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PREFACE 
 

 

This book presents and discusses research in the study of breast cancer 

diagnosis and prevention. Topics discussed include strategies for the 

prevention of breast cancer; health benefits and breast cancer screenings; 

access to mammography facilities; the reduction in the risk of human breast 

cancer by selective cyclooxygenase-2 (COX-2) inhibitors and breast cancer 

perceptions and knowledge among women living in a rural community. 

Chapter 1 - The epidemiology of breast cancer has focussed mainly on 

endogenous and exogenous endocrine risk factors for the disease. The picture 

emerging is that the greater the number of menstrual cycles to which the 

mammary epithelium is exposed, the higher the risk of breast cancer. Late 

menarche is protective as is early menopause and lactation. One paradox is the 

impact of age at first baby: this is protective up to age 30, but beyond that 

leads to an increased risk. Oophorectomy before the age of 35 leads to a two 

thirds reduction in risk of breast cancer but at the cost of severe menopausal 

symptoms and greater likelihood of osteoporosis. Another paradox is that 

ovarian ablation in BRCA1 carriers leads to a substantial lowering of risk of 

breast cancer, even though the phenotype of tumours in this group is usually 

ER/PR negative. 

The major prevention studies have used selective estrogen receptor 

modulators (SERMS) with the aim of inhibiting estrogen uptake by breast 

epithelium and have shown a halving of risk and in the IBIS trial this effect 

was maintained during the 5 years after Tamoxifen had been stopped. In the 

MORE trial, Raloxifene reduced the incidence of breast cancer by 65% but as 

in IBIS and NSABP P1 trials the effect was restricted to ER+ve tumours: no 

reduction in ER-ve cancers was seen. 
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Life-style factors such as diet, obesity and exercise have a mild to 

moderate impact on risk but it is at present unlikely that these will have 

widespread application. Similarly, reduction of alcohol intake could lead to a 

modest reduction in the risk of breast cancer but possibly adversely affect 

cardiovascular diseases and would not be acceptable to the majority of the 

population. A long-term study of fenretinide in breast cancer patients has 

shown a 50% reduction in risk of second primaries in women aged ≤40 years. 

As well as oophorectomy, bilateral prophylactic mastectomy has been 

found to reduce risk in a non-randomised trial for women with BRCA1/2 

mutations. In the future, selective ablation of mammary epithelium with 

conservation of stromal tissue may obviate the need for surgery. Trials are 

underway using aromatase inhibitors but these will only be applicable to 

postmenopausal women. Other potentially useful agents include new 

generation SERMs, demethylating agents, non-selective COX inhibitors, 

tyrosine kinase inhibitors and polyamine synthesis inhibitors. As our 

knowledge of non-endocrine risk factors increases so new interventions will 

emerge to reduce the incidence of both ER+ve and ER-ve breast cancer. 

Chapter 2 - This research analyzes the beliefs and attitudes towards breast 

cancer and mammography –using the sociocognitive postulated by the health 

beliefs models- associated with different stages of mammography adoption. A 

cross-sectional design was used. The sample was consisting of Spanish women 

(N= 151), aged 47-70 years. They were evaluated by the same questionnaire, 

which measured two types of variables: (i) Socio-cognitive: perceived severity 

of breast cancer, perceived susceptibility to breast cancer, general health 

motivation, benefits and barriers perceived to mammography, social pressure, 

perceived control on this preventive behaviour and the degree of information 

about breast cancer screening; and (ii) Stage of mammography adoption: 

Precontemplation, Contemplation, Action, Action-Maintenance and Relapse. 

All the cognitive variables, except the perceived susceptibility to breast cancer, 

have significant differences depending on the stage of mammography 

adoption. According to the stages of adoption, the women differ as for their 

beliefs towards mammography screening and breast cancer, differ also in the 

control and social pressure that they perceive to undergo mammograms, and in 

the degree of information that they have about breast cancer screening 

mammography. The results of this research may inform interventions to 

increase mammography use. 

Chapter 3 – The authors performed this study to assess women‘s 

perceptions, knowledge and behavioral practices for breast cancer prevention 

in a rural setting. A 61-item questionnaire was developed based on Health 
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Belief Model constructs and completed by 185 women age 35 and older. 

Results showed significant differences in several areas including perceived 

susceptibility and severity. Overall knowledge was poor. In logistic regression 

perceived barriers and yearly clinical breast examination appeared to be 

significant predictors for regular screening behavior (OR=0.02, CI=0.03-0.09 

and OR=0.23, CI=0.05-0.99, respectively). Behavioral interventions targeting 

barriers for rural women need to be designed to include consideration of 

specific barriers and clear information on the need for regular screening. 

Chapter 4 - Objectives: The objective of the study was to examine the 

association between access to mammography facilities and utilization of 

screening mammography in an urban population. 

Methods: Data on female breast cancer cases were obtained from an 

extensive mammography surveillance project. Distance to mammography 

facilities was measured by using GIS, which was followed by measuring 

geographical access to mammography facilities using Floating Catchment 

Area (FCA) Method (considering all available facilities within an arbitrary 

radius from the woman‘s residence by using Arc GIS 9.0 software). 

Results: Of 2,024 women, 91.4% were Caucasian; age ranged from 25 to 

98 years; most (95%) were non-Hispanic in origin. Logistic regression found 

age, family history, hormone replacement therapy, physician recommendation, 

and breast cancer stage at diagnosis to be significant predictors of having had a 

previous mammogram. Women having higher access to mammography 

facilities were less likely to have had a previous mammogram compared to 

women who had low access, considering all the facilities within 10 miles 

(OR=0.41, CI=0.22-0.76), 30 miles (OR=0.52, CI=0.29-0.91) and 40 miles 

(OR=0.51, CI=0.28-0.92) radiuses. Conclusions: Physical distance to 

mammography facilities does not necessarily predict utilization of 

mammogram and greater access does not assure greater utilizations, due to 

constraints imposed by socio economic and cultural barriers. Future studies 

should focus on measuring access to mammography facilities capturing a 

broader dimension of access considering qualitative aspect of facilities, as well 

as other travel impedances. 

Chapter 5 - This study examined the association between access to 

mammography facilities and breast cancer stage at diagnosis in an urban 

population. Data on female breast cancer cases were obtained from an 

extensive mammography surveillance project. The Floating Catchment Area 

Method, considering all available facilities within an arbitrary radius from 

woman‘s residence, was used to assess access to mammography facilities. 

Results showed that odds of breast cancer being diagnosed at an advanced 
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stage were higher for women who had greater access compared to women who 

had lower access to mammogram facilities. Greater access did not assure 

breast cancer to be diagnosed at less advanced stage due to constraints 

imposed by socio economic and cultural barriers. Future studies should 

measure access to mammography facilities capturing a broader dimension of 

access. 

