertise among the 
panel members involved in the validation process. It has been suggested that an 
interdisciplinary panel will reduce the potential for skewed results while fewer 
rounds in the process minimize potential bias due to response fatigue [ 13 ,  14 ]. There 
is no guidance on the optimal number of expert panelists or the number of validation 
rounds [ 12 ,  13 ].  

15.3     Explicit PIP Criteria and Fall Prevention 

 The various sets of explicit PIP criteria guiding prescribing in older adults were 
developed to detect potentially inappropriate prescribing and, in some cases, poten-
tial prescribing omissions (PPOs); they were not designed specifi cally to prevent 
falls. To date, there is only one randomized controlled clinical trial showing that 
prospective clinical application of PIP criteria reduces the risk of falls in older 
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people. In that trial, intervention patients’ medication lists were reviewed at base-
line, 6 months and 12 months, applying STOPP/START criteria [ 4 ] to detect PIMs 
and PPOs. During the 12 months post-randomization follow-up period, the average 
number of falls in the intervention group dropped signifi cantly while there was no 
signifi cant drop in fall incidence in the control group [ 15 ]. 

 Some of the commonly used sets of explicit PIP criteria and how they pertain to 
falls are described below and illustrated in Table  15.1 . PIMs that are directly linked 
to falls and common to both Beers criteria and STOPP criteria (the most widely used 
explicit PIP criteria internationally) are illustrated in Table  15.2 .

15.3.1        Beers Criteria 

 Beers criteria are the most widely used criteria to evaluate inappropriate prescribing 
in the United States. The criteria have been adopted by the American Geriatrics 
Society and form part of policy and practice in the Centers for Medicare and 
Medicaid Services (CMS) regulations [ 16 ,  17 ]. The fi rst set of criteria was pub-
lished in 1991 and has been updated four times since then. The most recent version 
in 2015 was developed following an extensive literature review, and consensus 
opinion of a 13-member expert panel was reached using modifi ed Delphi methodol-
ogy [ 18 ]. The interdisciplinary panel had expertise in geriatric medicine, nursing, 
pharmacotherapy, quality measures, and research. After an initial meeting examin-
ing new articles relevant to the previous 2012 criteria set, the panelists were divided 
into four working groups and were assigned to evaluate specifi c criteria related to 
their own area of expertise. Each group presented their fi ndings to the full panel for 
consensus. Conference calls or face-to-face meetings were used to work through 
differences until a fi nal consensus was reached. 

 The fi nal criteria include 88 medications and medication classes, which are 
divided into 5 categories: (i) criteria for potentially inappropriate medications and 
classes to avoid in older adults – independent of diagnosis or condition, (ii) criteria 
for PIMs and drug classes to avoid in older adults with certain diseases and condi-
tions, (iii) criteria for potentially inappropriate medication use in older adults that 
should be used with caution, (iv) criteria for potentially clinically important 
non-anti-infective drug-drug interactions to avoid in older adults, and (v) criteria for 
non-anti-infective medications that should be avoided or have their dosage reduced 
with varying levels of kidney function. Quality of evidence and strength of recom-
mendation are qualifi ed for each criterion. The fi rst category includes 37 medica-
tions or medication classes, many of which contribute indirectly to the risk of falls 
through various pharmacological mechanisms, such as orthostatic hypotension, 
extrapyramidal symptoms, impaired cognition, and sedation. The second category 
specifi cally lists PIMs to be avoided in older adults with a history of falls or frac-
tures as well as those with a history of syncope (Table  15.1 ). In addition, a list of 
medications with strong anticholinergic properties is included. 
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 A multicenter prospective cohort study conducted in France, involving 6,343 
participants with a mean age of 74 years with 4 years of follow-up, evaluated the 
association between PIMs as defi ned by Beers criteria (third iteration [ 19 ]) and the 
French Consensus Panel criteria for PIMs in older people [ 20 ] and the risk of falls 
[ 21 ]. The study identifi ed three categories of commonly prescribed drugs which 
were signifi cantly associated with incident falls during the prospective 4-year fol-
low- up interval. These included regular use of long-acting benzodiazepines (adjusted 
odds ratio (OR) = 1.4, 95 % CI 1.1–1.8); other psychotropics, i.e., anticholinergic 
antidepressants, antipsychotic drugs, and anticholinergic hypnotic drugs (adjusted 
OR = 1.7, 95 % confi dence interval 1.7–2.7); or medication with anticholinergic 
properties (adjusted OR = 1.6, 95 % CI 1.2–2.1) [ 21 ].  

15.3.2     STOPP/START Criteria 

 The Screening Tool of Older Person’s potentially inappropriate Prescriptions 
(STOPP) and the Screening Tool to Alert doctors to the Right Treatments (START) 
were developed in Ireland in 2008 and most recently updated in 2014 [ 22 ]. The 
most recent version was developed following an extensive literature review and 
two rounds of Delphi validation with 19 panel members across 13 European coun-
tries, with recognized expertise in geriatric medicine and pharmacotherapy in older 
adults. The tool forms part of the National Institutes of Clinical Excellence (NICE) 
guidelines on medication optimization in the United Kingdom [ 23 ]. STOPP 
includes 80 PIP criteria outlining clinical circumstances where certain medications 
or medication classes would be considered potentially inappropriate in older indi-
viduals across all settings of care. The criteria are organized according to the phys-
iological system to which each criterion relates. In addition, there is a section that 
lists medication classes that predictably increase the risk of falls in older people 
(Table  15.1 ). 

 The START criteria are also an explicit set of criteria designed to assess for PPOs 
in older individuals in any care setting. Thirty-four START criteria are included in 
the most recent iteration [ 22 ]. STOPP and START are intended to be used concomi-
tantly, and herein lies an advantage of this PIP criteria set. As well as identifying 
medications that could be potentially harmful to older adults with a history of falls, 

    Table 15.2    Fall-related PIMs included in both Beers criteria (version 5) and STOPP criteria 
(version 2)   

 Drug-drug class  Rationale 

 Benzodiazepines  Reduced sensorium, impaired balance 
 Non-benzodiazepine hypnotics  Reduced sensorium, impaired balance 
 Neuroleptic major tranquilizers  Gait apraxia, parkinsonism 
 Alpha-1 receptor blockers  Orthostatic hypotension 
 Acetylcholine esterase inhibitors  May cause syncope in patients with persistent 

bradycardia 
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potentially  benefi cial  medications are also identifi ed. Examples include calcium and 
vitamin D supplementation as well as antiresorptive or anabolic therapy in patients 
with known osteoporosis and/or fragility fractures (Table  15.1 ).  

15.3.3     NORGEP Criteria 

 The Norwegian General Practice (NORGEP) criteria were developed in 2009 and 
include 36 explicit criteria based on Beers criteria, an extensive literature review, 
and the clinical practices of the lead authors [ 24 ]. The criteria underwent three 
rounds of Delphi validation by 47 Norwegian-based panelists with expertise in 
pharmacology, geriatric medicine, and general practice. Twenty-one of the 36 crite-
ria relate to single drugs and doses considered potentially inappropriate in older 
people while 15 criteria relate to drug-drug interactions. Most, but not all, of the 
single drug criteria are accompanied by an explanatory statement. Unlike Beers 
criteria and STOPP/START, the NORGEP criteria are not structured in ways that 
highlight PIMs to be avoided in older adults at risk of falls. Only individual benzo-
diazepines, i.e., diazepam and oxazepam, as well as the use of three or more psycho-
tropic medications are specifi cally linked with an increased risk of falls. Other 
medications are indirectly associated with an increased risk of falls through various 
mechanisms including sedation, extrapyramidal symptoms, and anticholinergic 
effects (Table  15.1 ).  

15.3.4     PRISCUS Criteria 

 The PRISCUS PIM list was developed by Holt et al. in 2010 and was developed for 
specifi c use in Germany across all settings of care [ 25 ]. Initially, a preliminary PIM 
list intended for the German market was created following a literature review and 
an analysis of published international PIM lists. The fi nal list was established fol-
lowing two rounds of a modifi ed Delphi process involving 38 German-speaking 
panelists with expertise in geriatric medicine, clinical pharmacology, general prac-
tice, internal medicine, pain therapy, neurology, psychiatry, and clinical pharmacy. 
PRISCUS includes 83 criteria that are categorized according to medication class. 
Each potentially inappropriate medication class is accompanied by an explanation 
highlighting the main concerns associated with use in older adults, and safer alter-
native medications are suggested. If it is deemed necessary to prescribe the PIM, 
precautionary advice is offered. Benzodiazepines, non-benzodiazepine hypnotics, 
neuroleptics, tricyclic antidepressants (TCAs), and pethidine and baclofen are 
directly linked to an increased risk of falls. Several other medications are indirectly 
linked through a variety of mechanisms (Table  15.1 ). Once again, unlike Beers 
criteria and STOPP/START, PIMs for older adults at risk of falls are not grouped 
together in PRISCUS.   
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15.4     Conclusion 

 The aging process is associated with an increased risk of ADRs and ADEs. 
Inappropriate prescribing leading to ADEs, including falls and fractures, is common, 
expensive, and potentially avoidable. Several PIP criteria sets have been developed 
to reduce ADEs in older adults. These criteria sets were developed using an evi-
dence-based approach and, when evidence was incomplete, expert consensus. While 
they do not always comprehensively address the care needs of an individual patient, 
PIP criteria may guide decision-making and prove particularly benefi cial to the phy-
sician who is not attuned to the nuances of care of the older adult. 

 None of the published PIP criteria sets was designed specifi cally as a fall preven-
tion tool. Used alone, they do not represent comprehensive, complete lists of medi-
cations to be avoided in older adults at risk of falls. The combination of Beers 
criteria and STOPP criteria (Table  15.2 ) may offer a more complete list drugs and 
medication classes to be avoided or at least used with caution in older people who 
fall or are at risk of falls. Future iterations of these criteria sets should attempt to 
include more complete lists of PIMs that heighten risk of falls in older adults.     
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    Chapter 16   
 Approach to Medication Reviews 
in Older Adults                     

     Derek     Dyks     

    Abstract     The terms medication review and medication reconciliation refer to two 
different activities and should not be used interchangeably.  Medication review  is the 
process of evaluating current medication treatment to manage the risk and optimize 
the outcomes of medication treatment by detecting, solving, and preventing 
medication- related problems.  Medication reconciliation  is the process of obtaining 
and documenting a complete and accurate list of current patient medications and 
comparing this list with medication orders at each point of care transition to identify 
and rectify any discrepancies. Medication review is especially valuable for older 
adults who tend to take more medications, have more comorbid illnesses, and con-
sequently suffer more adverse drug reactions. ARMOR is an acronym for  A ssess, 
 R eview,  M inimize,  O ptimize,  R eassess and represents an example mnemonic for a 
structured process used to conduct a medication review. It is important to note that 
intentional nonadherence is common. The Medication Appropriateness Index 
(MAI) is a tool that can facilitate the analysis of patient’s medication profi le. 
Engaging patients in their medication review and possible deprescribing process 
will dramatically increase the chance of success in decreasing polypharmacy, stop-
ping inappropriate medications, and lowering the incidence of adverse events such 
as falls.  

   Abbreviations 

  AGS    American Geriatrics Society   
  ARMOR    Acronym for  A ssess,  R eview,  M inimize,  O ptimize,  R eassess   
  BPMH    Best possible medication history   
  MAI    Medication appropriateness index   
  OTC    Over the counter   
  PIM    Potentially inappropriate medications (PIMs)   
  RaR    Rate ratio   
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     Medications are common and potentially modifi able contributors to falls in older 
persons across the continuum of care, from private residence to acute care hospital-
ization. Previous studies have shown that discontinuation of unnecessary medica-
tions can lower fall risk. Accordingly, medication review has been incorporated into 
the American Geriatrics Society’s (AGS) recommendations as part of a multipronged 
approach to fall prevention [ 1 ]. This chapter will cover medication review, including 
integral components, tips on performing medication reviews, and pitfalls to avoid. 

16.1     Medication Review vs. Medication Reconciliation 

 There is often confusion surrounding the differences between the terms medication 
review and medication reconciliation. These are two different activities and the 
terms should not be used interchangeably. 

  Medication review  is the process of evaluating current medication treatment to 
manage the risk and optimize the outcomes of medication treatment by detecting, 
solving, and preventing medication-related problems [ 2 ]. Medication review has 
also been defi ned as “a structured, critical examination of a person’s medicines with 
the objective of reaching an agreement with the person about treatment, optimizing 
the impact of medicines, minimizing the number of medication- related problems 
and reducing waste” [ 3 ]. 

  Medication reconciliation  is the process of obtaining and documenting a com-
plete and accurate list of current patient medications and comparing this list with 
medication orders at each point of care transition to identify and rectify any discrep-
ancies [ 2 ]. It is a required organizational practice within Accreditation Canada 
standards. 

 Both medication reconciliation and medication review are important aspects of 
medication safety, especially in vulnerable elderly patients. This chapter will focus 
on the activity of medication review and its role in fall prevention.  

16.2     Rationale for Conducting Medication Reviews 

 As mentioned previously, medications are well recognized as a contribution factor 
to falls in older adults [ 4 ,  5 ]. Fall risk increases with the number of medications a 
person takes. Additionally, numerous classes of medication have consistently been 
associated with and increased risk of falling [ 5 – 7 ]. Mechanisms by which medica-
tions increase the risk of falling include impaired muscle strength, motor retarda-
tion, postural hypotension, impaired judgment, and cognition [ 6 ,  8 ]. In a 2012, 
Cochrane review which looked at interventions to reduce falls, multifactorial inter-
ventions, which include medication review, were shown to decrease the rate of falls 
Rate Ratio (RaR) 0.76 (0.67–0.86) but not the risk of falling RaR 0.93 (0.86–1.02) 
[ 9 ]. In the same review, gradual psychotropic withdrawal specifi cally was also 
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shown to decrease the rate of falls RaR 0.34 (0.16–0.73) but not fall risk. Tools to 
help identify these and other fall risk medications are covered in other chapters of 
this book. 

 Medication review is especially valuable for older adults who tend to take more 
medications, have more comorbid illnesses, and consequently suffer more adverse 
drug reactions. Medication review has been shown to reduce the risk of falls and 
should be a part of a multipronged approach to fall prevention [ 1 ,  4 ,  9 ,  10 ]. This 
includes patients who have fallen as well as those who have not yet fallen but are at 
risk of falling. Medication review should be performed for patients with compli-
cated medication regimens, following hospital admission, when there is a docu-
mented or suspected adverse drug event, a transition of level of care (e.g., move to 
a retirement home/nursing home), and otherwise on a yearly basis [ 11 ].  

16.3     Principles of Medication Review 

 To facilitate optimal effi ciency and effectiveness, the medication review process can 
be conceptualized into structure, process, and outcomes [ 12 ]. 

16.3.1     Structure 

 A medication review that is structured using standardized forms for collection of 
patient information is recommended to support organization and effi ciency. 
Standardized forms will ensure that the appropriate information is being gathered 
and will minimize the effect of interviewer variability.  

16.3.2     Process 

 Similarly, the process of the medication review should be standardized as well. The 
elements to the review should occur in the same manner and sequence each time to 
minimize the risk of information being missed.  

16.3.3     Outcome 

 The goal (or outcome) of the medication review should be the detection and/or preven-
tion of potential or current adverse drug effects, such as falls. A systematic approach to 
medication review will maximize the likelihood of achieving this outcome and maxi-
mize the benefi t to the patient. 
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 A tool developed to facilitate a stepwise approach to medication review is ARMOR, 
which is an acronym for  A ssess,  R eview,  M inimize,  O ptimize,  R eassess [ 13 ].

   Assess – the individual for polypharmacy and potentially inappropriate medications.  
  Review – for possible drug-drug interactions, drug-disease interactions, subclinical 

adverse drug reactions, and impact on functional status.  
  Minimize – nonessential medications and those that the risk outweighs the potential 

benefi t.  
  Optimize – address duplication and redundancy, adjust dosages based on renal func-

tion, drug levels, and other monitoring parameters (e.g., blood pressure, heart 
rate, blood glucose levels, etc.).  

  Reassess – once changes have been made, evaluate monitoring parameters for ben-
efi cial (or harmful) effects and readjust medications if warranted.    

 The ARMOR tool encompasses the medication history, evaluation of the 
appropriateness of each medication, and the deprescribing process. Deprescribing 
is the process of tapering, stopping, discontinuing, or withdrawing drugs, with 
the goal of managing polypharmacy and improving outcomes [ 14 ]. ARMOR 
also highlights the importance of following up/monitoring the changes made to 
the patient’s medication. This not only minimizes the risk of adverse events 
such as withdrawal, but it also allows the patient to feel supported as an active 
participant in the deprescribing process and provides an opportunity for him or 
her to voice their concerns. In other words, it minimizes the risk of the patient 
feeling as if he or she is worse off without their medication that was potentially 
causing them harm.   