Chapter 6 - Epidemiologic and laboratory investigations suggest that 

nonsteroidal anti-inflammatory drugs (NSAIDs) have chemopreventive effects 

against breast cancer due to their activity against cyclooxygenase-2 (COX-2), 

the rate-limiting enzyme of the prostaglandin cascade. 

The authors conducted a case control study of breast cancer designed to 

compare effects of selective and non-selective COX-2 inhibitors. A total of 

611 incident breast cancer patients were ascertained from the James Cancer 

Hospital, Columbus, Ohio, during 2003-2004 and compared with 615 cancer 

free controls frequency-matched to the cases on age, race, and county of 

residence. Data on the past and current use of prescription and over the counter 

medications and breast cancer risk factors were ascertained using a 

standardized risk factor questionnaire. Effects of COX-2 inhibiting agents 

were quantified by calculating odds ratios (OR) and 95% confidence intervals. 

Results showed significant risk reductions for selective COX-2 inhibitors 

as a group (OR=0.15, 95% CI=0.08-0.28), regular aspirin (OR=0.46, 95% CI 

= 0.32-0.65), and ibuprofen or naproxen (0.36, 95% CI= 0.21-0.60). Intake of 

COX-2 inhibitors produced significant risk reductions for premenopausal 

women (OR=0.05), postmenopausal women (OR=0.26), women with a 

positive family history (OR=0.19), women with a negative family history 

(OR=0.14), women with estrogen receptor positive tumors (OR=0.24), women 

with estrogen receptor negative tumors (OR=0.05), women with HER-2/neu 

positive tumors (OR=0.26), and women with HER-2/neu negative tumors 

(OR=0.17). Acetaminophen, a compound with negligible COX-2 activity 

produced no significant change in the risk of breast cancer. 

Selective COX-2 inhibitors (celecoxib and rofecoxib) were only recently 

approved for use in 1999, and rofecoxib (Vioxx) was withdrawn from the 

marketplace in 2004. Nevertheless, even in the short window of exposure to 

these compounds, the selective COX-2 inhibitors produced a significant (85%) 

reduction in the risk of breast cancer, underscoring their strong potential for 

breast cancer chemoprevention. 
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Chapter 1 
 

 

 

STRATEGIES FOR PREVENTION 

OF BREAST CANCER 
 

 

 

Ruchi Tandon and Ian S Fentiman

 

Hedley Atkins Breast Unit, Guy‘s Hospital, London SE1 9RT 

 

 

ABSTRACT 
 

The epidemiology of breast cancer has focussed mainly on 

endogenous and exogenous endocrine risk factors for the disease. The 

picture emerging is that the greater the number of menstrual cycles to 

which the mammary epithelium is exposed, the higher the risk of breast 

cancer. Late menarche is protective as is early menopause and lactation. 

One paradox is the impact of age at first baby: this is protective up to age 

30, but beyond that leads to an increased risk. Oophorectomy before the 

age of 35 leads to a two thirds reduction in risk of breast cancer but at the 

cost of severe menopausal symptoms and greater likelihood of 

osteoporosis. Another paradox is that ovarian ablation in BRCA1 carriers 

leads to a substantial lowering of risk of breast cancer, even though the 

phenotype of tumours in this group is usually ER/PR negative. 

The major prevention studies have used selective estrogen receptor 

modulators (SERMS) with the aim of inhibiting estrogen uptake by breast 

epithelium and have shown a halving of risk and in the IBIS trial this 

                                                        
 Corresponding author: Ian.Fentiman@gstt.nhs. uk 
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effect was maintained during the 5 years after Tamoxifen had been 

stopped. In the MORE trial, Raloxifene reduced the incidence of breast 

cancer by 65% but as in IBIS and NSABP P1 trials the effect was 

restricted to ER+ve tumours: no reduction in ER-ve cancers was seen. 

Life-style factors such as diet, obesity and exercise have a mild to 

moderate impact on risk but it is at present unlikely that these will have 

widespread application. Similarly, reduction of alcohol intake could lead 

to a modest reduction in the risk of breast cancer but possibly adversely 

affect cardiovascular diseases and would not be acceptable to the majority 

of the population. A long-term study of fenretinide in breast cancer 

patients has shown a 50% reduction in risk of second primaries in women 

aged ≤40 years. 

As well as oophorectomy, bilateral prophylactic mastectomy has 

been found to reduce risk in a non-randomised trial for women with 

BRCA1/2 mutations. In the future, selective ablation of mammary 

epithelium with conservation of stromal tissue may obviate the need for 

surgery. Trials are underway using aromatase inhibitors but these will 

only be applicable to postmenopausal women. Other potentially useful 

agents include new generation SERMs, demethylating agents, non-

selective COX inhibitors, tyrosine kinase inhibitors and polyamine 

synthesis inhibitors. As our knowledge of non-endocrine risk factors 

increases so new interventions will emerge to reduce the incidence of 

both ER+ve and ER-ve breast cancer. 

 

Keywords: breast cancer, prevention, tamoxifen, fenretinide, raloxifene, 

COX inhibitors 

 

 

INTRODUCTION 
 

Breast cancer is increasing in incidence such that it is now the most 

common cancer to affect women and is the second highest cause of their 

mortality (after lung cancer) [1]. It is estimated that a woman surviving to the 

age of 85 has a one in nine chance of developing breast cancer. The disease 

has identifiable risk factors so that some high-risk individuals can be identified 

and monitored in the hope of early detection. Risk factors include genetic 

mutations predisposing to inadequate DNA repair (BRCA1 and BRCA2) [2], 

age [3] and environmental influences that increase circulating levels of 

estrogen, early menarche, late menopause [4] late first childbirth [5], hormone 

replacement therapy [6, 7], and body mass index [8]. Other factors include, 

family history of breast cancer [9], abnormal breast biopsy [10, 12] alcohol 

intake [12] and radiation exposure [13]. 
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Each factor carries a different power in terms of its ability to promote 

breast cancer. The strongest include genetic mutations, family history of breast 

cancer, age and previous history of an abnormal breast biopsy. It is in these 

groups of women that monitoring for breast cancer has been concentrated. 

Methods of surveillance include genetic counselling and yearly to three-yearly 

mammograms for detection of tumours in susceptible patients. This is labour-

intensive often with a low pick up rate of tumours and with more knowledge 

of risk factors strongly implicated in the development the disease, recent 

research has been dedicated to identifying means to prevent breast cancer. 

As each individual‘s risk of breast cancer varies, only some of the 

population will be at high enough risk to benefit from an intervention to 

reduce their chance of developing breast cancer. For this reason studies have 

investigated both the strength of each risk factor [14] and also how best to 

calculate each patient‘s probability of breast cancer. The most widely 

applicable model for risk assessment is the Gail model [15]. It was developed 

using prospective data of the above risk factors from 2,852 white women with 

breast cancer and 3,146 white women controls, all of whom underwent yearly 

breast cancer screening as part of the Breast Cancer Detection Demonstration 

Project. Unfortunately, only half of breast cancers occur in patients at with 

identifiable risk factors, so that limiting studies to this population would result 

in missing many who will develop breast cancers. With this in mind, more 

recent studies have investigated whether measurable biomarkers can help 

identify patients at increased risk and examples include mammographic breast 

density [16], serum hormone levels [17] and serum insulin growth factor-1 

[18]. The methods for preventing breast cancer include reducing or 

antagonising estrogen using chemoprevention, anti-tumour agents and 

modifying lifestyle. 

 

 

CHEMOPREVENTION 
 

Clinical and experimental data have confirmed the link between estrogen 

and breast cancer. Trichopoulos and MacMahon showed that in women who 

underwent premenopausal oophorectomy, the relative risk of breast cancer fell 

from almost unity when this was performed at  50 to 0.36 when carried out at 

age <35 years [19]. Oophorectomy can lead to severe menopausal symptoms 

and so studies have examined the use of hormones to provide reversible 

antagonism with a lower profile of side effects. 
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Three aspects of estrogen modulation have been investigated. Firstly, 

gonadotrophin releasing hormone (GnRH) analogues have been used to 

antagonise the hypothalamic-pituitary pathway with add-back of estrogen. A 

second approach was selective estrogen receptor modulators (SERMs) which 

competitively bind to the estrogen receptor (ER). Tamoxifen has been the most 

widely used SERM because it is both effective with few side effects and has 

formed the basis of adjuvant hormonal therapy for many years [20]. More 

recently aromatase inhibitors to prevent peripheral generation of estrogen have 

been investigated. 

In the first adjuvant tamoxifen trial there was a decrease of approximately 

40% in the incidence of contralateral breast cancers [21]. Its use in the 

prevention of breast cancer was originally suggested in 1986 [22] following 

which, the Royal Marsden Hospital (RMH) began a pilot study to assess the 

effect of tamoxifen on the incidence of breast cancer in pre- and 

postmenopausal women with a family history of breast cancer. The pilot 

demonstrated that it was possible to recruit women to a chemoprevention trial 

with good compliance [23]. There followed a series of randomised, double 

blind, placebo-controlled trials that compared the effects of tamoxifen and 

later raloxifene against placebo on the incidence of breast cancer. The outline 

of the randomised prevention trials is given in Table 1. 

 

 

NSABP 
 

The largest of the trials was the National Surgical Adjuvant Breast and 

Bowel Project (NSABP) [24]. This enrolled 13,338 women aged ≥35 years 

into a trial comparing either 20mg tamoxifen or placebo over a five-year 

period. Participants had an increased risk of breast cancer as determined by the 

Gail model (1.66% risk or more), known previous history of LCIS or because 

they were older than 60 years of age. As well as breast cancer incidence the 

trial also examined side effects such as endometrial cancer, ischaemic heart 

disease events, fractures and vascular events. Potential participants were 

excluded if they had a history of deep vein thrombosis or pulmonary 

embolism. After a mean follow-up of 47 months there was a significant 

reduction in the incidence of both invasive and non-invasive breast cancer in 

the tamoxifen arm (124 cases v 244). The risk reduction was 49% for invasive 

and 50% for non-invasive cancer, but when analysed by subgroups, the risk 

reduction was greatest in women who were 60 years or older (55%) and those 
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with previous LCIS (56%) or atypical duct hyperplasia (86%). When the 

tumour characteristics were examined the reduced incidence occurred only for 

ER+ tumours. 

There was no significant difference in the incidence of ER- tumours nor in 

mortality rate for the 2 arms of the trial. Women in the tamoxifen group were 

at 2.53 times greater risk of developing endometrial cancer and 3 times more 

likely to suffer a pulmonary embolus, but both risks were significantly 

elevated only in post-menopausal women. Those taking tamoxifen were less 

likely to suffer fractures, particularly of the hip (49% risk reduction). There 

was no difference in the rate of ischaemic events but a greater incidence of hot 

flushes and vaginal discharge in the tamoxifen group. Once the trial results 

were published those participants taking placebo were allowed to start 

tamoxifen so that longer-term follow-up was not possible because of treatment 

contamination. 

 

Table 1. Outline of randomized prevention trials 

 

Trial Number Design Follow-up Ref 

NSABP 13338 Tam 20mg v Plac 47 months [24] 

Royal Marsden 2471 Tam 20mg v Plac 70 months [25] 

IBIS-1 7152 Tam 20 mg v Plac 120 months [32 33] 

Italian 5408 Tam 20mg v Plac 46 months [29 30] 

MORE 7705 Ral 60mg v 120mg v Plac 96 months [34] 

CORE 4011 Ral 60mg v Plac 48 months [35] 

RUTH 10,101 Ral 60mg v Plac  [36] 

STAR 19747 Tam 20m v Ral 60mg  [37] 

Tam = Tamoxifen, Plac = Placebo, Ral = Raloxifene. 

 

 

ROYAL MARSDEN HOSPITAL (RMH) 
 

The Royal Marsden Hospital pilot study went on to recruit 2471 women 

with a family history of breast cancer into a trial with a median follow-up of 

70 months [24]. In contrast to the NSABP trial there was no difference in the 

incidence of breast cancer in the tamoxifen and placebo groups [25]. There 

were significant differences between participants in the RMH trial compared 

with those in the NSABP study. Patients were younger (47 v 50-59), with a 

higher risk of developing breast cancer (96% v 76% had one first degree 

relative with breast cancer under the age of 50) and a larger proportion took 

HRT concomitantly with the tamoxifen (26% v <10%). The study authors 
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reported that their participants had a >80% chance of holding a breast-cancer-

predisposition gene, which could have impacted on the effectiveness of 

tamoxifen since the majority of tumours developing are ER negative. 

Furthermore, the concomitant use of HRT may have both reduced the efficacy 

of tamoxifen whilst elevating the risk of women in the placebo arm [26]. 

Follow up continued for up to 20 years (average of 13 years) and at this point, 

a significant reduction in breast cancer incidence was observed in the 

tamoxifen arm, predominantly in the post-treatment follow-up [27]. This 

difference was found only for ER+ve cancers. 

 

 

ITALIAN TRIAL 
 

The Italian study enrolled pre- and postmenopausal women, randomly 

assigned to either tamoxifen 20mg or placebo. To prevent development of 

endometrial cancer, all patients had undergone hysterectomy with or without 

oophorectomy. As oophorectomy reduces endogenous estrogen and is 

documented to reduce the development of invasive breast cancer, the 

consequence of this was that the risk of breast cancer within the study cohort 

was the same or even lower than the normal population [28]. In contrast to the 

NSABP study, analysis after 46 months [29] and 81 months [30] of follow-up 

revealed no difference in the incidence of breast cancer between the tamoxifen 

and placebo group. Subsequently, the authors stratified the study population 

using reproductive and hormonal characteristics into those at high risk or low 

risk of developing ER+ tumours. A retrospective analysis demonstrated that 

tamoxifen did reduce the incidence of breast cancer, but only in the high-risk 

subgroup of patients [31]. 