16.4     Medication History 

 The fi rst step in the medication review process is accurately determining which 
medications your older patient is taking. This is often referred to as generating the 
Best Possible Medication History (BPMH). Errors in medication histories are com-
mon. One study found that the frequency of at least one error in the medication 
history ranged from 27 to 83 % [ 15 ]. Another study determined that medication 
history discrepancies can have signifi cant clinical impact; 38.6 % of the discrepan-
cies found had the potential to cause moderate or serious harm to patients [ 16 ]. 

 Barriers to obtaining accurate medication histories include time required to 
obtain an accurate complete history, inadequate training in the skill of obtaining 
medication histories, lack of patient knowledge of his or her medications, as well as 
patient illness (including cognitive status) [ 17 ]. Awareness of these barriers helps 
minimize their impact in collecting medication information and minimizes the risk 
of basing therapeutic decisions on inaccurate information. 

 Potential sources of information used in obtaining an accurate medication his-
tory include the patient himself or herself, medication profi les from their pharmacy, 
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family members, and the patient’s medication bottle labels. If the patient’s 
cognitive status is poor or questionable, then having family members, caregiv-
ers, or substitute decision-maker present can be valuable in obtaining accurate 
information. 

 If the medication history is being taken in the ambulatory clinic setting, it is 
ideal to have the patients bring all their medication with them. Having the patient’s 
bottles of medication at the interview (as opposed to a medication list) is helpful 
in confi rming medication adherence. Pill counts and dates of previous refi lls give 
clues as to how well the patients adhere to their medication regimen. It is impor-
tant to specify that they bring in all prescription, nonprescription over-the-counter 
(OTC) medications, vitamins, herbal supplements, and other alternative therapy. 
It is not uncommon for patients to bring only their prescription medication as they 
feel the other classes “don’t count” because they were not prescribed by a physi-
cian. The false sense that nonprescription medications are benign further adds to 
their danger. Additive sedative or anticholinergic effects with prescription and 
nonprescription medications can often be misdiagnosed due to the lack of 
awareness of the patient’s self-medication, in addition to the underestimation of 
potential adverse effects associated with some classes of these readily available 
medications. 

 Performing the medication history in the patient’s home may give you a more 
accurate picture of what the patient is actually taking and the patient’s medication 
adherence compared to medication histories taken in the ambulatory clinic set-
ting. Keeping medications in multiple locations in the home may indicate poor 
adherence due to poor organization or inadvertently forgetting to take important 
medications. 

 It has been well documented that medication adherence decreases with the num-
ber of medications prescribed [ 18 ]. This is especially true for classes of medication 
where the benefi t of therapy is not apparent to the patient (e.g., antihypertensives). 
If medication adherence is poor and the clinician assumes that the medication is 
being taken by the patient as prescribed and therapeutic endpoints are not being 
met, this scenario may be misinterpreted as requiring additional therapy or dosage 
increases, which may result in excessive or duplication of therapy. This situation 
can result in additional unnecessary cost to the patient and the health-care system. 
If the patient becomes adherent to his or her regimen, as during an admission to 
hospital or initiation of compliance packaging such as blister packs or dosette boxes, 
there is a signifi cant risk of adverse drug events. Adverse events, such as hypoten-
sion for antihypertensives and confusion or excess sedation for psychotropic medi-
cations or narcotic analgesics, can lead to falls. 

 It is important to note that intentional nonadherence is common [ 19 ]. Compliance 
packaging is unlikely to be of benefi t if the patient does not see the value in taking 
the medication or is not taking it due to self-observed adverse effects. Education 
regarding the rationale for medication and including the patients in decisions 
regarding their medication is a more effective strategy to minimize nonadherence 
in these cases.  
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16.5     Analyzing Medication History 

 Once it has been determined which medications the patient is actually taking, the 
next step is to analyze and assess the appropriateness of each medication. In general, 
a common approach is to match a patient’s medications with his or her comorbidities 
to identify extraneous medications. Subsequently, the remaining medication can be 
reviewed to assess if it is the most appropriate for that particular patient’s situation. 

 If the patient is experiencing falls or near falls, a problem-based medication 
review may be the most practical method to attempt to identify any medication- 
related causes for the falls. It is helpful to determine the time frame of when falls 
commenced as it may be possible to correlate this with the initiation of certain 
medications, which could impair balance, cause muscle weakness, slow reaction 
time, as well as interact or have additive effects with preexisting medication. 

 A change in dosage of a preexisting medication can also explain new-onset falls. 
Acute illness can change the way in which the patient reacts to his or her medication 
which was previously well tolerated. 

 An algorithm for a problem-based medication review is presented below (Fig.  16.1 ).
   If no  new  medications have been identifi ed as potential causes of falls, it is pos-

sible that the onset of diffi culties with adverse drug events leading to falls may be 
more subtle and more diffi cult to identify. In this case, addressing  longer - standing  
potentially inappropriate medications (PIMs) and those known to cause falls is the 
next step. Gradual changes in pharmacodynamics and pharmacokinetics may lead 
to gradual increases in medication intolerances leading to falls. Tools to identify and 
address PIMs are covered elsewhere in this book (see chapters “Inappropriate 
Medications and Risk of Falls in Older Adults” and “Identifying Explicit Criteria 
for the Prevention of Falls”). 

Discontinue
medication

Patient presents with recent fall or is
determined to be at high risk for falling

Medication review initiated

Indication for medication?

Does medication increase fall risk?

Is a suitable alternative available?

Is the patient willing to change
medications?

Discuss change in
medication and benefits
with patient

Reasons patient may
be unwilling to change
medications:
• Fear of change
• Fear of new side effects
• Economic concerns
• Different health priorities

Other indications for
medication review as
resources allow:
• New patient
• Annual exam
• Questionable compliance
• Patient with economic
  concerns wanting to know
  which medications they
  can safely stop

Yes

Yes

Yes

No

No

No

No Yes

Continue
medication as
indicated

Educate patient
about risks of
medication
and suggest
strategies to
compensate

  Fig. 16.1    Medication review algorithm [ 4 ]       
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 A more comprehensive approach to medication review (as opposed to problem- 
based medication review) is to review each medication with the patient and to clas-
sify each medication by purpose and its importance [ 20 ]. Doing this with the patient 
involves the patient in the decision-making process as well as allows you to assess 
the patient’s understanding of his or her medication. When a medication is deemed 
optional or not indicated, discontinuation should be considered, especially if it is 
known to cause adverse effects such as falls. If therapy is required but known to 
increase fall risk, then exploring safer alternatives or dose reductions should occur. 

 Systematically evaluating each medication is time consuming but minimizes the 
risk of missing potential culprits in causing adverse drug reactions such as falls. The 
Medication Appropriateness Index (MAI) is a tool to facilitate such a process [ 21 ]. 

 The reviewer is intended to look at each medication individually and ask the fol-
lowing questions:

    1.    Is there an indication for the drug?   
   2.    Is the medication effective for the condition?   
   3.    Is the dosage correct?   
   4.    Are the directions correct?   
   5.    Are the directions practical?   
   6.    Are there clinically signifi cant drug-drug interactions?   
   7.    Are there clinically signifi cant drug-disease/condition interactions?   
   8.    Is there unnecessary duplication with other drugs?   
   9.    Is the duration of therapy acceptable?   
   10.    Is this drug the least expensive alternative compared with others of equal 

usefulness?     

 Practically speaking, it is not often possible to apply this strategy to all medications 
for all patients. However, the principle of critically evaluating each medication for 
appropriateness for a particular patient is an ideal to strive toward to reduce inappro-
priate medication use and consequences of polypharmacy, one of which being falls.  

16.6     Conclusion 

 Many medications are known to increase fall risk. Medication reviews are an inte-
gral part of a multipronged approach to addressing falls in the elderly. An accurate 
medication history is the fi rst step in performing a medication review. Ideally per-
formed in the patient’s home, care should be taken to assess medication adherence 
and to include prescription, nonprescription, herbals, supplements, alcohol, and rec-
reational drug use. In cases where the patient has experienced a fall or repeated falls, 
special attention should be paid to medications that were added or dose adjusted at 
the same time that the patient’s falls started. In the case of a patient who is taking a 
previously well-tolerated medication, acute illness can also increase the risk of falls. 
Targeting medications that are known to increase fall risk should be considered 
in the interest of time effi ciency. Patient’s “buy-in” to the medication review and 
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deprescribing process will dramatically increase the chance of success in decreasing 
polypharmacy, stopping inappropriate medications, and lowering the incidence of 
adverse events such as falls.     
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    Chapter 17   
 Withdrawal of Fall Risk-Increasing Drugs                     

     Nathalie     van der     Velde       and     Tischa     J.  M.     van der     Cammen     

    Abstract     Falls are among the most serious problems faced by older persons and 
are associated with considerable morbidity and mortality. 

 Falls are multifactorial in origin. Hence, assessment of falls and fall risk is a 
complex task. An important risk factor for falls is the use of certain drugs, i.e., fall 
risk-increasing drugs (FRIDs). The exact contribution of FRIDs use to fall risk is 
not known. To date, information about the effects and effectiveness of FRIDs with-
drawal on falls in older persons is scarce. 

 There is evidence that withdrawal of psychotropics reduces rate of falls and that 
a prescribing modifi cation program for primary care physicians can reduce risk of 
falling. 

 Withdrawal of all FRIDs, including cardiovascular and psychotropic drugs, 
appears to be an effective intervention for lowering fall incidence and can lead to 
improvement of mobility tests and cardiovascular end points. Withdrawal of psy-
chotropics, especially benzodiazepines (BZD), was an important factor in lowering 
risk of falls requiring medical treatment during the fi rst year after a 12-month mul-
tifactorial intervention. BZD withdrawal has also been shown to result in a signifi -
cant improvement in the stability of the body, a recovery of cognitive functions, and 
improvement of handgrip strength and balance. 
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 Pharmacological interventions, including withdrawal of FRIDs, pharmacist- 
conducted clinical medication review, and computerized drug alerts, are effective in 
reducing fall risk and should be incorporated in the care of older persons.  

   Abbreviations 

  BZD/BZDRD    Benzodiazepines or related drug   
  CG    Control group   
  DDI    Drug–drug interaction   
  FRIDs    Fall risk-increasing drugs   
  IG    Intervention group   
  IQR    Interquartile range   
  NSAID    Nonsteroidal anti-infl ammatory drugs   
  RCT    Randomized controlled trial   
  SD    Standard deviation   
  TUG    Timed up and Go   
  US    United States   

17.1         Introduction 

 One of the main challenges in geriatric medicine is to correctly diagnose and treat a 
patient presenting with vague or atypical symptoms. With increasing age, disease 
presentation becomes more atypical, with less than 50 % of older patients fi tting the 
classical medical model of illness. There are four main reasons why disease presen-
tation in this age category is often atypical: comorbidity may be present which may 
mask the presentation of another disease, a causal chain of problems may lead to a 
certain complaint, patients and physicians may attribute symptoms of a new disease 
to a chronic problem, or longstanding, unrecognized morbidity may be unmasked 
by a certain event [ 1 ]. 

 Falls are among the most common “atypical” presenting symptoms in older per-
sons. They are also among the most serious problems facing older persons and are 
associated with considerable morbidity and mortality [ 2 ]. Falls can be caused by 
many different factors and many of these factors are interrelated. Hence, assessment 
of falls and fall risk is a complex task. An important risk factor for falls is the use of 
certain drugs. Since the late 1990s, drugs associated with falls in the elderly have 
been identifi ed (see Part 3: Medications Associated with Falls in the Elderly). 
General opinion is growing that drug cessation in complex older patients is war-
ranted in the clinical situation of falls [ 3 ]. However, to date, little information is 
available about the effects and effectiveness of drug cessation on falls in older 
persons.  
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17.2     Effects and Effectiveness of Interventions Aimed 
at Withdrawal of Fall Risk-Increasing Drugs 

 Can withdrawal of FRIDs reduce falls? 
 The evidence 

17.2.1     Randomized Controlled Trials of Withdrawal of Fall 
Risk-Increasing Drugs 

 Available randomized trials of interventions to reduce falls in older people living in 
the community, summarized in the Cochrane Database in 2012 [ 4 ], have shown that 
there is evidence that withdrawal of psychotropics is effective in reducing the rate 
of falls [ 5 ] and that a prescribing modifi cation program for primary care physicians 
can reduce risk of falling [ 6 ]. The prescribing modifi cation program included a 
major educational component for family physicians, with a face-to-face education 
session with a clinical pharmacist and feedback on prescribing practices, as well as 
fi nancial rewards. The primary outcome measure was a composite score refl ecting 
use of benzodiazepines (BZD), nonsteroidal anti-infl ammatory drugs (NSAIDs), 
and thiazide diuretics; secondary measures were use of medication reviews, occur-
rence of falls, and quality of life as assessed by Short Form-12 and EuroQol-5D 
survey scores. Compared with the control group, participants in the intervention 
group had increased odds of having an improved medication use composite score at 
4-month follow-up but not at 12 months. 

 At the 4-month follow-up, the intervention group had reduced odds of using 
NSAIDs and showed a nonsignifi cant reduction in use of benzodiazepines and thia-
zide diuretics. Changes in drug use were not signifi cant at 12-month follow-up. At 
12 months, intervention group participants had a signifi cantly reduced risk of fall-
ing. Quality-of-life scores were unaffected by the intervention. It is important to 
note that the prescribing physician (i.e., the family physician) was the lead person 
in the medication review and advising the patients about the medication modifi ca-
tions [ 6 ]. Two recent reviews further confi rmed that withdrawal of psychotropics is 
effective in reducing the rate of falls [ 7 ,  8 ]. 

 Recruitment and randomization of older patients to drug withdrawal intervention 
trials is diffi cult. A randomized controlled trial (RCT) of 217 cognitively intact 
community-dwelling Dutch patients older than 65 years at high risk for recurrent 
falls failed to show an effect on fall rate. A multifactorial intervention which 
included a medication review and appropriate withdrawal of fall risk-increasing 
drugs was used. In the follow-up year, no signifi cant treatment effect was demon-
strated between the 106 intervention participants and 111 usual care (control) par-
ticipants, for the time to fi rst fall (hazard ratio, 0.96; 95 % confi dence interval, 
0.67–1.37) or the time to second fall (1.13; 0.71–1.80) [ 9 ]. 

 A new RCT on the (cost)-effectiveness of withdrawal of fall risk-increasing 
drugs versus conservative treatment in older fallers is the IMPROveFALL study 
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[ 10 ]. This prospective, multicenter RCT is being conducted in hospitals in the 
Netherlands. Persons 65 years and older who visit the emergency department due to 
a fall are invited to participate in this trial. All patients receive a full geriatric assess-
ment at the research outpatient clinic. Patients are randomized between a structured 
medication assessment including withdrawal of fall risk-increasing drugs and “care 
as usual.” A 3-monthly fall calendar is used for assessing the number of falls, the 
fallers, and associated injuries over a 1-year follow-up period. Measurements will 
be at 3, 6, 9, and 12 months and include functional outcomes, healthcare utilization, 
sociodemographic characteristics, and clinical information. After 12 months a sec-
ond visit to the research outpatient clinic will be performed, and adherence to the 
new medication regimen in the intervention group will be measured. The primary 
outcome will be the incidence of new falls. Secondary outcome measurements are 
possible health effects of medication withdrawal, health-related quality of life 
(Short Form-12 and EuroQol-5D), costs, and cost-effectiveness of the intervention. 
Data will be analyzed using an intention-to-treat analysis. The results of this trial 
are pending [ 10 ].  

17.2.2     Non-randomized Trials of Withdrawal of Fall Risk- 
Increasing Drugs 

 Smaller studies of medication withdrawal in geriatric patients have shown benefi -
cial effects of withdrawal of FRIDs on fall risk. In a prospective cohort study of 139 
fallers visiting the geriatric outpatient clinic of a university hospital in the 
Netherlands, withdrawal of FRIDs was possible and successful in 75 participants. 
Withdrawal of all FRIDs, including cardiovascular and psychotropic drugs, appeared 
an effective intervention for lowering the incidence of falls. The effect appeared to 
be highest for withdrawal of cardiovascular drugs. In all fallers FRIDs were stopped 
if considered redundant or otherwise, if safely possible, reduced in dose over a 
1-month period. During follow-up, no other interventions were performed [ 11 ]. 
This study also demonstrated a net cost savings of €1,691 (2008 value) per patient 
in the cohort, with an estimated reduction of €60 million in healthcare expenditures 
in the Netherlands (i.e., 15 % of fall-related health costs) [ 12 ]. 

 A non-randomized, controlled trial by Salonoja et al. assessed the effects of stop-
ping FRIDs (psychotropics, opiates, or potent anticholinergics) on the risk of falls 
requiring medical treatment as a sub-analysis of a randomized, controlled multifac-
torial fall prevention study. Five hundred and twelve community-dwelling people 
65 years and older who had a history of at least one fall were enrolled. The subjects 
were divided retrospectively into three groups: (1) those using any FRIDs, (2) those 
using any psychotropic drug, and (3) those using any benzodiazepine or related 
drugs (BZDs/BZDRDs). Falls were recorded from the medical records. During the 
1-year follow-up period after the 12-month intervention, the relative risk ratio for 
falls in the control group (CG) participants compared with intervention group (IG) 
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participants was 8.26 (1.07–63.73) among the users of psychotropics and 8.11 
(1.03–63.60) among the users of BZDs/BZDRDs. The authors conclude that with-
drawal of psychotropics, especially BZDs/BZDRDs, may have played an important 
role by lowering the risk of falls requiring medical treatment during the year after 
the 12-month multifactorial intervention [ 13 ].  

17.2.3     Effects of Multiple Pharmacotherapy-Related 
Interventions 

 In a review on the effects of drug pharmacokinetic/pharmacodynamic properties, 
characteristics of medication use, and relevant pharmacological interventions on 
fall risk in elderly patients, Chen et al. found that the degree of medication-related 
fall risk was dependent on one or some of the following factors: drug pharmacoki-
netic/pharmacodynamic properties (e.g., elimination half-life, metabolic pathway, 
genetic polymorphism, risk rating of medications despite belonging to the same 
therapeutic class) and/or characteristics of medication use (e.g., number of medica-
tions and drug–drug interactions, dose strength, duration of medication use and 
time since stopping, medication change, prescribing appropriateness, and medica-
tion adherence). 

 The FRIDs they included in the review were central nervous system-acting 
agents, cough preparations, nonsteroidal anti-infl ammatory drugs, anti-Alzheimer’s 
agents, antiplatelet agents, calcium antagonists, diuretics, α-blockers, digoxin, 
hypoglycemic drugs, neurotoxic chemotherapeutic agents, nasal preparations, and 
antiglaucoma ophthalmic preparations. 

 The authors conclude with the following list of practical recommendations:

•    Make a list of FRIDs.  
•   Establish a computerized alert system for when to e-prescribe FRIDs.  
•   Seek an alternative drug with lower fall risk.  
•   Withdraw FRIDs if clinically indicated.  
•   Prescribe cautiously when the use of FRIDs cannot be avoidable.  
•   Pay attention to prescribing appropriateness.  
•   Simplify the medication regimen.  
•   Encourage and enable pharmacist-conducted clinical medication review.  
•   Ensure the label of each FRID dispensed contains a corresponding warning sign.  
•   Be vigilant when medication change occurs.  
•   Enhance medication adherence.  
•   Mandate for periodic reassessment of potential risk associated with the patient’s 

medication regimen.    

 Pharmacological interventions, including withdrawal of FRIDs, pharmacist- 
conducted clinical medication review, and computerized drug alerts, were effective 
in reducing fall risk [ 14 ].  

17 Withdrawal of Fall Risk-Increasing Drugs
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17.2.4     Pharmacist-Led Medication Review 

 This topic is presented in detail in Chapter   16    . Evidence for the effectiveness of this 
process in reducing falls comes from the following studies. An RCT by Zermansky 
reported that at the end of a 6-month intervention period, in 661 elderly care home 
residents, the mean number of medication changes per patient was 3.1 for intervention 
and 2.4 for the control group ( p  = 0.0001), and there were 0.8 and 1.3 falls per patient, 
respectively ( p  = 0.0001) [ 15 ]. Ferreri et al. published a methodology of a randomized 
controlled trial to prevent falls through enhanced pharmaceutical care [ 16 ]. Individuals 
in the intervention group were invited to attend a face-to-face medication consultation 
provided by a community pharmacy resident (i.e., identifi cation of drug–therapy 
problems and therapeutic recommendations), whereas those in the control group did 
not. All participants were followed up for 24 months. The primary study end points 
included time to fi rst fall and proportion of participants who experienced one or more 
falls during the fi rst year of follow-up. Although there was no signifi cant reduction in 
the rate of recurrent falls, injurious falls, or overall use of high-risk medications, indi-
viduals in the intervention group were more likely to discontinue use of a high-risk 
medication or have the dosage reduced during the 1-year follow-up period compared 
with those in the control group [ 17 ]. Haumschild et al. described the effects of a 
1-year fall-focused pharmaceutical intervention program on the clinical and economic 
outcomes of elderly patients in a rehabilitation center. Two hundred patients were 
randomly selected from the preintervention phase and postintervention phase. The 
pharmaceutical intervention included a complete review of all medications by a con-
sultant pharmacist. Any medications identifi ed as causing a particular adverse effect 
(e.g., dizziness) or clinical condition (e.g., falls and fractures) were listed in table 
format for review by the pharmacist, nurse, and physician. Written recommendations 
for dosage reduction and frequency adjustment were made. Precautions for drug 
administration were given to nursing personnel and attached to the patients’ medica-
tion administration records within 24 h of admission to the rehabilitation center. The 
consultant pharmacist and nurse immediately implemented the pharmaceutical inter-
ventions in the patient’s plan of care after collaborating with the physician to obtain 
medical orders relevant to the interventions. The number of falls was reduced in the 
postintervention group by 47 %, resulting in future savings of $7.74 US dollars (2003 
value) per patient per day. The use of the following drug classes decreased in the pos-
tintervention period: cardiovascular agents, 10.7 %; analgesics, 6.3 %; psychoactive 
drugs, 18.2 %; and sedatives and hypnotics, 13.9 % [ 18 ].  

17.2.5     Physician-Led Medication Review 

 In an RCT on the effects of a physician-led medication review on FRIDs use, 
Sjoberg et al. investigated whether medication reviews increased treatment with 
fracture-preventing drugs and decreased treatment with FRIDs. One hundred 
ninety-nine consecutive individuals with hip fracture aged 65 and older participated. 
The intervention consisted of medication reviews, performed by a physician and 

http://dx.doi.org/10.1007/978-3-319-32304-6_16
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communicated to hospital physicians during the hospital stay and to general practi-
tioners after discharge. Primary outcomes were changes in treatment with fracture 
preventing drugs and FRIDs 12 months after discharge. Secondary outcomes were 
falls, fractures, deaths, and physicians’ attitudes toward the intervention. At admis-
sion, 26 % of intervention and 29 % of control participants were taking FRIDs, and 
12 % and 11 %, respectively, were taking bone-active drugs. After 12 months, 77 % 
of intervention and 58 % of control participants were taking fracture-preventing 
drugs ( p  = 0.01), and 29 % and 15 %, respectively, were taking bone-active drugs 
( p  = 0.04). Mean number of FRIDs per participant was 3.1 (intervention) and 3.1 
(control) at admission and 2.9 (intervention) and 3.1 (control) at 12 months 
( p  = 0.62). No signifi cant differences were found. The 65 responding physicians 
appreciated the intervention with a median score of 5 (1 = very bad, 6 = very good). 
The authors conclude that medication reviews performed and conveyed by a physi-
cian increased treatment with fracture-preventing drugs but did not signifi cantly 
decrease treatment with FRIDs in older adults with hip fracture [ 19 ].  

17.2.6     Computerized Systems 

 In the review by Chen et al., computerized drug alerts were effective in reducing fall 
risk [ 14 ]. 

 Computerized drug alerts are expected to reduce fall-related injuries in older patients. 
 In a fi rst of its kind intervention trial, Tamblyn et al. showed that a creative, indi-

vidualized computer-assisted prescribing alert which focused on FRIDs was suc-
cessful in reducing the risk of injury by 1.7 injuries per 1,000 patients (95 % CI 
0.2/1,000–3.2/1,000,  p  = 0.02). The effect of the intervention was greater for patients 
with higher baseline risks of injury ( p  = 0.03) [ 20 ]. Details of the concepts and 
design behind this study can be found in Chapter   20    . 

 A study by Tzeng et al. determined the correlations between hospital-acquired 
injurious fall rates in US acute care hospitals and these institutions’ implementation 
levels of computerized systems. The results showed that computerized decision 
support systems for drug–drug interaction (DDI) alerts, drug allergy alerts, and 
drug–laboratory interaction alerts were effective to inform practice for better inter-
ventions to reduce fall risk [ 21 ].   

17.3     Mechanisms of Drug-Related Falls and Mechanisms 
of Withdrawal Effects 

17.3.1     How Can Drugs Increase Fall Risk? Possible 
Mechanisms of Drug-Related Falls 

 Falls can be caused by almost any drug that acts on the brain or on the circulation. 
Usually the mechanism leading to a fall is one or more of the
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following:  sedation , with slowing of reaction times and impaired balance;  hypo-
tension , including the three syndromes of paroxysmal hypotension –i.e., ortho-
static hypotension, vasovagal syndrome, and vasodepressor carotid sinus 
hypersensitivity; and  bradycardia ,  tachycardia, or periods of asystole . Falls may 
be the consequence of recent medication changes but are usually caused by medi-
cines that have been given for some time [ 22 ]. 

 In a literature review by De Groot et al., on the effects of FRIDs on postural 
control, electronic databases and reference lists of identifi ed papers were searched 
until June 2013. Only controlled research studies were included. The FRIDs 
included were antidepressants, neuroleptics, benzodiazepines, antiepileptic drugs, 
digoxin, type IA antiarrhythmics, and diuretics. Ninety-four papers were included. 
Postural control was assessed with a variety of instruments, mainly evaluating 
aspects of body sway during quiet standing. Psychotropic drug use was associated 
with an increase in body sway, and the effects were more pronounced with older 
age, use at higher daily doses, drugs with longer half-lives, and drugs administered 
for a longer period. The authors concluded that psychotropic drugs cause impair-
ments in postural control, which is probably one of the mediating factors for the 
increased fall risk. The sedative effects of these drugs on postural control are 
reversible, as was proven in intervention studies where psychotropic FRIDs were 
withdrawn. The fi ndings of the present literature review highlight the importance 
of using psychotropic drugs in the older population only at the lowest effective 
dose and for a limited period of time [ 23 ].  

17.3.2     How Can Drug Withdrawal Lead to a Reduction of Fall 
Risk? Mechanisms of Withdrawal Effects: Possible 
Pathways 

17.3.2.1     Literature Review 

 From the literature review by De Groot et al. it was concluded that the sedative 
effects of psychotropic drugs on postural control are reversible [ 23 ]. The authors 
conclude that their fi ndings highlight the importance of using psychotropic drugs in 
the older population only at the lowest effective dose and for a limited period of 
time [ 23 ]. In the same literature review, the authors found only two intervention 
studies which examined the effects of discontinuation of FRIDs on postural control, 
i.e., the studies by Van der Velde et al. and by Tsunoda et al. [ 24 ,  25 ].  

17.3.2.2     Intervention Studies 

 In the prospective cohort study of geriatric outpatients by Van der Velde et al. [ 11 ], 
withdrawal of all fall risk-increasing drugs, including cardiovascular and psychotro-
pic drugs, had positive effects on mobility tests and cardiovascular end points. 
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 In the group of fallers with FRIDs withdrawal ( n  = 65 out of 137), all mobility tests 
improved, as opposed to non-fallers and fallers without FRID withdrawal. Specifi cally, 
the 10 m-walking test (adjusted OR 0.14; 95 % CI, 0.03–0.59) and timed up and go 
(TUG) test (adjusted OR 0.19; 95 % CI, 0.04–0.86) signifi cantly improved during the 
6.7 months of follow-up. For the subgroup of psychotropic FRIDs withdrawal (e.g., 
sedatives, neuroleptics, and antidepressants), the improvement in the 10 m-walking 
test (adjusted OR 0.27; 95 % CI 0.10–0.75) and TUG test (adjusted OR 0.23; 95 % CI 
0.08–0.65) were also signifi cant. Effect size of cardiovascular FRIDs withdrawal was 
similar but did not reach signifi cance [ 24 ]. The results of Tsunoda et al. are in line 
with these results, that is, they found that discontinuation of benzodiazepine hypnotics 
was feasible in a majority of older persons. In an 8-week open-label study, 26 subjects 
60 years and older living in a nursing home were recruited. Benzodiazepine with-
drawal resulted in a signifi cant improvement in the stability of the body (total distance 
and range of trunk motion with eyes closed) and recovery of daytime cognitive func-
tions as measured by the critical fl icker fusion test and the Repeatable Battery for the 
Assessment of Neuropsychological Status subsets of immediate memory, language, 
and attention index scores. Subjective worsening in sleep, as assessed by the Leeds 
sleep evaluation questionnaire, was not reported [ 25 ]. In a recent intervention study on 
the effects of withdrawal of benzodiazepines, Nurminen et al. studied handgrip 
strength and balance in older outpatients following withdrawal from long-term use of 
temazepam, zopiclone, or zolpidem as hypnotics. 

 Eighty-nine chronic users (59 women, 30 men) 55 years and older participated in 
this study. 

 Individual physician-directed withdrawal was done gradually over a 1-month 
period and participants were followed up to 6 months. Within 3 weeks after initiat-
ing withdrawal, handgrip strength improved signifi cantly ( P  ≤ 0.005) compared to 
baseline values. This improvement was more durable in women. Improvements in 
balance testing were also apparent from the fi rst week after withdrawal initiation. 
However there was only a borderline difference ( P  = 0.054) in balance improvement 
at long-term follow-up. Of note, there was improvement in handgrip strength and 
balance compared to baseline values, in participants who reduced but were unable 
to discontinue their benzodiazepine use. The results encourage discontinuing ben-
zodiazepine hypnotics, particularly in older women who are at a high risk of falling 
and sustaining fractures [ 26 ]. In a prospective study of geriatric outpatients, Van der 
Velde et al. [ 11 ,  27 ] also assessed the cardiovascular effects of FRIDs withdrawal. 
They performed tilt-table testing in all participants at baseline. Subsequently, FRIDs 
were withdrawn in all fallers, in whom this was safely possible. At a mean follow-
up of 6.7 months, tilt-table testing was repeated in 137 participants. Tilt-table test-
ing addressed carotid sinus hypersensitivity, orthostatic hypotension, and vasovagal 
collapse. Orthostatic hypotension improved signifi cantly after withdrawal of FRIDs 
(adjusted OR 0.35; 95 % CI = 0.13–0.99). Subgroup analysis of cardiovascular 
FRIDs withdrawal showed a signifi cant reduction in both orthostatic hypotension 
(adjusted OR 0.44; 95 % CI = 0.18–1.0) and carotid sinus hypersensitivity (adjusted 
OR 0.13; 95 % CI = 0.03–0.59). These results imply that FRID withdrawal can 
result in substantial improvement of cardiovascular homeostasis [ 27 ].    

17 Withdrawal of Fall Risk-Increasing Drugs
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17.4     Drug Withdrawal, How to Do It, and Safety 
and Feasibility 

 Optimizing the drug regimen for the individual older faller means that besides pos-
sible withdrawal (cessation or dose reduction) of certain drugs, adding new drugs 
may be necessary, in order to reach a maximum reduction of fall risk and other pos-
sible adverse events. Withdrawal can be done by immediate cessation of a drug or 
in a stepwise fashion, i.e., by dose reduction. Withdrawal can be done according to 
guidelines if available for the specifi c drug, by following the instructions of the 
national formulary for withdrawing the specifi c drug [ 28 ,  29 ]. 

17.4.1     Safety and Feasibility 

 Iyer et al. conducted a systematic review to assess the benefi ts and risks of medica-
tion withdrawal in people 65 years and older as documented in trials of medication 
withdrawal published between 1966 and 2007. Only trials that focused on the with-
drawal of specifi c classes of medication were included. Withdrawal of diuretics was 
maintained in 51–100 % of subjects and was unsuccessful primarily when heart 
failure was present. Adverse effects were infrequently encountered. After with-
drawal of antihypertensive therapy, many subjects (20–85 %) remained normoten-
sive or did not require reinstatement of therapy for between 6 months and 5 years, 
and there was no increase in mortality. Withdrawal of psychotropic medications was 
associated with a reduction in falls and improved cognition [ 7 ]. 