 

 

IBIS-I (INTERNATIONAL BREAST 

INCIDENCE STUDY) 
 

IBIS-I recruited 7152 pre- and postmenopausal women with a family 

history of breast cancer and participants took either tamoxifen 20mg or 

placebo for five years. The primary outcome measured was the incidence of 

invasive and non-invasive breast cancer, secondary endpoints included the 

incidence of endometrial cancer, thromboembolic events and cardiovascular 

events. As in the NSABP trial, tamoxifen was found to reduce the incidence of 
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both invasive breast cancer (25%) and non-invasive breast cancer (69%). All 

the risk reduction related to ER+ tumours: there was no reduction in ER- 

tumours [32]. Patients receiving tamoxifen suffered a greater rate of 

endometrial cancer; all women affected were postmenopausal, all but one were 

stage 1, low or intermediate grade adenocarcinoma and excess was non-

significant. Other complications noted included a significant increase in the 

rate of thromboembolic events, vasomotor symptoms such as hot flushes and 

gynaecological symptoms such as abnormal bleeding. Long-term results from 

the study were released after 10 years of follow-up [33]. They demonstrated 

that the protective effect of tamoxifen lasted beyond the 5 years of treatment; 

the reduction between 0-5 years was 34% whilst between 5-10 years it was 

22%. Furthermore, the percentage reduction of ER+ tumours was greater 

during the follow-up period than the treatment period (43% v 27%). There was 

no reduction in ER- tumours. These results suggest that the effects of 

tamoxifen accumulate during treatment giving further benefit beyond cessation 

of treatment. In contrast, the increased risk of endometrial cancers, 

thromboembolic events and cardiovascular events seen with tamoxifen was 

limited to the treatment period and not seen following its cessation. 

 

 

MORE 
 

Raloxifene is a selective estrogen receptor modulator that was developed 

for use in post-menopausal women with osteoporosis. The benefit of this is 

that it was as a common problem and so it could be of value to a larger 

proportion of women; 54% of breast cancers occur in women with a Gail 

evaluated risk of less than 1.67% - the cut off for the tamoxifen trials listed 

above. The disadvantage however was that all the trials involving raloxifene 

have limited participation to post-menopausal women. 

The Multiple Outcomes of Raloxifene Evaluation (MORE) trial recruited 

7705 postmenopausal women with evidence of osteoporosis to take 60mg 

raloxifene, 120mg raloxifene or placebo over a 40-month period. The primary 

endpoints included the incidence of breast cancer, endometrial thickness, deep 

vein thrombosis and pulmonary embolus (PE). There was a 76% decrease in 

all breast tumours; specifically 90% of ER+ tumours. It was calculated that 

126 patients would need to be treated to prevent one case of breast cancer [34]. 

There was a similar increase in thromboembolic events as seen with tamoxifen 

but in contrast, raloxifene did not cause endometrial stimulation or carcinoma. 
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The drug was well tolerated; it was not associated with vaginal bleeding or 

breast pain, the main side effect being a high incidence of hot flushes. 

 

 

CORE 
 

Continuing Outcomes Relevant to Evista
 

is the follow-up trial from 

MORE. Patients, who were treated for more than 4 years whilst on the MORE 

trial were invited to participate in a double-blind placebo controlled study 

comparing raloxifene 60mg or placebo as randomised in the MORE trial. 4011 

women were enrolled and completed a further 4 years of medication before 

analysis was performed. The trial showed a continuing effect of raloxifene in 

reducing the incidence of ER positive breast cancers (66% for the four years of 

the CORE trial, 76% for the 8 years of therapy). There was no difference 

identified in the rate of ER negative breast cancer between the raloxifene and 

placebo groups. After 8 years of therapy, there was no significant difference in 

adverse events between raloxifene and placebo groups in terms of vaginal 

bleeding, endometrial hyperplasia, endometrial cancer, risk of thromboembolic 

disease and breast pain. A statistical difference was noted in the reporting of 

leg cramps and hot flushes in the Raloxifene group after 8 years of therapy 

[35]. 

 

 

RUTH 
 

The Raloxifene Use for The Heart (RUTH) trial also followed on from the 

MORE trial. It recruited 10,101 postmenopausal women with an increased risk 

of cardiovascular disease who were randomised to 60mg raloxifene or placebo 

for a period of 5 years. Primary outcomes measured included coronary events 

and invasive breast carcinoma. Despite evidence that raloxifene lowers levels 

of LDL cholesterol in this and other studies, analysis revealed no differences 

in the incidence of fatal and non-fatal myocardial infarction or hospitalisation 

from acute coronary syndrome between the raloxifene and placebo groups. 

However, with regards to the effect of raloxifene on the incidence of invasive 

breast cancer, there was a 55% reduction in ER+ cancers and no risk reduction 

for ER- tumours [36]. 
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STAR 
 

This was the second randomised, double blind prevention trial conducted 

by the National Surgical Adjuvant Breast and Bowel Project that directly 

compared tamoxifen and raloxifene. 19,747 postmenopausal women with a 

history of LCIS or breast cancer risk of over 1.66% (as estimated using the 

Gail method) were randomised to 5 years of either 20mg tamoxifen or 60mg 

raloxifene. There was no significant difference in the rates of invasive breast 

cancer between each group and a non-statistically significant rise in the rate of 

non-invasive breast cancer in the raloxifene group (80 v 57). In terms of 

adverse events; there was a trend for reduced incidence of endometrial cancer 

in the raloxifene group (23 v 36), and significant reductions in the rate of 

endometrial hyperplasia and hysterectomies performed. In addition, there was 

a 30% decrease in the rate of deep vein thrombosis and pulmonary embolism 

in the raloxifene group. No statistical difference was observed in the rate of 

other malignancies, ischaemic heart disease events, transient ischaemic 

attacks, fractures and deaths [37]. 

 

 

FURTHER AREAS TO BE INVESTIGATED 
 

There is strong evidence for the use of tamoxifen and raloxifene in the 

prevention of breast cancer, and since raloxifene is associated with 

significantly fewer side effects in postmenopausal women it would be the drug 

of choice. However, its efficacy in pre-menopausal women has yet to be 

studied and it may be that its benefit in this group of women is not as strong as 

tamoxifen. Similarly, the adverse effects of tamoxifen appear to primarily 

affect postmenopausal women – suggesting that the risk/benefit ratio would be 

better in pre-menopausal women – allowing it to be used in this subset of the 

population. Nevertheless, its efficacy in this group has yet to be formally 

examined. It may be that as younger women are less likely to develop ER 

positive tumours and as such tamoxifen would not confer enough benefit to 

them. A Canadian group have used the findings of the BCPT trial and 

performed a statistical analysis to determine whether the normal population 

would benefit from tamoxifen based on the relative preventative benefit and 

potential detrimental adverse effects; their findings suggest that the 

risk/benefit ratio should limit tamoxifen use to those with a lifetime risk of 

>3.32%, which is much higher than the >1.66% for which it is currently 
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approved [38]. Furthermore, when patients with a high risk of breast cancer 

are given the information of the potential benefits and risks associated with 

tamoxifen, the majority decline to take it based on fears of the potential 

adverse effects [39]. Additionally, tamoxifen and raloxifene do not protect 

against cardiovascular disease or osteoporosis to the same extent as hormonal 

replacement therapy – diseases that also present significant risk of morbidity 

in postmenopausal women, and concurrent use of HRT with tamoxifen could 

probably cancel its preventative effect. 