 Garfi nkel et al. designed an approach, called the Good Palliative–Geriatric 
Practice algorithm, for medication discontinuation in community-dwelling older 
patients. When no evidence existed to support the use of a particular drug, clinical 
judgment was used and the balance of risks and benefi ts of the drug for the indi-
vidual were presented to the participants and their families. Success rates of drug 
discontinuation, morbidity, mortality, and changes in health status were recorded. 
The mean ± SD age of the 70 participants was 82.8 ± 6.9 years. Forty-three patients 
(61 %) had three or more and 26 % had fi ve or more comorbidities. The mean fol-
low- up was 19 months. Participants were using 7.7 ± 3.7 medications. Discontinuation 
was recommended for 311 medications in 64 patients (58 % of all drugs represent-
ing 4.4 ± 2.5 drugs per patient overall). Of the discontinued drug therapies, 2 % were 
restarted because of recurrence of the original indication. Taking non-consent and 
failures together, successful discontinuation was achieved in 81 % of the targeted 
drugs. Ten elderly patients (14 %) died after a mean follow-up of 13 months, with 
the mean age at death of 89 years. No signifi cant adverse events were reported, and 
88 % of patients reported a global improvement in health. The authors concluded 
that it is feasible to decrease medication burden in community-dwelling elderly 
patients and that their tool is suitable for use in randomized controlled trials in dif-
ferent clinical settings [ 30 ].   
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17.5     Discussion 

 Falls in older adults are not a disease but a symptom. Falls can be caused by many 
different interrelated factors. The majority of the studies regarding falls have used a 
multifactorial approach. Fall risk-increasing drugs have been identifi ed, but the 
exact contribution of these medications to fall risk is not completely known. 
Literature on the effects and effectiveness of withdrawal of FRIDs is scarce. There 
is evidence that withdrawal of psychotropics is effective in reducing rate of falls [ 5 ] 
and that a prescribing modifi cation program for primary care physicians can reduce 
risk of falling [ 6 ]. Smaller intervention trials have also shown benefi cial effects of 
FRIDs withdrawal on fall risk and on cardiovascular end points [ 24 ,  25 ,  27 ]. 

 Discontinuing benzodiazepine hypnotics has been shown to improve handgrip 
strength and balance [ 26 ]. 

 The results of the currently available literature encourage FRIDs withdrawal 
whenever possible, in older non-fallers, fi rst fallers, and frequent fallers, especially 
as withdrawal has been shown to be feasible and safe in the majority of cases [ 7 ,  30 ].  

17.6     Conclusions 

 Withdrawal of FRIDs can reduce fall risk and fall rates and can improve handgrip 
strength, balance, mobility tests, and cardiovascular end points. Withdrawal or dose 
reduction of FRIDs can be done safely and should be attempted in older persons, 
especially in those at risk of falls.     
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    Chapter 18   
 Benzodiazepine Withdrawal in the Elderly: 
A Practical Approach                     

     Louise     Mallet     

    Abstract     Benzodiazepines are widely prescribed in older patients. Studies have 
shown that these medications can increase the risk of falls, hip fractures, cognitive 
impairment, delirium, dementia, traffi c accidents, drug dependence and mortality. 
Guidelines and expert consensus statements addressing the adverse effects of 
chronic benzodiazepine use have not been effective in changing prescribing prac-
tices. Different interventions have been published to decrease or stop benzodiaze-
pines. In the elderly, benzodiazepine withdrawal under medical supervision coupled 
with psychotherapy has been shown to work. For pragmatic reasons (access to psy-
chotherapy not always available), medication review coupled with patient education 
should be tried. There is no evidence to support a substitution of a short/intermedi-
ate half-life benzodiazepine for a long half-life benzodiazepine. Tapering a benzo-
diazepine should be initiated with the benzodiazepine the patient is currently taking. 
Using different formulations of a particular drug should also be considered to facili-
tate reductions in dosage. The optimal duration of withdrawal varies with each 
patient, and a fl exible tapering schedule is suggested at a reduction rate that is 
acceptable for that individual. An illustration of a sample schedule to discontinue 
for oxazepam is presented.  

   Abbreviations 

  BZD    Benzodiazepine   
  CI    Confi dence interval   
  CYP    Cytochrome P450   
  OR    Odds ratio   

        L.   Mallet ,  BScPharm, PharmD, CGP, FESCP      
  Faculty of Pharmacy ,  University of Montréal ,   Montréal ,  QC ,  Canada    

  Department of Pharmacy ,  McGill University Health Center, Glen Site ,   Montréal ,  QC ,  Canada   
 e-mail: Louise.mallet@umontreal.ca  

mailto:Louise.mallet@umontreal.ca


214

18.1         Introduction 

 Benzodiazepine (BZD) usage in older patients remains a major healthcare concern. 
These drugs are widely prescribed around the world, with a prevalence of use in 
developed countries from 7 to 43 % [ 1 ]. In 2014, Olfson reported that in the United 
States in 2008, BZDs were prescribed primarily in older persons, mostly women 
and on a long-term basis [ 2 ]. Long-term use of BZDs in older patients can increase 
the risk of falls, hip fractures, cognitive impairment, delirium, dementia, traffi c 
accidents, dependence and mortality [ 3 – 6 ]. Several guidelines and expert consensus 
statements have been published to avoid long-term BZD prescribing in the elderly 
[ 7 ,  8 ]. Despite these guidelines, BZDs continue to be widely prescribed. This chap-
ter will provide a practical approach on how to discontinue BZDs in older people.  

18.2     Pharmacokinetics of Benzodiazepines 

 Benzodiazepines are rapidly absorbed from the small intestine. The bioavailability 
of the different BZD molecules varies from 80 to 100 %. These drugs are also highly 
bound to carrier proteins such as albumin ranging from 70 % for alprazolam to 99 % 
for diazepam. Active drug metabolites are also highly protein bound. This property 
of BZDs results in a higher risk of drug toxicity in malnourished or chronically ill 
older patients who have low serum albumin concentrations, due to the increased 
levels of the unbound drug which is the pharmacologically active fraction [ 9 – 13 ]. 

 BZDs enter the blood-brain barrier rapidly; the rate of diffusion is determined by 
its lipophilicity. These drugs are mostly distributed in fat, resulting in large volumes 
of distribution. With the age-related increase in proportion of body fat, the volume 
of distribution of BZDs may be further increased. BZDs are inactivated primarily by 
the liver. Long half-life BZDs such as diazepam, fl urazepam and chlordiazepoxide 
undergo hepatic cytochrome P450 (CYP)-dependent hydroxylation, demethylation 
and nitroreduction (phase 1 metabolism). The CYP isoenzymes responsible for 
these reactions include 3A4, 3A5, 2B6, 2C9 and 2C19. Some BZDs are metabo-
lized to active metabolites with a long half-life. For example, diazepam is metabo-
lized to an active metabolite, desmethyldiazepam, with an elimination half-life 
longer than the parent compound of 36–200 h. Desmethyldiazepam undergoes gluc-
uronidation to produce a glucuronide conjugate, which is hydroxylated to oxaze-
pam. These metabolites are further conjugated to produce glucuronides which are 
renally excreted. Flurazepam by itself has a half-life of 2–3 h; an active metabolite, 
N-desalkylfl urazepam, has a longer half-life of 40–250 h. Intermediate acting BZDs 
such as lorazepam, oxazepam and temazepam are metabolized via glucuronidation 
(phase 2 metabolism). These BZDs do not have active metabolites. Normal ageing 
is associated with a reduction in hepatic metabolism of medications. Decreased 
hepatic clearance of BZDs with advancing age can result in drug accumulation 
[ 9 – 13 ]. 
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 BZDs can be divided into three classes according to their elimination half-lives: 
short-acting BZDs (half-life less than 6 h), intermediate-acting BZDs (half-life 
between 6 and 24 h) and long-acting BZDs (half-life more that 24 h) [ 11 ,  14 ,  15 ]. 
Table  18.1  presents a summary of metabolism and elimination half-lives of selected 
BZDs [ 11 ,  14 ,  15 ].

18.3        Pharmacodynamics of Benzodiazepines 

 When compared to younger adults, elderly patients are more sensitive to the effects 
of BZDs. It is postulated that this increased sensitivity to BZDs by receptors in the 
brain is associated with increased sedation, gait impairment and memory loss [ 13 ]. 
Changes in postural sway have been reported after the administration of a single 
dose of diazepam in older patients [ 16 ,  17 ].  

18.4     Benzodiazepine Withdrawal Strategies 

18.4.1     Interventions for Reducing Benzodiazepine Use 
in Older People 

 A number of systematic reviews and meta-analyses have reported the evidence for 
different interventions at decreasing or stopping BZDs in different populations and 

   Table 18.1    Metabolic pathways and elimination half-lives of benzodiazepines   

 Benzodiazepine  Metabolism  Active metabolite  Elimination half-life (hours) 

 Alprazolam  Oxidation  Alprazolam  6–20 
 Chlordiazepoxide  Oxidation  Chlordiazepoxide  6–24 

 Desmethyldiazepam  36–200 
 Oxazepam  6–20 

 Clonazepam  Oxidation  Clobazam  10–32 
 Desmethylclobazam 

 Diazepam  Oxidation  Diazepam  24–48 
 Desmethyldiazepam  36–200 
 Oxazepam  6–20 

 Flurazepam  Oxidation  Flurazepam  2–3 
 N-desalkylfl urazepam  40–250 

 Lorazepam  Conjugation  Lorazepam  10–20 
 Lormetazepam  Conjugation  Lormetazepam  10–12 
 Nitrazepam  Oxidation  Nitrazepam  15–38 
 Oxazepam  Conjugation  Oxazepam  6–15 
 Temazepam  Conjugation  Temazepam  8–22 
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settings [ 18 – 21 ]. However, these publications included adults of all ages and did not 
specifi cally address older patients. Recently, a meta-analysis of randomized con-
trolled trials examined the effectiveness of different interventions for reducing 
BZDs in older people [ 22 ]. Ten studies discussed withdrawal strategies from BZDs 
and eight studies on prescribing interventions.  

18.4.2     Withdrawal Interventions 

 The most common type of interventions described in these studies was the supervi-
sion of gradual withdrawal of BZDs. Withdrawal was combined with substitute 
medications or with psychotherapy in four studies. Substitute medications included 
the use of melatonin, carbamazepine, placebo and low-dose lormetazepam. 
Psychotherapy was described as cognitive behavioural therapy, relaxation behav-
ioural therapy and psychological consulting. The duration of withdrawal interven-
tions in these studies varied from 1 week to 12 months. Patients came from a variety 
of settings: community, in-patient wards, outpatient clinics and care homes. Older 
people were using BZDs for insomnia and/or anxiety for a time ranging from 1 to 
12 months. Mean age of the participants was 74.1 years with a mean percentage of 
female participants of 73.4 %. Follow-up documentation was reported in only fi ve 
studies, with a period ranging from 0.5 to 3 months being the most frequent follow-
 up evaluation period [ 22 ].  

18.4.3     Prescription Interventions 

 Different interventions were reported, the most common being education, medica-
tion reviews and providing prescribing feedback. The length of the intervention 
ranged from 1 to 12 months. The interventions were conducted equally in care home 
and community settings. Interventions were directed primarily at physicians and/or 
other staff. Some studies focused on patients and some included both staff and 
patients. Mean age of the participants was 79.4 years and most were females (77.4 %). 
No follow-up assessment period was reported with respect to the use of BZDs [ 22 ].  

18.4.4     What Interventions Should Be Used in Practice? 

 The authors of the meta-analysis reported that the odds of not using BZDs at the end 
of the observation period was signifi cantly higher (OR 5.06, 95 % CI 2.68–9.52, 
 p  < 0.00001) for the participants in the supervised withdrawal with psychotherapy 
group when compared with the control groups, which included treatment as usual, an 
education placebo, withdrawal with or without placebo or psychotherapy alone. The 
benefi cial effects of supervised withdrawal with psychotherapy were maintained at 
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0.5–3 months and at 12 months follow-up. The long-term effects of discontinuation 
were not evaluated. Multifaceted prescribing interventions (education, medication 
review and audit/prescribing feedback) aimed at physicians, healthcare staff and 
patients improved the odds of not using BZDs (OR 1.37, 95 % CI 1.01–1.72,  p  = 0.006) 
when compared to control interventions (treatment as usual and prescribing placebo) 
[ 22 ]. The authors conclude that supervision of BZD withdrawal with psychotherapy 
should be suggested in older adults. For pragmatic reasons, when access to psycho-
therapy is limited, medication review and education may be considered [ 22 ].   

18.5     Eliminating Medications Through Patient Ownership 
of End Results (EMPOWER Trial) 

 The EMPOWER trial, a pharmacy-based patient education program, evaluated the 
effectiveness of direct patient education on drug harms on BZD cessation among 
community-dwelling older patients [ 23 ]. This cluster-randomized controlled trial 
recruited a total of 330 chronic BZD users aged 65–95 years via 30 community 
pharmacies in Montreal, Canada. The intervention consisted of an eight-page edu-
cational booklet on the indications for BZDs, the harmful effects of long-term BZD 
use and a chart describing a 20-week tapering protocol. This pamphlet was mailed 
to the participants in the intervention arm, and they were also advised to discuss the 
discontinuation of their BZD with their doctor and/or community pharmacist. 
Participants in the control group received usual care. The most frequent reasons 
reported for BZD use were insomnia and anxiety. The mean duration of use was 
10 years with an average daily dose of 1.3 mg of lorazepam equivalent. 

 At 6 months, complete cessation of BZDs was documented in 27 % of patients in 
the intervention group ( n  = 148) compared to 4.5 % in the control group ( n  = 155). 
This difference was statistically signifi cant (OR 8.33; 95 % CI 3.32–20.93) and the 
number needed to treat was 4.35. An additional 11 % of participants in the interven-
tion group had a BZD dose reduction. 

 Withdrawal symptoms (rebound insomnia, anxiety) occurred in 42 % of partici-
pants in the intervention group. Only 13 % of patients who discontinued benzodiaz-
epine therapy received substitutions with trazodone, amitriptyline or paroxetine. 
Pharmacists were less often consulted than physicians to discuss BZD  discontinuation 
(4 % versus 35.8 %) [ 23 ]. This study showed that direct-to- patient communication 
was simple, feasible and effective in decreasing chronic BZD use.  

18.6     Approaches to Discontinuation Benzodiazepines 

 Most older patients do not take more that their prescribed dose of BZDs, and they 
have been using them for long periods of time without having a medication review 
for their indication, effi cacy and side effects [ 24 ]. There are no data supporting the 
long-term use of BZDs in older persons and guidelines caution that treatment dura-
tion should not exceed 2–4 weeks [ 25 ]. With ageing, elderly patients become more 
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sensitive to the effect of the same dose of BZD with adverse outcomes such as 
memory loss, confusion, falls and fractures [ 25 ]. 

 Discontinuation of BZDs can be safely and effectively managed in the primary 
care setting. A discussion should begin at the time of BZD prescription renewal with 
the physician or with the pharmacist during a medication review. Risks of harmful 
effects of long-term BZD use and benefi ts of discontinuation should be explained to 
the patient and/or caregiver. Some patients may be reluctant to stop completely. A 
fi rst goal would be a reduction in the dose and further re-evaluation. Patients with 
alcohol, opiate or other drug addiction problems, or taking BZDs at high doses, or 
having mental health issues should be referred to an addiction specialist [ 26 ].  

18.7     Withdrawal Symptoms 

 In older people, BZDs are most frequently used for insomnia. These agents are ini-
tially prescribed for a short duration but are often represcribed without being re- 
evaluated. Long-term usage of BZDs in the elderly can lead to dependency. 
Benzodiazepine withdrawal [ 27 – 29 ] symptoms can be divided into two categories as 
listed in Table  18.2 . Older adults report sleep complaints, higher psychological dis-
tress and more chronic medical illnesses [ 27 ]. Onset of withdrawal symptoms in 
patients taking short and intermediate half-life BZDs occurs within 1–2 days com-
pared to those taking long half-life BZDs (3–8 days or longer).

18.7.1       Switching Between Short, Intermediate and Long 
Half-Life Benzodiazepines 

 The literature does not provide universal guidelines to taper BZDs in the elderly. 
Different authors advocate substituting short or intermediate half-life BZDs to an 

   Table 18.2    Benzodiazepine withdrawal symptoms   

 Physical  Headache, pain, stiffness 
 Weakness, fatigue, poor balance, dizziness 
 Palpitations, sweating 
 Visual disturbances (blurred vision, diplopia, photophobia) 
 Tinnitus, unsteadiness, light-headedness 
 Tingling, numbness 
 Gastrointestinal symptoms (nausea, vomiting, diarrhoea, constipation) 
 Flu-like symptoms 

 Psychological  Insomnia, rebound anxiety 
 Panic attack, nightmares 
 Poor memory and concentration 
 Restlessness, agitation, irritability 
 Depression, paranoia, cravings 
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equivalent dose of long half-life diazepam [ 14 ]. It is postulated that the longer half- 
life BZDs may cause less withdrawal symptoms. Limited evidence exists supporting 
this approach, and in the elderly, the use of a long half-life BZD may increase the risk 
of falls, confusion and sedation. Switching a short or intermediate half-life BZD for 
a long half-life BZD is not supported according to a Cochrane review meta-analysis 
[ 30 ]. It is reported that withdrawal symptoms are equally well tolerated in older 
patients whether they are using a short half-life or long half-life BZD [ 29 ,  31 ]. In the 
elderly, tapering can be initiated with the BZD the patient is currently taking. For 
example, if the patient is using oxazepam, tapering should be initiated using oxaze-
pam. Clinicians should be aware of the choice of formulations available for a particu-
lar medication to facilitate the decrease in dosage; for example tapering using a 
capsule formulation may be more diffi cult than the same medication in tablet form. 
Equivalent dose of BZDs are found in Table  18.3 .

18.7.2        Duration of Drug Withdrawal 

 The optimal duration of withdrawal of a BZD has not been determined and will vary 
for each patient. No precise rule exists for the withdrawal duration. Denis et al. in 
their Cochrane meta-analysis proposed a progressive withdrawal over a 10-week 
period [ 30 ]. Some authors advocate to start with a decrease by 25 % of the dose 
every 1–2 weeks; others suggest a 10 % decrement of the dose every 1–2 weeks. 
Another strategy describes a 25 % decrease in dosage per week until 50 % of the 
original dose is reached followed by a subsequent 1/8 reduction in remaining dos-
age every 4–7 days [ 32 ]. Some authors advocate a tapering schedule over 8–12 weeks 
[ 29 ] and others 4–10 weeks in the ambulatory setting [ 26 ]. 

 Tapering may not eliminate the appearance of withdrawal symptoms but will limit 
severe symptoms. Patients generally tolerate the early stages of BZD withdrawal bet-
ter than the later stages. The rate of withdrawal should be tailored to the patients’ 
needs, duration of use and initial dose of BZD [ 33 ]. For patients who have only been 
using a BZD for less than 2–4 weeks, discontinuation can be done within 2–4 weeks 
[ 33 ]. Long-term users should be withdrawn over a much longer period of several 

  Table 18.3    Equivalent dose 
of benzodiazepines  

 Benzodiazepine  Equivalent dose (mg) 

 Alprazolam  0.5 
 Chlordiazepoxide  25 
 Clonazepam  0.5 
 Diazepam  10 
 Flurazepam  15–30 
 Lorazepam  1 
 Lormetazepam  1 
 Nitrazepam  10 
 Oxazepam  20 
 Temazepam  20 
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months or more. In summary, a fl exible tapering schedule should be used at a reduc-
tion rate acceptable for the patient with monitoring parameters. If withdrawal symp-
toms become disturbing for the patient, a slower tapering schedule is recommended.  

18.7.3     Guidelines for Stopping Benzodiazepine 

 Guidelines from different countries to discontinue BZDs have previously been pub-
lished [ 26 ,  29 ,  33 ,  34 ]. Table  18.4  presents the different points to discuss with the 
patient before starting a withdrawal program.

   Table  18.5  illustrates an example of a schedule to discontinue oxazepam. This is an 
example of an 85-year-old woman who had been taking oxazepam 15 mg daily in the 
morning for the past 2 years. After discussion with her family physician, this patient 
accepted to discontinue oxazepam as suggested in Table  18.5 . A reduction by 25 % for 
the fi rst 2 weeks at listed in Table  18.5  was agreed upon. A tapering schedule over a 
10-week period was proposed and accepted by the patient. It is often diffi cult to decrease 
exactly by 10 or 25 % per week considering the formulation of the different tablets. 
Adjustment need to be considered according to the different strength available.

18.8         Conclusion 

 Long-term prescription of benzodiazepines in the elderly is not justifi ed. Older 
patients often are prescribed these medications without supervision or follow-up. 
Improvements in cognitive function, memory and balance have been reported when 

   Table 18.4    Key points to discuss with the patient   

 Discuss if it is a suitable time to discontinue the benzodiazepine 
 Explain the long-term negative effect of benzodiazepines 
 Explain that these drugs lose their effi cacy and can induce dependence after a few weeks 
 Explain to the patient what to expect in terms of withdrawal symptoms 
 Agree with the patient with a start date to begin stopping the benzodiazepine and a time period 
to discontinue the benzodiazepine 
 Provide the patient with a written schedule using a calendar. This schedule may need 
adjustment; if symptoms are minimal, the rate of withdrawal can be increase; however, if 
withdrawal symptoms are bothersome, the rate of withdrawal should be reduce 
 Provide a written prescription with the decrease dose. Extra doses can be prescribed if patient 
needs an extra dose 
 Provide written information on the withdrawal symptoms 
 Physician can delegate to other health professional such as pharmacist, the follow-up/adjustment 
of the withdrawal plan 
 Schedule a clinic follow-up every week for the fi rst 2 weeks, and then offer the patient to 
communicate every 2–3 weeks as needed 
 Provide the patient with information on sleep hygiene 
 Offer psychological interventions if available 
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these medications are withdrawn. Discontinuation should include a fl exible tapering 
schedule along with psychotherapy where available.     
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    Chapter 19   
 Role of Information and Communication 
Technologies                     

     Allen     R.     Huang     

    Abstract     The previously predicted widespread deployment and use of information 
and communication technologies (ICT) in health care is still unmet. This chapter 
describes the promises and challenges of the use of ICT in health care. The use of 
ICT can improve clinician awareness of fall risk-increasing drugs. Computer- 
assisted prescribing can potentially exert a positive impact on drug selection. Several 
issues conspire against a successful utilization of ICT in health care: alert fatigue, 
during which users bypass or ignore the annoying computer-generated messages, 
the diffi culty in sharing electronic health information due to a lack of standards, 
problems associated with data of unclear meaning, lack of training to effectively use 
ICT and awareness of its limitations, and impacts on workfl ow and high costs. 
Delays in knowledge transfer, which can take up to 17 years, are a trait of our cur-
rent health-care systems that ICT can potentially improve. Sharing of global knowl-
edge in a timely fashion, and reminding clinicians at the point of care of the best 
practices, could usher in a new era of safer health care with less falls.  

   Abbreviations 

  AFMC    Association of faculties of medicine of Canada   
  CI    Confi dence interval   
  CPOE    Computerized provider (prescriber) order entry   
  DSS    Decision-support systems   
  EHR    Electronic health record   
  FRID    Fall risk-increasing drug   
  ICT    Information and communication technology   
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  ROI    Return on investment/information   
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       “Knowing is better.” 
 Education campaign for Canada Health Infoway, 2015. 1  

   During the two decades at the end of the twentieth century, health-care system 
managers and thinkers repeatedly turned to information and communication tech-
nologies (ICT) as a potential answer to improving health-care quality and safety [ 1 ]. 
Information systems were to capitalize on computerized provider (prescriber) order 
entry (CPOE) and decision-support systems (DSS) to standardize processes, deliver 
more personalized care, and avoid adverse events. Where are we today, 35 years 
after the start of the personal computing era? 2  The knowledge doubling curve is a 
concept fi rst proposed in the 1980s by the American architect, author, designer, and 
inventor, Buckminster Fuller (Jul 12, 1895–Jul 1, 1983) based on his book  Critical 
Path  published in 1981 [ 2 ]. Fuller described, by using all the world knowledge at 
year 1 Common Era (CE) as one unit, that it took 1,500 years for the fi rst doubling, 
followed by an interval of 250, 150, and 50 years (up to CE 1950) for subsequent 
increments. Today, in 2016, the knowledge doubling time is now estimated to be 13 
months! Clinicians are at a quandary: it is probably impossible to assimilate all the 
new knowledge in the clinical sciences without assistance from ICT. Is clinical 
judgment at risk of obsolescence? This chapter will present and discuss the prom-
ises and limitations of ICT in the management of medication-related falls. 

 If computer-assisted clinical care is better, why has it not universally taken hold? 
Where is the return on investment/information (ROI)? For all that a computer can 
do faster, for instance, make sure the global banking transactions balance perfectly 
at the end of each day, there are other times when computing systems unquestion-
ably result in harm. One such case involved the Therac-25 radiation treatment 
machines, where a series of concurrent software programming errors which con-
trolled the machine resulted in giving excessive radiation doses to cancer patients, 
some of whom died prematurely from the overdoses. Thus far clinicians have a 
cynical view of computer-assisted clinical care and are reluctant to embrace this 
technology in daily care activities. Therefore, it is more diffi cult to measure the 
benefi ts and the risks that the use of ICT produces. After all, computers helped 
launch humans into space, and no one can forget the suspense, drama, resolve, and 
relief as Commander James A. Lovell, aided by his crew and the NASA team, 
brought a crippled Apollo 13 space craft safely home to earth. Does this mean all 
ICT for health care is wasted?

  The young man knows the rules but the old man knows the exceptions. (Oliver Wendell 
Holmes Sr, American writer, Aug 29, 1809-Oct 8, 1894) 

   Let’s fi rst look at the evidence for effectiveness of computer-assisted decision- 
support systems in clinical care. Since clinicians may not be aware of the presence 

1   Use of electronic health records in the Canadian population. Canada Health Infoway is an inde-
pendent not for profi t organization funded by the Canadian federal government to promote and 
enable the spread of digital health across Canada ( https://www.infoway-inforoute.ca/en/ ). 
2   A term initially attributed to researchers at Xerox’s Palo Alto Research Center as early as 1972 and 
commercialized by IBM on Aug 12, 1981, with the release of their model 5–150 personal computer 
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of fall risk-increasing drugs (FRIDs), the use of ICT can help correct this problem. 
In some cases, computer-assisted prescribing can exert a positive impact on drug 
selection. Using a computer-assisted reminder coupled to a clinical information sys-
tem for drug order entry, a 1-year pre-post intervention study done at Yale-New 
Haven Hospital in Connecticut, USA, showed an 18 % reduction in prescribing for 
sedative-hypnotic agents (OR = 0.82 [95 % CI 0.76–0.87]) [ 3 ]. The decreased pre-
scription rates for diphenhydramine, diazepam, and lorazepam were maintained 
throughout the post-intervention period, with lorazepam prescriptions decreasing 
39 % during the intervention. Almost all the patients were successfully directed to a 
safer sedative-hypnotic drug or a nondrug sleep protocol. In the chapter describing 
a “Novel Personalized Fall Risk Calculator,” the study by Tamblyn et al. [ 4 ] was 
specifi cally designed to answer whether computer-assisted alerts and reminders, 
coupled with a slick clinician-user interface would have an effect on the prescription 
of FRIDs and adverse events. This study was given the operational acronym Trial to 
Reduce Inappropriate Psychotropic Prescribing (TRIPP). The results were a con-
vincing yes! Indeed, if clinicians are presented with the right information at the time 
of prescribing, they frequently made the right decisions. With the increased avail-
ability of affordable ICT, patients and their families are becoming empowered by 
e-health initiatives, and more people are ready to become partners in their own 
health decisions. Such changes can improve clinical decision-making, increase the 
effi ciency of medical care, and strengthen communication between physicians and 
their patients [ 5 ]. For example, more than half of 315 people surveyed, living in 
urban Buffalo in New York State, USA, reported using the Web or e-mail in the past 
year and 68 % of those who accessed the Web used it to search for health informa-
tion [ 6 ]. Information is the key, not the technology. In an elegant study by 
Tannenbaum and colleagues [ 7 ], a simple eight-page brochure mailed out to patients 
regularly taking benzodiazepines was effective in discontinuing or lowering the 
dose of benzodiazepines in a signifi cant portion of people. See the chapter on 
“Benzodiazepines Withdrawal in the Elderly” for further details. 

 When computer-assisted systems save clinician time (or at least their perception 
of time) and provide interventions that are clinically relevant and compelling, and 
the alerts are designed to give pause for thinking only about an exceptional or less 
common scenario, then clinicians may begin to embrace new ways of doing things. 
In the meantime, the challenges that ICT present are not all insurmountable. Below 
are several issues that have been identifi ed that can impact on the effectiveness of 
ICT on clinical decision-making. 

19.1     The First Issue Is Alert Fatigue 

 When clinicians are bombarded by multiple recurrent alerts that frequently and 
repeatedly interrupt their task completion actions, they will be annoyed, angry, and 
disillusioned by the “dumbness” of the computer system. Bypassing, ignoring, and 
suppressing alerts then become a routine action and the important alerts are then 

19 Role of Information and Communication Technologies



226

missed (too much noise to signal) [ 8 – 10 ]. This limitation to computer-assisted DSS 
can be partly overcome, in order of complexity, by (1) assigning levels of importance 
to each alert – tier alerts, which can be challenging to reach consensus on with clini-
cians, risk management, legal experts, and fi nancial people all vying to infl uence 
decision-making from their perspective; (2) allowing each individual clinician to 
decide on alert suppression parameters such as was designed for the Medical Offi ce 
of the XXIst century (MOXXI) project [ 11 ], which involves additional algorithms 
and processing which can result in costly software customizations; and (3) an ulti-
mate smart, learning health system [ 12 ] that combines “big data” from data ware-
houses of clinical systems, administrative, regulatory, licensing, and local and 
regional factors to generate an alert profi le for each user (learner, clinician of varying 
experience or specialty) and implementation of new knowledge. Fear of litigation by 
software companies has also erected barriers to changes in alerts, but this can be 
managed through legislative or policy changes [ 13 ]. 

 User-computer interface design can also affect the effectiveness of decision- 
support systems. User-centered design (human-factors engineering) is an emerging 
area with increasing importance [ 14 ]. The starkness and simplicity of the now- obsolete 
monochromatic 80-character-wide, 25-line-long cathode-ray tube display made for 
a very effi cient computer-user interface. The modern high-resolution computer 
graphics display with 32-bit-depth color coding generating up to 16.8 million dif-
ferent colors, replete with un-asked for multimedia effects (sounds and animations) 
frequently results in distractions that diminishes the information to be conveyed [ 15 ].  

19.2     A Second Issue Is the Lack of Global Standards 

 Even though human DNA is built from the same four nucleosides (adenine, cyto-
sine, guanine, thymine), different clinical information systems have a hard time 
sharing clinically relevant information. Interoperability has been an ICT industry 
buzzword for years and continues to be exceptionally diffi cult to achieve [ 16 ]. 
Coding systems are required to transform digital health information from machine- 
readable formats (e.g., facsimile machines) to machine-interpretable formats using 
structured coding (e.g., LOINC, SNOMED 3 ). The current ICT industry devotes a 
huge effort on standards as to how electronic data is reliably and securely transmit-
ted and received between different devices and systems. These standards, defi ned, 
developed, and published by global organizations such as ISO, ANSI, IEEE, and 
HL7 4  deal more with the safety and reliability of communications between medical 
devices sold on the global market. 

3   LOINC = Logical Observation Identifi ers Names and Codes ( https://loinc.org ); SNOMED = 
Systematized Nomenclature of Medicine ( https://www.nlm.nih.gov/research/umls/Snomed/
snomed_main.html ) 
4   ISO = International Organization for Standardization ( http://www.iso.org ); ANSI = American 
National Standards Institute ( https://www.ansi.org ); IEEE = Institute of Electrical and Electronics 
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 A different challenge is what the data really means. The lack of structured and 
coded diagnoses means a signifi cant amount of cognitive work (involving working 
memory and problem-solving) has to be done by the clinician. Interruptions and 
other distractions that are part of the clinical work environment can impact on the 
completion of tasks and potentially lead to errors. Semantic persistence is a term 
that refers to information whose meaning and interpretation remains intact and 
understood by anyone anywhere and anytime. For instance, the defi nition of the 
clinical condition known as “fever” needs to be meticulously described: (1) actual 
temperature recording, (2) measurement unit used, (3) instrument used, (4) calibra-
tion of instrument, (5) operator of measurement instrument, (6) method of genera-
tion of digital data, (7) route of measurement, and (8) condition of measurement. 
Therefore, a recording of a temperature of 38.8 °C, taken by a calibrated digital 
thermometer orally in a patient who has not had anything by mouth for at least 
10 min prior to the reading and transmitted securely into an electronic health record 
system, can reliably be interpreted as “low-grade fever.” Semantic persistence, cou-
pled with trust and use of clinical information systems, can help off-load some of 
the cognitive tasks that clinicians need to perform. 

 The digital representation of a fall event is therefore challenging. The increasing 
availability of data from accelerometer devices, which are small machines that 
detect movement, now embedded into smart phones and other wearable technolo-
gies, means that electrical and computer engineers have to work collaboratively 
with clinicians to develop algorithms that can help determine the difference between 
a device being dropped, a person wearing or carrying the device sustaining a fall, 
and a stumble or jumping down off a ledge. Much work needs to be done, and several 
organizations that are engaged in this work include:

•    American National Standards Institute’s Healthcare Informatics Standards Board 
(ANSI HISB)  

•   Joint Initiative on Standards Development Organizations Global Health 
Informatics Standardization (  http://www.jointinitiativecouncil.org/index.asp    )  

•   E-Health standards Australia (  http://www.e-health.standards.org.au    )  
•   Technical committee (TC) 215 dealing with health informatics within the 

International Organization for Standardization (  http://www.iso.org/iso/iso_tech-
nical_committee?commid=54960    )     

19.3     A Third Issue Is Training 

 What training do health-care learners and practicing clinicians need to effectively 
use ICT to assist them in delivering safe health care? The traditional medical school 
undergraduate curriculum focuses on the basic and clinical science knowledge 
needed to equip a physician with the tools to diagnose conditions and plan for clini-
cal management. Concerns about an education gap have been reported in 1995 [ 17 ] 

Engineers ( https://www.ieee.org ); HL7 = Health Level Seven International ( http://www.hl7.org ) 
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and followed by a qualitative study by Buckeridge and Goel [ 18 ] in 2002 that 
reported the subject of medical informatics was poorly understood. A recent 
environmental scan and literature review in 2012 by the Association of Faculties of 
Medicine of Canada (AFMC) [ 19 ] describes an ongoing signifi cant gap. Most medi-
cal schools focused on computer literacy for information searching and evaluation 
of evidence. Few to none actually touch upon the issue that ICT are tools, with 
particular strengths and limitations. Globally the situation is similar, with countries 
such as Germany leading the way [ 20 ]. Although the AFMC report describes 
e-health as an important component in modern medical education, the mandate of 
the report was just a review. Can we trust that medical school graduates of the 
“video game generation” will intuitively and correctly use ICT? This question needs 
to be formally evaluated.  