In addition, there needs to be further assessment on the role of other 

estrogen derivatives or estrogen antagonism in breast cancer prevention. 

Aromatase inhibitors prevent the peripheral production of estrogens that serves 

as the major source of estrogen in postmenopausal women. It is already in use 

as an adjuvant therapy in post-menopausal women and its superiority over 

tamoxifen in reducing contralateral breast cancer was demonstrated in the 

Arimidex versus Tamoxifen Alone or in Combination (ATAC) trial [40]. Not 

only did anastrozole (Arimidex) reduce the incidence of contralateral breast 

cancers more than tamoxifen, but also with fewer reports of vaginal bleeding, 

thromboembolic events and endometrial cancer. Its main side effect is an 

increase in fractures and musculoskeletal symptoms. The IBIS group is 

currently examining the protective effects of anastrozole and exemestane in 

post-menopausal women as part of their IBIS-II trial whilst the National 

Cancer Institute of Canada‘s Clinical Trial Group (NCIC CTG) are studying 

its effectiveness when given in combination with cyclo-oxygenase (COX)-2 

inhibitors. There are also studies into the role of gonadotrophin releasing 

hormone (GnRH) agonists, such as goserelin, which effectively produces a 

reversible oophorectomy. When used in combination with tamoxifen they have 

been shown to be effective as second-line endocrine therapy for pre-

menopausal women with advanced breast cancer [41] and as effective as 

chemotherapy in the treatment of early hormone sensitive disease [42]. 

Goserelin has also been reported to reduce mammographic densities [43]. and 

there may be a preventative role for goserelin particularly in BRCA1 and 

BRCA2 patients [44] (discussed below). 

Finally, there needs to be further assessment on the length of duration 

necessary for treatment. All the tamoxifen trials used 5 years worth of 

treatment and follow-up studies of both the RMH and IBIS-I trials have shown 

that the protective effects of tamoxifen outlast its treatment. However, 

extended treatment with raloxifene has been studied in the MORE and CORE 

trials which have shown that raloxifene continues to have a protective effect, 
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albeit less than during the first four years of treatment – suggesting that unlike 

tamoxifen, there is no cumulative effect. 

 

 

STRATEGIES IN PATIENTS CARRYING 

BRCA1/BRCA2 MUTATIONS 
 

The breast cancer susceptibility genes BRCA1 and BRCA2 were 

identified, on the long arms of chromosomes 17 and 13 respectively, just over 

a decade ago. Mutations in these genes are thought to interact with p53 

resulting in cell cycle dysfunction and failure to repair DNA damage [45]. 

They occur most commonly among Ashkenazi Jews at a rate of 2.5% and 

within their breast cancer population between 15 and 25% [46]. In the British 

population approximately 7% of breast cancers develop in patients with 

inherited mutations in BRCA1 or 2 [47]. 

These mutations predispose individuals to both breast and ovarian cancer 

from a young age. The lifetime risk of developing breast cancer can be as high 

as 80% [48] it being determined by both the penetration of the gene as well as 

age, family history of breast cancer and environmental factors such as age of 

menarche [49, 50]. The breast neoplasms developing in these patients are 

larger, of a higher grade and with a higher rate of ER receptor negativity [51]. 

Scandinavian studies show a strong correlation with negativity in BRCA1 

carriers [52] but little association in BRCA2 carriers [53]. 

Prevention strategies for gene carriers include prophylactic mastectomy, 

oophorectomy, chemoprevention and oophorectomy with chemoprevention. 

The success of such approaches is difficult to analyse prospectively as BRCA1 

and 2 carriers represent such a small population of patients who develop breast 

cancer and those in genetic testing programmes often already have been 

diagnosed with breast cancer. Of the limited studies available, with small 

patient numbers, most involve retrospective or observational studies, assessing 

a mixture of primary and secondary/contralateral disease [54]. The results 

indicate a potential benefit of 95% with prophylactic mastectomy [55],  50% 

with prophylactic oophorectomy [56], 63% with tamoxifen in BRCA2 carriers 

only and 84% with combined tamoxifen and oophorectomy (assessment of 

secondary contralateral breast cancer) [57]. There remains some confusion 

about the benefit of estrogen antagonism in BRCA1 carriers – patients with 

this mutation develop less ER positive tumours and studies investigating the 

potential benefit of tamoxifen suggest that estrogen antagonism confers little 
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benefit [58]. However, this is in direct contrast to the finding that 

oophorectomy confers significant benefit – perhaps there is another variant of 

estrogen or estrogen receptor playing a role that is as yet unidentified? 

 

 

ANTI-TUMOUR AGENTS 
 

These include natural or synthetic agents that reverse or inhibit 

carcinogenesis. Studies have been performed to assess the benefit of vitamin 

A, vitamin E, selenium, gene/biological therapy and cyclo-oxygenase (COX)-

2 inhibitors. Vitamin A analogues, retinoids, are natural antitumour agent and 

studies have documented their ability to interfere with the process of 

carcinogenesis [59]. A randomised trial of the benefit of 5 years therapy with 

Fenretinide in patients with previous breast cancer showed no effect on 

prevention of secondary cancer compared to placebo [60]. Longer follow-up 

did however show an effect in pre-menopausal women, in whom there was a 

significant risk reduction that increased with age and persisted beyond the 

treatment phase [61]. 

Vitamin E analogues such as -Tocopherol are being investigated, as they 

are known to inhibit proliferation of tumour cells and induce apoptosis [62]. A 

study investigating the effects of dietary vitamins through the daily intake of 

fruits and vegetables in 83,234 women showed a reduction in risk of breast 

cancer in pre-menopausal women [63]. 

Selenium derivatives have also been found to have antitumour activity and 

studies suggest that it acts through active methylated metabolites formed in the 

body. Using a rat model of breast cancer an 86% reduction in risk was found 

after administration of Allylselenocysteine, a selenium compound, when 

compared with no treatment [64]. 