19.4     A Fourth Issue Is a Critical Examination of How 
and When Tasks Are Completed During a Patient’s 
Care Episode 

 Process engineering and time-motion studies are tools that can help inform and 
determine where ICT can assist and where it hinders [ 21 ]. As more health-care 
activities depend on team functioning, ICT and DSS have to be designed to enable 
effective interprofessional cooperation [ 22 ]. More research is needed to clarify the 
conditions for optimal uptake and use of ICT in clinical care.  

19.5     A Fifth Issue Is Cost 

 Health care ICT is costly. There are at least fi ve major cost components: (1) hardware, 
including redundant servers because of the mission-critical nature of e-health sys-
tems, wired and wireless network connectivity, workstations, mobile devices, periph-
erals and printers; (2) electronic health record (EHR) software licenses, interfaces, 
and maintenance contracts; (3) implementation personnel, change management, etc.; 
(4) training of clinicians; and (5) operating costs such as telecommunication fees, 
maintenance contracts, upgrades, bug fi xes, data analytics, digital threat assessment, 
and defenses. 

 Several studies in the early 2000s estimated the cost of purchasing and installing 
an on-site EHR ranging from $15,000 to $70,000 US dollars per provider. Fleming 
and colleagues estimated an implementation cost of $162,000 US dollars for an 
average fi ve-physician private practice, which included $85,500 in maintenance 
expenses during the fi rst year. The practice implementation team needed 611 h, on 
average, to prepare for and implement the electronic health record system and that 
134 h per end user on average were needed to prepare for use of the record system 
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in clinical encounters [ 23 ]. Costs vary depending on whether on-site EHR deploy-
ment or Web-based (subscription) EHR deployment is selected. Subscription-based 
services are not necessarily less expensive. Open source software may save on soft-
ware licensing fees but may be offset by the need for operations personnel who have 
the required knowledge and skills to maintain, modify, and customize these pro-
grams. Security and privacy concerns about sensitive health data and compliance 
with regulatory laws 5  add additional costs for specialized hardware, software, and 
professionals. Since knowledge, technology, and processes continue to advance rap-
idly, as well as the number and scope of malicious activities toward the systems and 
the stored data, a considerable investment in people and technology is required to 
attain and maintain the trust of users and patients that security and privacy are not 
compromised.  

19.6     A Final Issue Is the Delay in Knowledge Transfer 

 A study by Morris and colleagues [ 24 ] reported that the delay between scientifi c 
discovery and uptake into clinical practice was 17 years! There should be a better and 
faster way to make sure that the care any person is receiving anywhere in the world 
is informed by the best practices and knowledge available to humankind. There has 
been tremendous progress and much work remains.  

19.7     Moving Forward and Closing Gaps 

 As I have tried to illustrate in this chapter, successful small steps in the use of ICT 
in helping to manage medication-related falls in older people have been taken. 
Future work requires a signifi cant alignment of vision, commitment, resources, and 
teamwork. At the highest administrative levels, policies can be developed to close 
gaps in interoperability and assist in securing and mandating global e-health stan-
dards. Teams whose membership must include frontline clinicians, systems manag-
ers, information technology experts, and change-management engineers are 
essential. We need to be vigilant about unintended consequences [ 25 ]. Individuals 
who are passionate about using ICT to improve clinical care, perhaps readers of this 
book, are needed to advance this issue. Uncharted territory and future trends will be 
elaborated in the fi nal chapter of this book.     

5   PIPEDA – The Personal Information Protection and Electronic Documents Act in Canada ( https://
www.priv.gc.ca/leg_c/leg_c_p_e.asp ); HIPPA – Health Insurance Portability and Accountability 
Act in the United States ( http://www.hhs.gov/hipaa/ ); EU data protection standards Directive 
95/46/EC applicable in Europe ( http://ec.europa.eu/justice/data-protection/ ); Australian National 
eHealth Security and Access Framework NESAF ( https://www.nehta.gov.au/implementation-
resources/ehealth-foundations/national-ehealth-security-and-access-framework ) as examples 
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    Chapter 20   
 A Novel Personalized Fall Risk Calculator: 
A Prototype for Improving the Safety 
of Prescribing Through Computerized 
Decision Support                     

     Robyn     Tamblyn     

    Abstract     It is widely accepted that electronic prescribing and integrated drug 
information systems can reduce avoidable errors in prescribing and dispensing. An 
optimal system that both enhances the uptake by clinicians and improves the safety 
of prescribing would have features and functionality that includes the integration of 
patient demographic information, retrieval of all currently active drugs, automated 
alerts for relevant prescribing problems, integration of electronic prescriptions and 
drug discontinuation orders into pharmacy systems, and monitoring of patient 
adherence. Targeted alerts about the overuse of psychotropic drugs in the elderly 
would be particularly relevant since this situation represents a potentially prevent-
able cause of injuries. This chapter describes the results of a cluster randomized trial 
using a cutting-edge custom-designed computer-assisted alert for the detection and 
management of psychotropic drug use. The results showed that physicians who 
were exposed to the personalized patient alerts were more likely to reduce drugs 
that were shown to contribute to fall risk, with greater changes occurring when 
greater risk was displayed. These positive fi ndings are promising, since prescribers 
will do the right thing when given the information in an easily understandable for-
mat. Computerized decision support is a powerful tool to deliver value-added infor-
mation to consumers and clinicians at the point of care. The next steps involve 
establishing the standards for delivering evidence into practice, determining what 
data is needed for personalized predictions, and determining how to deploy deci-
sion-support systems across multiple platforms.  
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   Abbreviations 

  ADE    Adverse drug event   
  CIHR    Canadian Institutes for Health Research   
  RR    Relative risk   

20.1         Prescription Drug Use and Drug-Related Illness 

 Drug expenditures are responsible for an increasing proportion of health costs, 
accounting for $1.4 trillion US dollars in annual expenditure worldwide by 2020 
and increasing at a rate of 4–7 % per year [ 1 ,  2 ]. 

 While improvement in health status should result from the appropriate use of 
prescription drugs, the potential benefi ts of drug treatment are compromised by 
avoidable errors in the drug, dose, and duration of therapy prescribed, inadequate 
drug monitoring, and patient nonadherence. 

 Drug-related illness accounts for 5–25 % of hospital admissions [ 3 – 8 ] and is now 
claimed to be among one of the top leading causes of mortality [ 9 – 11 ]. Hospital- 
based studies of adverse events systematically identify errors in prescribing and 
drug management among the leading causes of preventable injury or death [ 12 – 20 ]. 
Preventable adverse drug events (ADE) in ambulatory practice, where the vast 
majority of prescriptions are generated, are estimated to occur in 2–3 % of patients 
treated per year, of which 58 % are related to prescribing errors [ 21 – 24 ]. Indeed, an 
Australian study found that 40 % of avoidable adverse events among hospitalized 
patients arose because of problems initiated in community-based practice [ 25 ]. 

 A variety of potential causes of ambulatory prescribing problems have been 
identifi ed. The rapid increase in the number of drugs, contraindications, interac-
tions, and side effects makes it diffi cult for any physician to keep up-to-date on 
potential prescribing problems [ 26 ,  27 ]. Multiple prescribing physicians and dis-
pensing pharmacies increase the risk of avoidable prescribing errors [ 28 ,  29 ], likely 
because of the inability to readily access accurate information on all current pre-
scriptions. Transcription errors, mistakes made in transcribing the written prescrip-
tion into the appropriate drug dispensed, are estimated to occur in 15 % of 
prescriptions dispensed in community pharmacies [ 30 ]. Indeed, there is suffi cient 
concern over this avoidable source of error that the US Medicare Prescription Drug 
and Modernization Act of 2003 required the nationwide implementation of an elec-
tronic prescription drug program by January 1, 2006 [ 31 ].  

20.2     Improving Drug Safety by Computerized Prescribing 
and Drug Management Systems 

 It is widely accepted that electronic prescribing and integrated drug information 
systems can reduce avoidable errors in prescribing and dispensing [ 22 ,  26 ,  32 – 43 ]. 

R. Tamblyn



23520 A Novel Personalized Fall Risk Calculator

 Systematic reviews of the effect of computer-based decision-support systems on 
physician decision-making have identifi ed three types of systems [ 44 ,  45 ]: (1) 
stand-alone computer-based registries that track information on patient care, such 
as preventive screening, and generate reminders for follow-up care that are inserted 
into the patient chart, (2) stand-alone, interactive computer programs that can be 
used to generate disease risk and/or treatment recommendations after the clinician 
has entered relevant patient information, and (3) integrated clinical information 
systems that retrieve electronically stored patient information (e.g., labs, pathol-
ogy, drugs) and generate recommendations for screening or treatment that are pre-
sented to the clinician through an order-entry system or full electronic health 
record. The provision of decision support through integrated clinical information 
systems has produced the most substantial improvements in reducing treatment 
errors [ 46 – 48 ] and increasing adherence to evidence-based treatment recommen-
dations [ 44 ,  48 – 53 ]. This is likely because integrated systems have the capacity to 
fi t into the workfl ow of physicians and provide value-added benefi ts with minimal 
effort. Integrated systems provide patient-specifi c treatment recommendations at 
the time decisions are being made, without the requirement that extensive patient 
information be entered by the clinician before receiving treatment advice. Integrated 
drug information systems that retrieve information from community pharmacies 
are also considered to be essential for widespread use of electronic prescribing 
systems [ 22 ,  40 ,  54 ]. 

 In the case of drug management, the specifi c functionalities needed for an inte-
grated system to improve the safety and quality of drug management have been 
defi ned [ 22 ,  38 ] based on an analysis of the causes of preventable adverse drug 
events. These include the (1) integration of and display of patient demographic 
information from offi ce management systems; (2) retrieval and display of all cur-
rently active drugs from community pharmacy systems; (3) automated alerts for 
relevant prescribing problems (therapeutic duplication; excess dose; dose- adjustment 
for weight and renal impairment; drug-disease, drug-drug, drug-age, and drug-
allergy contraindications), prioritized by importance; (4) integration of electronic 
prescriptions (e-Rx) into pharmacy software to avoid transcriptions errors; (5) trans-
mission of orders to discontinue medication to dispensing pharmacies; and (6) mon-
itoring of patient adherence and treatment outcomes. 

 However, the vast majority of prescribing system do not provide these critical 
functions [ 40 ,  44 ,  55 – 63 ]. To obtain these value-added benefi ts in community-
based electronic prescribing, there is consensus that an electronic infrastructure is 
needed so that physicians can obtain information on dispensed prescriptions from 
community- based pharmacists, transmit prescriptions electronically, and manage 
refi ll requests effi ciently [ 40 ]. Unlike the hospital environment where a single 
pharmacy is involved in dispensing prescriptions for hospital patients, the ambula-
tory setting is more complex as up to 40 % of patients may obtain their prescrip-
tions from a variety of retail pharmacies and 60–80 % obtain prescriptions from 
different physicians [ 29 ]. Thus, an information infrastructure is mandatory to 
facilitate information sharing needed for safe prescribing. In the last decade, prog-
ress has been made in establishing the infrastructure for data exchange in ambula-
tory care [ 40 ], with nationwide efforts to build the legal framework and regional 
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clinical repositories to facilitate the implementation of community-based comput-
erized drug management [ 39 ,  64 ,  65 ]. Primary care physicians using an early 
Canadian prototype of an integrated drug management system were less likely to 
prescribe inappropriate medications, and physicians used the system most fre-
quently for patients with multiple medications and lower socioeconomic status 
[ 33 ,  66 ,  67 ].  

20.3     Computerized Alert Systems for Drug Safety Problems 

 One of the benefi ts of computerizing prescribing and drug management is the oppor-
tunity to automatically screen for potential drug safety problems such as drug inter-
actions, therapy duplications, incorrect dose, and drug-disease and drug-allergy 
contraindications. In a recent review of decision-support systems, four additional 
factors were identifi ed that were associated with successful change in behavior: (1) 
computerization of decision-support alerts, (2) automated provision of decision sup-
port as part of clinician workfl ow, (3) provision of decision support at the time of 
clinical decision-making, and (4) provision of recommendations rather than just 
assessment [ 45 ]. 

 Drug interaction detection is the domain of most alert systems [ 68 ,  69 ]; how-
ever, a substantially greater risk of adverse drug events is associated with drug-
allergy, drug-disease, and drug dose contraindications [ 70 ,  71 ]. This may be why 
22 % of physicians surveyed indicate that they often override alerts because they 
are not clinically relevant [ 68 ,  72 – 75 ]. However, analysis of actual behavior in 
primary care practice indicates that overriding alerts is more common as 91.2 % 
of drug-allergy alerts, and 89.4 % of high severity drug interaction alerts were 
overridden [ 72 ,  75 ]. Two-thirds of these alerts were judged to be clinically signifi -
cant, and three preventable ADEs occurred as a result of alerts being overridden. 
Physicians do appear to be more likely to respond to alerts in patients who may be 
at greater risk, those with multiple allergies, renal impairment, or new prescrip-
tions [ 72 ,  76 ]. But to date, no system has been developed to categorize prescrip-
tion drug alerts by level of risk for individual patients.  

20.4     A New Generation of Clinically Relevant Drug Safety 
Alerts 

 In order to develop clinically relevant drug alerts, patient-specifi c risks and recom-
mendations for improved treatment need to be developed. To do so, new generations 
of clinically relevant alerts need to be developed within a defi ned subpopulation of 
drugs, patients, and treatment indications so that problem-specifi c recommenda-
tions can be developed that are tailored to patients at highest risk. 
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20.4.1     Targeting Prescribing Alerts to Psychotropic Medication 
and to Patients at High Risk of Fall-Related Injury 

 One area where targeted alerts would be particularly relevant is in injury prevention 
in relationship to the overuse of psychotropic drugs (anxiolytics, antidepressants, 
antipsychotics) in the elderly. Injuries are a common cause of morbidity and mortal-
ity in older adults [ 77 ,  78 ]. The majority of injuries are fall related, and 5–10 % are 
fatal [ 79 – 81 ]. A further 9–27 % lead to a permanent loss of capacity for independent 
living [ 78 ,  82 ]. 

 Psychotropic drug use is a potentially preventable cause of injury [ 83 – 89 ]. These 
drugs are commonly used in older adults, often for indications such as insomnia or 
pain, where strong evidence of effi cacy is lacking [ 90 – 92 ]. Based on systematic 
reviews, the risk of injury is increased by 39 %, 59 %, and 50 % with the use of ben-
zodiazepines, antidepressants, and antipsychotics, respectively [ 83 ]. Risks are dose 
dependent, particularly for antipsychotics and opioids where the most rapid increase 
in use is seen for older adults [ 83 ,  90 ,  91 ,  93 ,  94 ]. 

 Effective management of psychotropic medication is challenging. In older adults, 
21–33 % are prescribed drugs that are contraindicated [ 95 – 97 ], and 29 % in doses 
that exceed those recommended [ 97 ]. Moreover, 20 % of older adults use more than 
one psychotropic drug concurrently, and 69 % have more than one physician pre-
scribing treatment, increasing the risk of undetected cumulative toxicity [ 29 ]. 
Unfortunately, the majority of safety alerts for psychotropic drugs are overridden 
[ 72 – 75 ] even when drug alert systems are customized to present only clinically 
important interactions.  

20.4.2     An Analysis of Psychotropic Drugs in Primary Care: 
Opportunities for Reducing the Risk of Fall-Related 
Injuries in Canada 

 For example, in a 4-month period, 8.1 % of the 3774 patients seen by primary care 
physicians in the  M edical  O ffi ce of the  XXI st century (MOXXI) trial had at least one 
alert related to psychotropic medication (Table  20.1 ). Therapy duplication (e.g., 
multiple benzodiazepines), drug-age contraindications, and cumulative toxicity 
from multiple medications with the same side effects (e.g., antidepressant, antihis-
tamine, antiemetic) were the main problems identifi ed. The adverse effects associ-
ated with these prescribing problems are a dose-related increase in the risk of 
sedation, confusion, and psychomotor instability which in turn increase the risk of 
fall-related injuries [ 93 ,  98 – 100 ]. Use of psychotropic medications in elderly per-
sons is associated with a 2- to 29-fold increase in the risk of falls [ 98 – 100 ] and a two 
to fi vefold increase in the risk of hip fracture [ 98 ,  99 ,  101 ].

   At particular risk are individuals over the age of 70, those with a prior history 
of falls, cognitive impairment, stroke, Parkinson’s disease, or other conditions that 
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would impair balance or gait. In the MOXXI study population (Table  20.2 ), 67.5 % 
of persons with a psychotropic drug safety alert had at least one additional risk fac-
tor for fall-related injuries. This was particularly true for women who not only were 
more likely to have a psychotropic drug prescribing alerts than men but were also 
more likely to have other risk factors. 70.3 % of women who had a psychotropic 
prescribing alert had other risk factors in comparison to 62.1 % of men, particularly 
as it is related to older age and a history of a fall-related fracture or soft-tissue injury 
in the past 12 months.

   Physicians revised their treatment plans because of alerts for a slightly higher 
proportion of patients with at least one other risk factor (10.7 %) compared to persons 
with no risk factor (8.7 %), but for the vast majority of patients, the alerts were 

   Table 20.1    Proportion of patients seen in primary care in a 4-month period with one or more 
psychotropic drug problem alerts   

 Psychotropic drug 
alert  Women ( n  = 2114)  Men ( n  = 1335) 

 Psychotropic 
prescribing alert  Yes % ( n )  No % ( n )  Yes % ( n )  No % ( n )  Yes % ( n )  No % ( n ) 

 Any problem  8.1 % 
(280) 

 91.9 % 
(3169) 

 8.8 % 
(186) 

 91.2 % 
(1928) 

 7.1 % (95)  92.9 % 
(1240) 

 Drug-age 
contraindication 

 5.1 % 
(176) 

 94.9 % 
(3273) 

 5.7 % 
(120) 

 94.3 % 
(1994) 

 4.2 % (56)  95.8 % 
(1279) 

 Cumulative 
toxicity 

 5.0 % 
(172) 

 95.0 % 
(3277) 

 5.8 % 
(122) 

 94.2 % 
(1992) 

 3.7 % (50)  96.3 % 
(1285) 

 Therapy 
duplication 

 3.5 % 
(120) 

 96.5 % 
(3329) 

 3.9 % 
(82) 

 96.1 % 
(2032) 

 2.8 % (38)  97.2 % 
(1297) 

 Dose too high  0.2 % (8)  99.8 % 
(3441) 

 0.2 % 
(4) 

 99.8 % 
(2110) 

 0.3 % (4)  99.7 % 
(1331) 

   Table 20.2    Proportion of patients seen in primary care in a 4-month period with one or more 
psychotropic drug problem alerts and the proportion of patients who had other risk factors for fall- 
related injuries   

 Any psychotropic drug 
alert 

 Any psychotropic drug 
alert 

 Any psychotropic drug 
alert 

 Women  Men 

 Risk profi le 
 Yes 
( n  = 280) 

 No 
( n  = 3169) 

 Yes 
( n  = 185) 

 No 
( n  = 1929) 

 Yes 
( n  = 95) 

 No 
( n  = 1240) 

 Any risk 
factor 

 67.5 % 
(189) 

 56.5 % 
(1790) 

 70.3 % 
(130) 

 53.1 % 
(1025) 

 62.1 % 
(59) 

 61.7 % 
(765) 

 Recent fall 
injury 

 7.1 % (20)  6.2 % (196)  9.2 % (17)  5.7 % (110)  3.2 % (3)  7.0 % (89) 

 >70 years  63.6 % 
(178) 

 52.9 % 
(1677) 

 66.5 % 
(123) 

 50 % (964)  57.9 % 
(55) 

 57.5 % 
(713) 

 Stroke  4.6 % 
(13) 

 3.2 % (102)  4.9 % (9)  2.7 % (53)  4.2 % (4)  4.0 % (49) 

 Dementia  1.8 % (5)  1.5 % (47)  1.6 % (3)  1.4 % (27)  2.1 % (2)  1.6 % (20) 
 Parkinson’s  2.1 % (6)  1.3 % (42)  1.6 % (3)  1.3 % (26)  3.2 % (3)  1.3 % (16) 
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ignored. A recent in-hospital study showed that providing physicians with patient- 
specifi c recommendations for changes in high-risk psychotropic therapy through a 
computerized order-entry system reduced the prescription of non-recommended 
drugs and doses by 10 %, which in turn was associated with a signifi cant twofold 
reduction in the in-hospital fall rate [ 101 ]. If even a 5 % reduction (annual prevalence 
16.1–11.1 %) could be achieved in primary care through targeted recommendations 
for high-risk patients with psychotropic drug prescribing alerts, it could conserva-
tively reduce the number of falls among Canadian elderly (assuming the lowest risk 
of RR = 1.66) from 116,064 to 82,212 and the number of fall-related injuries from 
11,606 to 8221. Based on the average costs (in 1998 dollars) of treating fall-related 
injuries of $20,000 US dollars/injury [ 102 ], a reduction in adverse events of this 
magnitude would be associated with an annual savings of $67,708,000 Canadian 
dollars in direct care costs (Table  20.3 ).

   The main reasons for overriding safety alerts for psychotropic drugs are that the 
alert is not clinically relevant for a particular patient, and/or the benefi t of drug 
therapy is believed to exceed the risk [ 72 – 74 ,  103 ,  104 ]. Perception of risk and ben-
efi t is known to be inaccurate by both physicians and patients—with a systematic 
trend to overestimate benefi t and underestimate risk [ 105 – 107 ]. Indeed, the patient- 
specifi c risk is rarely known for drug safety alerts. However, this can be estimated 
by incorporating predictive models of adverse events into drug alert systems [ 108 ]. 
Although these forms of risk calculators, developed on the basis of epidemiological 
models, are increasingly available for calculating risks of mortality and morbidity 
such as cardiovascular disease [ 109 ,  110 ], they have not been used in drug safety 
alerts. A golden opportunity exists to incorporate the risk assessment of adverse 
events from a substantial universe of pharmacoepidemiological studies into a new 
generation of personalized alerts. The computing power available in today’s elec-
tronic medical record systems and the focus on individualized medicine provides an 
unprecedented opportunity to integrate detailed patient data into complex predictive 
models for estimating individual patient risk and benefi t.   

20.5     Drug Safety Alerts for Reducing Fall-Related Injuries 
Attributable to Psychotropic Drugs: Developing 
the First Prototype 

 There is abundant literature on the risks of fall-related injuries with the use of psy-
chotropic drugs [ 111 – 115 ]. Ideally, a meta-analysis of estimated risks from different 
studies could be used to provide the most informative prediction of the risk of fall-
related injuries for a personalized drug safety alert system. However, there were 
fundamental and surprising limitations in existing studies [ 116 ]. The most important 
limitation was that drug dose was rarely modeled, even though this is highly clini-
cally relevant as the risk of adverse events as well as benefi t is typically dose related. 
Second, patients are often prescribed different therapeutic classes of psychotropic 
drugs together such as anxiolytics and antidepressants [ 117 – 119 ].To provide 
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clinically useful information for risk reduction, clinicians need to know the relative 
and independent contribution to the risk of adverse events among all drugs pre-
scribed. In this manner, better decisions can be made about which drugs to target for 
discontinuation or dose reductions among all drugs prescribed with central nervous 
system sedating side effects for individual patients. To provide this type of clinically 
relevant information, all drugs that can increase the risk of fall-related injuries 
through sedation side effects need to be included in predictive models to provide the 
independent assessment of risk associated with a specifi c drug or therapeutic class. 
For these reasons, an available cohort of 460,000 Quebec seniors was used to esti-
mate the risk of fall-related injuries in relationship to all therapeutic classes of drugs 
with central nervous system sedating side effects [ 116 ]. The resulting predictive 
model was used to create personalized risk predictions that could be integrated into 
computerized prescribing and drug management software.  

20.6     The Prototype: Making Decisions About How to Present 
Personalized Patient-Specifi c Risk Estimates 
Within a Computerized Prescribing and Drug 
Management System 

 Based on the principles and requirements of effective computerized clinical 
decision- support systems, the following decisions were made about the require-
ments for prototype development:

    1.     Fit with Workfl ow : Personalized information about patient risk should be pro-
vided at the time decisions are being made about their drug treatment.   

   2.     Eliminate Data Entry Requirements : Retrieve all data needed for risk assessment 
from the electronic health record.   

   3.     Identify Risks that Are Modifi able : Separate and display the magnitude of drug- 
related risks and those related to non-modifi able parameters such as age, sex, prior 
injury history, and comorbidities, and identify the offending drugs within the 
patient’s current medication list.   

   4.     Provide Evidence of Immediate Feedback on the Change in Risk with Drug and 
Dose Changes : Dynamically display the risk for modifi able and non-modifi able 
determinants of fall-related injury and the absolute and relative change in risk 
with newly prescribed medication, drug discontinuations, and dose changes.   

   5.     Display Risk Information in a Understandable Form for Numerate and 
Innumerate Users : Provide graphical and quantitative information about risk by 
showing an easily understood display.   

   6.     Allow for Clinical Justifi cation for Overriding Alerts : Having users indicate the 
reason for ignoring alerts is one factor that increased the likelihood of modifying 
drug treatment for safety concerns.     

 On the basis of these principles, we designed a fall risk thermometer that 
would appear when a patient’s electronic medical record was opened (Fig.  20.1 ). 
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It presents the probability of injury for a given patient in the next year based on 
age, sex, prior injury history, comorbid conditions, and use of drugs with central 
nervous system sedating side effects (opiates, psychotropic drugs, fi rst-generation 
antihistamines). The portion of the risk that is non-modifi able (e.g., age, sex) is 
colored in green, and modifi able risks due to drug therapy is displayed in red.

   Drugs that are implicated in the calculation of modifi able risk in the patient’s 
drug profi le are highlighted in red text with the appearance of a “fall icon” along-
side. Review papers of risk factors for fall-related injuries and tapering schedules for 
discontinuing benzodiazepines are hyperlinked to the alert so that they can be 
quickly accessed by the clinician. 

 If the clinician decides to discontinue or reduce the dose of one or more of the 
drugs implicated in the alert, the fall risk is automatically recalculated and displayed 
as both an absolute and relative reduction in risk (Figs.  20.2  and  20.3 ).

    Similarly if the clinician decides to prescribe a new drug that increases the risk, 
the additional risk will be calculated and shown both in absolute and relative risk 
increase. Increases in risk are displayed in black.  

20.7     The Effectiveness of Personalized Risk Assessment 
for Fall-Related Injury 

 The impact of this form of decision support was tested in a cluster randomized trial, 
where physicians were randomized to receiving personalized fall risk injury alerts 
versus standard alerts for drug and disease contraindications, therapy duplications, 
dosing errors, drug-allergy problems, and cumulative side effect problems [ 111 ]. 

  Fig. 20.1    The personalized fall risk calculator (illustrating a fi ctitious case) (Reproduced with 

permission from Tamblyn et al. [ 111 ])       
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  Fig. 20.2    Personalized risk calculator showing immediate feedback on risk reduction by 
discontinuing or decreasing the dose of a psychotropic drug (Reproduced with permission from 

Tamblyn et al. [ 111 ])        

  Fig. 20.3    Personalized risk calculator showing immediate feedback on risk increase by adding or 

increasing the dose of a psychotropic drug (Reproduced with permission from Tamblyn et al. [ 111 ])       

 The investigators found that physicians were more likely to reduce the risk of 
drug-related contributors to fall-related injury with the personalized patient alerts. 
Moreover, there was a signifi cant interaction between the magnitude of the risk and 
the intervention. As the overall risk of fall-related injury increased, so did the effect 
of the intervention. Physicians were more likely to modify drug treatment for 
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patients at higher overall levels of fall-related injury risk in the intervention group 
[ 111 ] (Fig.  20.4 ).

   This study is currently continuing follow-up to determine if there is also a reduc-
tion in injuries, emergency department visits, hospitalizations, and mortality.  

20.8     Future Directions for Personalized Drug Safety 
and Effectiveness Alert Systems 

 In the future, in the era of big data, there will be a proliferation of personalized predic-
tion systems that would alert consumers, patients, and providers with information that 
could infl uence their decision-making [ 120 ,  121 ]. The interest in having information 
about personalized health risk is refl ected in the many “health apps” that have been 
created and are downloaded daily by consumers and patients [ 122 – 124 ] to obtain 
feedback on risk and benefi t [ 125 – 128 ]. Predictive models to guide behavior is already 
well advanced in the consumer marketing fi eld where marketing agencies are fully 
exploiting “big data” from Internet audits of consumer behavior to infl uence decision-
making. For example, Walmart has been using data to determine consumer behavior 
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  Fig. 20.4    The effect of a personalized fall injury alert compared to standard drug alert systems 
on the risk of injury among patients in primary care (Reproduced with permission from 
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since 2004, when they analyzed the sales data after Hurricane Charley to help predict 
what items would be needed to respond to the upcoming Hurricane Frances [ 129 ]. As 
expected, fl ashlights and emergency equipment were high-priority items for custom-
ers and that information allowed Walmart to pre-stock their stores as needed. 

 In the area of drug management, strategic analysis of big data will be particularly 
pertinent. First, in social health care systems such as that found in Canada, compre-
hensive health services utilization and medication use information is constantly col-
lected on the population. These data have been extensively used to characterize the 
population risks of various drug treatments [ 130 – 133 ], as well as their benefi ts. 
Augmentation of these data with information from population genomics and metab-
olomics as well as clinical data on effectiveness of drug treatment from electronic 
health records and patient reported outcomes [ 121 ,  133 ,  134 ] are creating a vast 
science to support better implementation of personalized risk and benefi t assess-
ment at multiple levels: consumers, patients, clinicians, and policy-makers. The 
emergence of computerized decision-support systems to support the implementa-
tion of these personalized risk/benefi t systems at the point of care is lagging behind 
the data available. The gap between knowledge and implementation has been gener-
ically characterized by the Canadian Institutes for Health Research (CIHR) and 
other granting agencies as “valleys of death” for knowledge translation, represent-
ing failures or delays in putting into clinical practice what is known in clinical, 
health services, and population health research [ 135 – 138 ] (Fig.  20.5 ).

   Computerized decision support is a powerful tool to deliver value-added infor-
mation to consumers and clinicians at the point of care when they are making deci-
sions about health care management [ 139 – 141 ]. 

 To optimize the capacity for this new world of opportunities, we need to do the 
following:

    1.    Establish the standards for delivering evidence into practice—what studies mat-
ter for clinical decision-making, how to use these decision points to identify 
what studies should be included and how they should be synthesized, and how to 
represent the fi ndings of these studies in personalized prediction models.   

   2.    Determine what data is needed for personalized prediction (e.g., genomic, clini-
cal, personal preferences) and how to incorporate these data into personalized 
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  Fig. 20.5    Bridging the valleys of death (Source:   http://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2635103/pdf/nihms64943.pdf)           
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assessment of risk and benefi t to optimize decision-making about the risk and 
benefi t of drug therapy.   

   3.    Establish standards for data documentation and harmonization to enable 
decision- support systems to be used in multiple platforms. Minimizing the costs 
of software systems customization and encouraging the deployment of interop-
erability platforms such as Smart systems (  http://www.smarthealthit.org    ) can 
enable rapid scale-up.     

 Harnessing the power of data to optimize drug management will change the par-
adigm for science and clinical care by empowering patients and clinicians with the 
best, most timely, and customized evidence for individualized decision-making.     
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    Chapter 21   
 Future Directions                     

     Allen     R.     Huang     

    Abstract     Falling is part of human life. It is unlikely that medical science can com-
pletely prevent humans from falling. However, we can manage risk better and minimize 
the consequences of falls. The Haddon matrix is a framework used in the injury preven-
tion fi eld and has been adapted to help researchers to systematically assess events and 
identify methods of fall prevention. The use of medications with strong anticholinergic 
activity has been associated with impaired cognitive and physical functioning in older 
patients and possibly increase fall risk. Patient sitters have been used as a substitute for 
chemical or physical restraints for agitated hospitalized patients. A study showed that 
the use of antipsychotics and drugs with high anticholinergic activity was associated 
with sitter use. Therefore, modifying the use of these drugs can impact on patient safety, 
use of sitters, and hospital costs. Some predictions for the future include personalized 
medications, applications for wearable technology, and altering ourselves through the 
convergence of genomics, nanotechnology, and robotics that can eventually “fi x” our 
own DNA. Improved interoperability between computer systems can enable innovation 
and  patient- centered care and support a learning health-care system. Leveraging social 
media can help spread the knowledge about fall risk-increasing drugs. Leading countries 
and academic organizations have to continue to spread the message that medication- 
related falls in older people are important to recognize and manage. Each time our deci-
sions and actions can help avoid an adverse event, we have succeeded in improving the 
care given to an individual person. After all, wouldn’t each of us want this kind of 
sophisticated, safe, appropriate care for ourselves and our loved ones?  
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     Predicting the future has always been a fascinating phenomenon and sometimes 
fraught with peril. In the “Dark Ages” (the period between the decline of the Roman 
Empire and the emergence of the Renaissance, roughly sixth to thirteenth centuries 
in European history), rock crystal, or quartz, held such mystical qualities that 
spheres of the material were considered capable of showing the future. People who 
possessed such objects were imbued with clairvoyance (clear view) of future events. 
I do not claim to possess any algorithm with clairvoyant properties. In this chapter, 
I wish to engage the reader in an analysis of trends. I trust that readers by now agree 
with me that medication-related falls in older people is an important clinical issue 
which deserves a collective health-care system and clinician response to manage 
risk so that the safety and quality of the lives of our patients are optimized.