Gene therapy is based upon the idea of immunomodulation – activating 

the host immune system to fight tumours through mechanisms such as; 

introducing genes for cytokines into cancer cells to stimulate a cytotoxic 

response against the tumour [65] and directly introducing anti-tumour natural 

killer cells into the host [66]. This exciting concept has begun to develop with 

the discovery of recombinant DNA technology, however it is still far from 

therapeutic use. There are still multiple issues about how gene therapy is best 

delivered and the potential adverse effects of using viral agents or vaccines. In 

principle, it presents an ideal therapy by allowing a ‗natural‘ treatment without 

potential side effects of surgery and chemotherapy. 
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COX-2 inhibitors were investigated as an over-expression of COX-2 is 

associated with the invasive capacity of aggressive tumours [67]. Cell studies 

assessing COX-2 expression in breast cancer, vascularisation and response to 

COX-2 inhibitors reveal that high levels of COX-2 are associated with a form 

of angiogenesis different to that seen in normal endothelial derived 

vasculature, which is reversed with the use of inhibitors. The hypothesis 

follows that COX-2 facilitates carcinogenesis by allowing this new type of 

vasculature to form in hypoxic or necrotic areas of breast cancer and that 

COX-2 inhibitors could therefore hinder carcinogenesis by preventing this 

vascular channel formation [68]. COX-2 has also been linked with aromatase 

induction [69] and growth of ER negative cell lines [70]. Rat mammary 

studies with the COX-2 inhibitor celecoxib, show a dose-dependant reduction 

in both the incidence and aggressive nature of tumours that increases with the 

addition of an aromatase inhibitor [71]. This synergistic relationship has 

prompted the National Cancer Institute of Canada‘s Clinical Trial Group 

NCIC CTG to begin a randomised trial of postmenopausal women with breast 

cancer to anastrozole versus exemestane for 5 years with or without celecoxib 

for 3 years. They are also launching a randomised phase III trial to assess the 

possible role of exemestane with or without celecoxib versus placebo in the 

prevention of breast cancer in postmenopausal women. 

 

 

LIFESTYLE CHANGES 
 

There is some work that suggests diet and exercise can reduce breast 

cancer risk [72]. Retrospective studies of athletes show a decrease incidence in 

the rate of breast and other cancers as well as adult-onset diabetes [73]. 

Regulation of diet, exercise and body mass index could act through reducing 

the circulating serum levels of estrogen [74] and sustaining a lean body [75]. It 

is unfortunate that many individuals would rather take a daily tablet than alter 

their lifestyle so that the applicability of these approaches remains 

questionable. 

The major impediments to effective prevention of breast cancer are the 

large gaps in our knowledge of the aetiology of the disease: endocrine 

approaches will reduce the incidence of ER+ve cancer but different regimens 

are needed to inhibit the evolution of the more aggressive ER-ve variant. Once 

this has happened we will be able to look forward to the disappearance of this 

major killer of middle-aged women. 
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ABSTRACT 
 

This research analyzes the beliefs and attitudes towards breast cancer 

and mammography –using the sociocognitive postulated by the health 

beliefs models- associated with different stages of mammography 

adoption. A cross-sectional design were used. The sample was consisting 

of Spanish women (N= 151), aged 47-70 years. They were evaluated by 

the same questionnaire, which measured two types of variables: (i) Socio-

cognitive: perceived severity of breast cancer, perceived susceptibility to 

breast cancer, general health motivation, benefits and barriers perceived 

to mammography, social pressure, perceived control on this preventive 

behaviour and the degree of information about breast cancer screening; 

and (ii) Stage of mammography adoption: Precontemplation, 

Contemplation, Action, Action-Maintenance and Relapse. All the 

cognitive variables, except the perceived susceptibility to breast cancer, 

have significant differences depending on the stage of mammography 

adoption. According to the stages of adoption, the women differ as for 

their beliefs towards mammography screening and breast cancer, differ 

also in the control and social pressure that they perceive to undergo 

mammograms, and in the degree of information that they have about 

breast cancer screening mammography. The results of this research may 

inform interventions to increase mammography use. 

 

 

1. INTRODUCTION 
 

The mammogram is the most widely known technique for early breast 

cancer detection (Humphrey, Helfand, Chand and Wolf, 2002; Kerlikowke, 

Grady, Rubin, Sandrock and Ernster 1995; Primic-Zakelj, 1999; Rippon, 

1994). Research shows that periodic mammography screening reduces the 

mortality rate caused by breast cancer among women aged between 40 and 47 

(Humphrey et al., 2002). This effect the screening has on breast cancer 

mortality is persistent throughout long-term follow-ups and is age dependent, 

obtaining better results on women over fifty (Deck and Kakuma, 2005; 

Nystrom et al., 2002). Although some authors have questioned the utility of 

breast cancer screening (Gotzsche and Olsen, 2000; Olsen and Gotzsche, 

2001), and there is still controversy regarding the age of initiation (Miller, 

Baines 
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and To, 2002; Ringash, 2001; Sox, 2002), there is consensus as to the 

recommendation (grade B) of screening: every 1 or 2 years for early breast 

cancer detection in women aged 40 and over (Agency for Healthcare Research 

and Quality, 2002). 

Furthermore, it is necessary to take into account that the success of any 

early detection program does not solely depend on the clinical effectiveness of 

the screening technique used—the mammogram in this case—but also on the 

participation by the targeted population. Without high participation rates, no 

screening program will meet necessary and essential requirements to achieve 

its goals (Marteau, 1994). Even though women‘s participation standards in 

screening programs have increased substantially in recent years -mainly due to 

their implementation by organizations and public institutions- they are still, on 

some occasions, lower than desired (George, 2000; Meystre-Agustoni, 

Dubois-Arber, Landstheer and Paccaud, 1998; Pelfrene, Bleyen and Backer, 

1998). For this reason, studies of psychosocial factors associated with the 

participation in mammography screening constitute a primary objective 

regarding the early detection of breast cancer. 

The Health Belief Model and the Theory of Reasoned Action have 

traditionally received more attention on behalf of psychologists when it comes 

to understanding the factors that influence mammography attendance. 

The Health Belief Model (HBM) (Rosenstock, 1966) contains three main 

elements. First of all, the perceived threat of the illness determined by the 

individual‘s perceptions of susceptibility to it, and by the perceived severity of 

the consequences of contracting it. Secondly, the individual‘s assessment of 

the benefits of adopting preventative behavior balanced against barriers that 

may emerge such as the economic cost, or psychological effects, or others of a 

different nature. The perceived threat would determine the degree of the 

individual‘s psychological motivation or preparation to perform any 

preventative action; the specific action undertaken would be subject to the 

consideration of the perceived benefits and barriers of each of the considered 

actions. Thirdly, the necessary motivation for the individual to perform the 

behavior would be constituted by the presence of a cue to action, either 

internal (i.e., symptoms) or external (i.e., seeing how a close relative dies 

because of the illness). In recent years, however, some of the HBM‘s authors 

(Rosenstock, Strecher and Becker, 1988; Rosenstock, 1990) have suggested 

expanding the model to include other variables such as general health 

motivation or value that the person gives to his/her health (Becker, 1974); the 

degree by which the individual‘s health is perceived as being under one‘s own 

control or beyond it -health locus of health control- Wallston, 1992) and the 
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expectation of self-efficacy or the individual‘s belief in one‘s own skill to 

perform the preventative behavior correctly (Bandura, 1977, 1997). 