  Yesterday’s the past, tomorrow’s the future, but today is a gift. That’s why it’s called the 
present. Bil Keane, Oct 5, 1922-Nov 8, 2011; American cartoonist, “Family Circus” 

21.1       The Past as It Predicts the Future 

 Since humans began to walk upright, falling has been an inevitable consequence. 
An older person who falls once has at least a 30 % chance to fall again in the next 
year. Can medical science prevent humans from falling? I think this is highly 
unlikely within my lifetime. Can we minimize the consequences of falls or manage 
risk? I think these are achievable goals.  

21.2     Some Unexplored Corners 

21.2.1     The Haddon Matrix 

 Are falls in older people “accidents”? Should we consider using a different tool to 
manage this important health problem? The Haddon matrix is a framework used in 
the injury prevention fi eld [ 1 ] and was originally developed to apply basic principles 
of public health to the problem of car crashes and traffi c safety. This framework has 
been adapted to help researchers to systematically assess injury and identify meth-
ods of prevention [ 2 – 4 ]. Injuries are described in terms of causal factors and con-
tributing factors. The Haddon matrix helps to analyze an injury event based on the 
person who has been injured (host), what caused the injury (the agent), and the 
environment (the physical and social context in which the injury occurred). These 
factors are identifi ed and grouped into the pre-injury phase (primary prevention), 
the injury phase (secondary prevention), and post-injury phase (tertiary prevention). 
Table  21.1  illustrates an example of the Haddon matrix as applied to falls. The key 
areas involving clinicians that have potential impact on falls prevention are chang-
ing medication use, modifying prescribing practices, and performing medication 

A.R. Huang



255

reconciliation at care transitions, such as during discharge from hospital. The 
Haddon matrix is a useful construct since it can be used to engage others outside of 
health care, such as civil and social engineers, industry, and policy-makers.

21.2.2        Anticholinergic Burden 

 The use of medications with strong anticholinergic activity has been associated 
with impaired cognitive and physical functioning in older patients [ 5 – 7 ]. Even 
though clues point to adverse events associated with these drugs, little is known 
about the direct evidence between the use of these medications and falls. In Cao’s 
study of 932 participants in the Women’s Health and Aging Study I, users of these 
drugs had balance diffi culty OR = 4.9 (95 % CI 2.0, 12.00), mobility diffi culty 
OR = 3.2 (95 % CI 1.5, 6.9), slow gait OR = 3.6 (95 % CI 1.6, 8.0), diffi culty rising 
OR = 4.2 (95 % CI 2.0, 8.7), and diffi culty in performing activities of daily living 

   Table 21.1    Haddon matrix example as applied to falls (n.b. the cell contents are not comprehensive 
but illustrative)   

 Event period 

 Factors 

 Personal  Physical  Socioeconomic 

 Pre-event: risk 
of fall 

  Intrinsic : age, 
comorbidities (e.g., 
diabetes, stroke, 
Parkinson’s), dizziness, 
muscular weakness, 
sarcopenia, cognitive 
impairment, and visual 
and auditory 
impairments 
 Behavioral: sedentary, 
excessive alcohol intake, 
malnutrition, poor 
medication adherence, 
risk-taking 
polypharmacy 

  Extrinsic : 
environment 
(insuffi cient lighting, 
slippery surfaces, 
clutter, loose objects; 
water, ice, snow) 
cracks and uneven 
surfaces in public 
areas, lack of rest 
areas 

 Inappropriate prescribing, 
medication reconciliation 
not done at discharge 
from hospital 
 Social isolation, lack of 
continuity of health-care 
services 
 Safety code standards 
nonexistent or not 
enforced, inadequate 
infrastructure 
maintenance 
 Inadequate living 
conditions: income, 
housing, food 

 Event: risk of 
injury 

 Low bone mass and 
osteoporosis, low body 
weight, low muscle 
strength, insuffi cient 
protective reactions to 
falling 

 Energy-absorbing 
fl ooring materials 
 Non-age-friendly 
infrastructure (e.g., 
sidewalks without 
ramps) 

 Post-event: 
complications 
of injuries 

 Inability to arise 
following a fall 
 Fracture, fear of falling, 
muscular deconditioning, 
death 

 Absence of telephone 
or emergency 
response device, 
distance to nearest 
medical care facility 

 Insuffi cient services 
for trauma/accident, 
rehabilitation, 
community, home 
support 

  Table is adapted from Huang et al. [ 27 ]  
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OR = 3.4 (95 % CI 1.7, 6.9) [ 8 ]. Hilmer and colleagues developed the Drug Burden 
Index to study the effects of sedatives and medications with strong anticholinergic 
activity and their association with falls [ 9 ,  10 ]. A small case-control study of older 
mental health patients found that a higher “anticholinergic burden score” (an 
additive score based on the quantitative anticholinergic effect of all drugs taken) 
was associated with fallers [ 11 ]. Salahudeen and colleagues reported in their sys-
tematic review that although there is not one standardized risk tool in use, the use 
of these drugs remains consistently associated with cognitive and functional 
impairments [ 12 – 14 ]. The evidence that discontinuation of these drugs com-
pletely reverses its deleterious effects is even less certain [ 12 ]. The diffi culty in 
studying these drugs is that they comprise of nonprescription, prescription, and 
herbal products. For example, the commonly available over-the-counter drugs 
diphenhydramine (antihistamine) and dimenhydrinate (anti-nausea) and the pre-
scription antidepressant drug amitriptyline and the herbal products of henbane, 
jimson weed [ 15 ], and belladonna all fall into the group of high anticholinergic 
activity medications. A defi nitive answer to the association between the use of 
these medications and falls in older patients awaits the results of future studies, 
including a well-designed intervention trial.  

21.2.3     Hospital Sitters for Agitated Patients 

 In response to hospitalized patients who are physically agitated and are at risk for 
falls, a substitute for chemical or physical restraints has been the increasing use of 
patient sitters [ 16 ]. 

 Patient sitters are unlicensed health-care providers, whose functions are to 
provide close surveillance of “at-risk” patients and give an early warning signal 
to other hospital health-care providers when the behavior of these patients dete-
riorates. One monitored behavior is patient attempts at mobilization with a high 
risk of falling and sustaining fall-related injuries [ 16 – 20 ]. The use of sitters is 
expensive, with some US hospitals reporting an annual cost in 2009 of $1.3 mil-
lion US dollars and their effectiveness is questionable [ 20 ,  21 ]. Rochefort and 
colleagues reported the results of a nested case-control study done in an urban 
teaching hospital in Montreal, Canada, which showed that the use of antipsy-
chotics (OR = 1.26 [95 % CI 1.07, 1.49]), intermediate-acting benzodiazepines 
(OR = 1.28 [95 % CI 1.08, 1.51]), long- acting benzodiazepines (OR = 2.85 [95 % 
CI 2.02, 4.01]), and short-acting benzodiazepines (OR = 3.70 [95 % CI 2.93, 
4.69]) was each independently associated with greater sitter use [ 22 ,  23 ]. A fur-
ther case-control study among medical patients aged 65 years and older showed 
that the risk of sitter use increased by 40 % (OR = 1.4 [95 % CI 1.1, 1.7;  p  = 0.005]) 
for each drug with an anticholinergic load of one added to the patient medication 
profi le during the antecedent exposure [ 24 ]. These fi ndings suggest that a reduc-
tion in the use of psychotropic drugs and minimizing the anticholinergic load in 
older hospitalized patients may not only reduce falls but also the use of patient 
sitters as well as their costs.   
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21.3     Looking to the Future 

 Futurists, or futurologists, whose membership contains over 100 people from 
around the world at the time of this writing, have thought that predictions for health- 
care advancements were easy pickings. They see the obvious increase in the number 
of older people in the world and those that present with illnesses and conditions 
needing health-care services. Technology and innovation are then combined into 
that scenario. Some of the futurists aim for a short horizon of 5–10 years. I too pro-
pose to project my thoughts within that timeframe. Technological advances con-
tinue to accelerate dramatically such that a 5-year horizon may be reaching too far. 
The British author, inventor, and futurist Arthur C. Clarke (Dec 16, 1917–Mar 18, 
2008) wrote “Any suffi ciently advanced technology is indistinguishable from 
magic.” This phrase has now been embodied as Clarke’s Third Law. Maybe in the 
next 5 years if any of the developments described below are operationalized, then it 
will seem like “magic” that medication-related falls will be better managed or even 
reduced.  

21.4     Technologies and Developments Promising 
to the Management of Falls in Older Adults 

21.4.1     Personalized Medications 

 A disruptive technology could appear where medications are custom-made to the 
needs of an individual patient, based on their unique pharmacokinetic and 
 pharmacodynamic response to drugs. The analysis of individual genomic data could 
also be used to increase the precision of traditional drug dosing. For example, an 
85-year- old woman, based on a detailed physiologic, genomic, and proteomic 
 analysis, may be dispensed a combination tablet consisting of 1.05 mg of enalapril 
+72 mg of aspirin +742 mg of metformin as her morning pill, followed by another 
pill made of metformin 812 mg + bisoprolol 0.7 mg to be taken in the afternoon. 
These two pills would be suffi cient to manage her diabetes, hypertension, and stroke 
risks. This concept would resemble the customized compounding that pharmacists 
did in bygone days or the dispensing of traditional herbal medicines. Medications in 
liquid form already partly offer such fl exibility in dosage. Perhaps advances in 
three- dimensional printing technologies may catalyze another way forward.  

21.4.2     Wearable Technologies 

 Mobile and ubiquitous electronically enabled wireless health care is already past the 
prototype phase. Micro-robotics, with devices integrated into clothing, along with the 
appropriate accompanying smart analytics software, can help detect conditions, for 
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example, worsening sway, or gait ataxia, that places the individual at higher risk for 
falls. A wireless voice message delivered directly to a person’s hearing aid can alert 
that person to stop and sit down or to remind them to use a walking aid. In the event 
that a fall has already occurred, these smart devices can automatically initiate a call for 
assistance for the distressed individual. Other sensing devices, for heart rate, blood 
pressure, blood glucose, etc., can also be used to detect risky situations and proac-
tively suggest to the individual person to sit down or to take some glucose. People who 
suffer from orthostatic hypotension may avail themselves of clothing that can dynami-
cally constrict, perhaps similar to military antishock trousers with embedded infl at-
able air bladders or electrically controlled compression fi bers. Automatic deployment 
of these devices may increase the standing blood pressure and avoid a pre-syncopal 
event and a subsequent fall. What about a personal “air bag” that can deploy on sens-
ing a fall in progress and help mitigate a serious injury to a person’s hip or head? Other 
wearable exoskeletal machines can multiply the existing strength of an individual, 
correcting for present sarcopenia and improving balance so that individual people can 
regain the ability to stay safely upright and avoid falls. Creative thinking and tinkering 
with currently available technologies can potentially lead to new applications.  

21.4.3     Altering Ourselves 

 Ray Kurzweil, an American futurist, inventor, computer scientist, and author, has 
written about the “Singularity” 1  which is the convergence of genetics, nanotech-
nologies, and robotics. Continued miniaturization of technology will lead to 
machines that act at the molecular, atomic, and perhaps even at the subatomic lev-
els. Mr Kurzweil’s prediction is that nanorobotics can eventually “fi x” our actual 
DNA, thereby eliminating many diseases. These nanobots could conceivably reverse 
sarcopenia by growing new muscle fi bers. Others could supplant failing neurons 
and improve neurologic functioning. Engineering at the molecular level would 
greatly expand the fi eld of therapeutics.  

21.4.4     Interoperability 

 The next-generation electronic health record systems will be able to foster innova-
tion, support patient-centered care delivery, and support a learning health-care sys-
tem when it is successfully linked to big data and analytics. The time lag in 
translating knowledge to practice will continue to shrink. More clinicians will 
embrace intuitive, clinician-friendly computing systems based on human factors 
design. The Internet of Things (IOT) holds both promises of smart environments 
(maybe even age-friendly) and perils of when machines break through the 

1   The Singularity is Near.  When Humans Transcend Biology . Ray Kurzweil. Viking USA, 
New York, New York. Aug 18, 2005, ISBN-13: 978-0670033843. 
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boundaries of control or are subservient to malicious intent. Trust in the security and 
privacy of health information systems has to be universally accepted to enable ubiq-
uitous use. The current process of securing privacy by using RSA 2  keys will need to 
be re-engineered since these keys will eventually be broken with the relentless 
increases in computing power.

  The Information Age offers much to mankind, and I would like to think that we will rise to 
the challenges it presents.  But it is vital to remember that information  —  in the sense of raw 
data  —  is not knowledge ,  that knowledge is not wisdom ,  and that wisdom is not foresight . 
But information is the fi rst essential step to all of these. Sir Arthur C. Clarke in OneWorld 
South Asia, December 5, 2003 

21.4.5        Leveraging Social Media 

 Spreading knowledge about fall risk-increasing drugs (FRIDs) to patients and their 
families can be enabled through social media channels. Academic organizations, 
such as those supporting Geriatric Medicine specialists around the world, may be 
well placed to broadcast knowledge about medication-related falls and various man-
agement approaches to the blogosphere 3  or reach out to the Twitterati. 4  Perhaps a 
benzodiazepine user self-help and tapering support group could be created. 
Reasonable and rational oversight and editing would ensure that the information is 
accurate and free of unsolicited ideologies.   

21.5     Continuing Research 

 More high-quality research needs to be conducted to clarify which specifi c drugs, or 
different dosage thresholds, or cumulative exposure duration cause harm. Different 
environments offer different opportunities to modify, monitor, and manage medica-
tions and potential falls. Hospital processes need to be changed to make it diffi cult to 
prescribe FRIDs. Patients are already at higher risk for immobility and loss of func-
tion [ 25 ] when hospitalized. People living in the community and in long-stay institu-
tions can also be the targets of a public health initiative to decrease FRID use. Research 
on the tools and methods for optimal interventions needs to continue. The use of 
modern information technologies in patient co-management of fall risks, including 
appropriate medication use, introduces a new area of investigation. An additional 
trend is the inclusion of patient-reported outcomes (PROs) in studies. For example, 
participant patients in a drug trial may decide that avoidance of falls is a more impor-
tant outcome to them than an investigator-driven target blood pressure measurement.  

2   Cryptographic public-key encryption system devised by Ron Rivest, Adi Shamir, and Leonard 
Adleman, in 1977. This system is based on the product of two large prime numbers. 
3   Pertaining to all blogs and their interconnections. 
4   Avid or frequent users of the social media website Twitter. 
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21.6     Leading Countries 

 What leadership responsibilities lie with the developed countries? Perhaps they can 
enable emerging frameworks that are coming from academic organizations, from 
health care, and from informatics and health service delivery research to align pri-
vate sector businesses through governmental coaxing or legislation when necessary. 
An increased involvement in public health activities can result in improved well- 
being for everyone. Advertisements to encourage smoking cessation, to encourage 
physical activity, and perhaps even to educate the public about making informed 
health-care choices could be effective tools. For example, the Choosing Wisely ini-
tiative was led by the American Board of Internal Medicine Foundation (  http://
www.choosingwisely.org/    ) and has gained international acceptance in twelve coun-
tries around the world including the United States, Australia, Canada, Denmark, 
England, Germany, Italy, Japan, the Netherlands, New Zealand, Switzerland, and 
Wales [ 26 ]. One of the recommendations is: “Don’t use benzodiazepines or other 
sedative-hypnotics in older adults as fi rst choice for insomnia, agitation or delir-
ium.” In my opinion, the shared knowledge of people, their families and caregivers, 
and clinicians will defi nitely have an impact on reducing medication-related falls.  

21.7    Conclusions 

 As closing comments for this book, I wish to leave the reader with several 
thoughts. Because you chose to read this book, either selected chapters or its 
entirety, you are interested in learning about and perhaps wanting to help advance 
the knowledge on the effects of medications in older people and the risk for falls. 
I want to welcome you to the club. Whenever our actions can help avoid an 
adverse event, we have succeeded in improving the care given to an individual 
person. Despite the focus of many health industries on the continued chase for 
material gain, I believe a balance can be reached where a knowledgeable person 
can choose wisely for him or herself the outcomes they wish for maintaining 
their function, utility, and happiness. After all, wouldn’t each of us want this kind 
of sophisticated, safe, appropriate care for ourselves and our loved ones?     
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