The Theory of Reasoned Action (TRA) (Ajzen and Fishbein, 1980) 

proposes that the immediate antecedent of the behavior is the intention to 

perform it; this is, at the same time, a function of two factors: (i) the 

individual‘s attitudes towards the behavior -assessed as the product of the 

person‘s beliefs about the consequences of the behavior and his/her assessment 

of these consequences-; and (ii) the subjective norms – a person´s beliefs about 

whether significant other think he or she should engage in the behavior (social 

pressure) and one‘s motivation to respond to these perceived requirements. 

Recently, Ajzen (1998, 1991) has suggested the addition of another variable: 

the perceived behavioral control. According to the author, the perceived 

capacity of an individual to exercise voluntary control on the behavior in 

question will not just influence his/her intention to perform it, but also its true 

execution. The new version of the theory that includes the perceived 

behavioral control has been renamed as Theory of Planned Behavior (TPB). 

Both models acknowledge that other variables such as sociodemographics, 

personality characteristics or the degree of information (generically known as 

structural variables) can have an influence on the decision to adopt a health 

behavior, but always indirectly, through its influence on the basic 

sociocognitive dimensions proposed by the model. 

When these theoretical models have been applied to the study of the 

mammography behavior, the results obtained have generally shown the 

existence of significant relations between the examined variables in these 

models and preventative behavior, although the explained variance 

percentages are moderate and, in general, lower than expected according to the 

theoretical assumptions (for revision, see Durá, Andreu and Galdón, 2001; 

Galdón, Durá, Andreu, Tuells and Ibáñez, 2003). Moreover, several authors 

have pointed out some constraints in these theoretical frameworks, mainly for 

being considered static models which are interested exclusively in people‘s 

motivations to perform health behaviors, but without approaching the problem 

of how intentions become actions and/or how processes of changes in health 

behaviors are produced (Conner and Norman, 2001; Sheeran and Abraham, 

1996). 

Regarding this line of argument, a series of recent research studies on 

screening behavior are based on the assumption that the adoption of a health 

behavior, such as periodical screening, should not be conceptualized as a 

dichotomy of meeting a given criterion or not, but as a process. The theoretical 

framework of this new approach is made up of the stages-of-change models 
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that have successfully been applied to the study of the abandonment of 

addictive behaviors such as alcoholism or tobacco (DiClemente and Hughes, 

1990; Prochaska and DiClemente, 1983; Weinstein, 1988) and that have been 

gaining ground in the research on health behaviors, including breast cancer 

screening. 

Among the stage models, the Transtheoretical Model (TTM) (Prochaska 

and DiClemente, 1982) has been the one that has focused its attention on the 

study of screening behavior. This model conceptualizes behavior change as a 

process, postulating that individuals move through a series of stages that are 

progressively more implicated in the adoption of a health behavior or its 

abandonment. Thus, the model facilitates a classification outline of the 

individuals in the case that they have not even considered the behavior in 

question (precontemplation); that they are considering it but they have not 

taken any action (contemplation); that they are in a consolidated phase of the 

behavioral change (maintenance); or, even in the case that they have begun the 

action at any time but they have not maintained it (relapse). Apart from these 

stages, the model postulates other elements that are responsible for the 

progression, maintenance and/or abandonment of the health behavior: the 

processes-of-change (concealed and/or manifest activities that individuals 

perform when they try to modify a health behavior); and the decisional 

balance or pros and cons of the behavior in question (the perceived positive 

and negative aspects of such behavior). These concepts explain the movements 

from one stage to another and they are empirically associated to them 

(Prochaska and DiClemente, 1983). 

The TTM has been applied either using its own concepts exclusively: 

stages, decisional balance, and processes of change (Chamot, Charvet and 

Perneger, 2001; Clark et al., 1998; Rakowski et al., 1992, Rakowski, Fulton, 

and Feldman, 1993; Rakowski et al., 1996, 1997a, 1997b; Rimer et al., 1996; 

Stoddard et al., 1998) or in combination with the HBM -comparing the 

variables of the benefits and barriers of this model with the pros and cons of 

the transtheoretical model (Brenes and Skinner, 1999; Champion, 1994; 

Champion and Skinner, 2003; Champion and Springston, 1999; Skinner, 

Champion, Gonin and Hanna, 1997; Skinner, Kreuter, Kobrin and Strecher, 

1998a). In both cases, the results show significant differences in womens‘ 

perceptions of the mammography depending on their current stage of 

adoption. In addition, recent research on the transtheoretical model has shown 

that the interventions specifically designed according to the current stage of 

mammography adoption, significantly increase the adherence to screening 

controls (Champion et al., 2003; Clark et al., 2002; Crane et al., 2000; Lipkus, 
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Rimer, Halabi, and Strigo, 2000; Rakoswki et al., 1998; Skinner, Strecher and 

Hospers, 1994; Rimer et al., 2001;). 

Precisely with the main objective of directing the programs towards 

increasing women‘s screening attendance, this research analyzes the beliefs 

and attitudes towards breast cancer and mammography -using the 

sociocognitive variables postulated by the health belief models- associated 

with different stages of mammography adoption. 

 

 

2. METHOD 
 

2.1. Design 

 

A cross-sectional design was used. Five groups of women were 

established according to their stage of mammography adoption. 

 

 

2.2. Sample 

 

Two exclusion criteria were considered for the selection of the sample: 

aged 70 and over, or under the age of 47; and their personal history of breast 

cancer The sample has been formed by a group of a total of 151 women, with 

an mean age of 59 (SD= 7.39). The majority of women who participated in the 

study had an elementary education at the most (69%) and only 14.6% had a 

higher education. The sample was subdivided into five groups of women 

according to their individual stage of mammography adoption. 

2.3. Procedure 

 

The sample was obtained from different women‘s associations 

(neighborhoods, housewives‘ associations, dance halls, etc...), as well as from 

particular and individual contacts. All the women in the sample lived in the 

city of Valencia (Spain) or in surrounding urban areas. The participation of 

women was voluntary and their answers were anonymous. All of them were 

given the same questionnaire. In some cases they were conducted in groups 

where instructions on how to fill in the questionnaire were duly given, and in 

other cases (the majority) questionnaires were conducted individually by a 

psychologist. 
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2.4. Variables and Instruments 

 

Two types of variables have been assessed: the stage of mammography 

adoption and different sociocognitive variables in reference to beliefs and 

attitudes towards breast cancer and screening. The following instruments were 

used: 

Scale for the stages of mammography adoption. This gathers information 

on the screening controls that were undergone by each of the women. This 

scale consists of 6 items, each one with different answer alternatives. Four of 

them were used to define the stages of mammography adoption and contain 

information about matters such as: if the subject has had a mammogram before 

and, if so, how often, how long has it been since the last mammogram, and 

from the last one to the previous one, and finally whether she plans to undergo 

screening within a maximum period of two years or not. These items were 

elaborated from the definitions of stages of adoption published in different 

studies related to the Transtheoretical Model and preventative breast cancer 

behaviors (Champion, 1994; Clark et al., 1998; Rakowski et al., 1993; 

Rakowski et al., 1997a, 1997b; Skinner et al., 1997; Skinner, Arfken and 

Sykes, 1998b). Two other items asked about the reasons and the place where 

the mammogram was performed, in this case, with the objective of excluding 

those women who had mammograms for reasons other than those related to 

breast cancer screening. 

The stages of mammography adoption utilized in this research were 

determined from the following criteria: 

Precontemplation: has never had a mammogram and does not plan to have 

one in the next two years. 

Contemplation: has never had a mammogram, but intends to have one in 

the next two years. 

Action: has had a mammogram in the last two years, but has not had any 

in the two previous years (that is to say, 4 years ago) and is planning to have 

another one in the next two years. 

Action/Maintenance: had a mammogram two years ago, another one two 

years before and intends to have another one in the next two years. 

Relapse: has had a previous mammogram, but not in the last two years, 

and intends to have one in the next two years; or had one previously in the last 

two years and does not intend to have any in the next two years. 

Questionnaire regarding the degree of information about the techniques 

of early breast cancer detection. Composed of 9 items that quantify the degree 

of information about the techniques of breast cancer‘s secondary prevention. It 
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has been elaborated from the instruments on the degree of information about 

breast cancer, published by Stillman (1977) and McCance, Mooney, Smith and 

Field (1990). 

Scale about beliefs and attitudes towards breast cancer. The variables 

―perceived susceptibility‖ to breast cancer (5 items), ―perceived severity‖ of 

the illness (7 items) and ―general health motivation‖ (7 items) from the Health 

Belief Models are assessed by the questionnaire elaborated by Champion 

(1993). All the items were assessed with a 7-point Likert format (from 

―strongly disagree‖ to ―strongly agree‖). 

Scale of perceived consequences of the mammogram. From questionnaires 

by different authors (Champion, 1993; Montano and Taplin 1991; Rakowski et 

al., 1993, 1997; Skinner et al. 1997, 1998b; Stein, Fox, Murata and Morisky, 

1992; Vaile, Calnan, Rutter and Wall, 1993), corresponding measures were 

taken for the ―perceived benefits‖ –pros- and ―perceived barriers‖ –cons- 

variables of the mammogram. The benefits subscale is made up of a total of 14 

items and the barrier subscale is made up of 17. All of them are presented in a 

7-point Likert format (from ―strongly disagree‖ to ―strongly agree‖). 

Scale about perceived social pressure. From an adaptation of the 

questionnaires by Vaile et al. (1993) and from Montano and Taplin (1991), 

this variable proposed by the Theory of Reasoned Action is assessed. The 

scale is made up of 7 items with a 7-point Likert format (from ―strongly 

disagree‖ to ―strongly agree‖) that test the degree of pressure that the person 

perceives from significant others to have mammograms. 

Perceived control scale. Two items were elaborated for the assessment of 

the ―perceived control‖ variable, proposed by the Theory of Planned Behavior, 

also with a 7-point Likert format from ―not at all‖ to ―absolutely‖, which 

assess the degree of control that women perceive when they go to have 

mammograms. 

The internal consistency of the assessment scales of the sociocognitive 

variables is generally satisfactory: ―information‖ (α=.83), ―severity‖ (α=.73), 

―susceptibility‖ (α=.87), ―general health motivation‖ (α=.76), ―benefits‖ 

(α=.90), ―barriers‖ (α=.89), and ―social pressure‖ (α=.83). Only the ―Perceived 

control‖ scale showed a low coefficient (α=0.50); that is why in all analyses in 

which this variable was involved, analyses with the complete scale were 

carried out and with each of the two items that constitute it independently. 

Given that the results obtained do not differ according to how they were 

assessed, the analyses with the complete scale are shown exclusively. 
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2.5. Statistical Analyses 

 

After subdividing the whole sample into five groups according to the stage 

of mammography adoption, a multivariate analysis of covariance 

(MANCOVA) was run with its corresponding post hoc tests for the study of 

the assessed sociocognitive variables, in order to analyze the existence of 

significant differences in these variables between the subgroups. Furthermore, 

and in order to analyze the specific beliefs associated with the stage of 

mammography adoption, we ran analyses of covariance (ANCOVAs) and the 

corresponding post hoc tests for the items of those variables in which this 

analysis could add qualitatively notable information beyond the one offered by 

the total score of the scale: ―benefits‖, ―barriers‖ and ―information‖. 

In the Mancova we check the homogeneity of covariance matrices by 

means of the Box‘s M test, and given that it proved to be significant, we 

proceeded to the use of the contrast statistics, Traza de Pillai, since it is a more 

robust test recommended in case of small samples or if the homogeneity of 

covariances is unreliable (Hair, Anderson, Tatham and Black, 1999). In the 

contrasting tests between subgroups we used the Bonferroni test because it 

adjusts the observed significance level when you perform multiple 

comparisons. 

 

 

3. RESULTS 
 

3.1. Differences between Stages in Sociocognitive Variables 

 

Before analyzing the existence of differences in the sociocognitive 

variables among the different stages of the mammography adoption, it was 

decided to check if there were any differences between the stages at 

sociodemographic variables. In Table 1 mean age and percentages of 

education levels are shown for each stage. The analyses of the differences 

between stage groups showed statistically significant differences both for age 

(F= 5.31; p=.001) and education level (Chi squared=26.75; p=.008). For this 

reason, it was decided to control this effect on the possible differences 

between stages in sociocognitive variables, introducing them as covaried 

variables in future analyses. 

Using sociocognitive variables as dependent variables; sociodemographic 

ones as covaried, and the stage as an independent variable, the Mancova 
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showed the existence of significant effects of this last variable (Traza de Pillai: 

[27.101]=0.61; p=0.00). In Table 2, the mean and standard deviation in the 

sociocognitive variables of each stage group, along with the results of the F-

test and the significance level are shown. Table 3 shows the results for post 

hoc test which reached statistical significance (p<.05). 

Mancova‘s results (see Table 2) show that all the assessed sociocognitive 

variables, except susceptibility, establish statistically significant differences 

between the stages. Nevertheless, in the post hoc tests (see Table 3) the 

severity variable does not reach statistic significance in any of them, perhaps 

due to the small size of the sample in some subgroups. These post hoc tests 

indicate that a large majority of the differences are established between the 

precontemplation group (G1) vs. the action (G3) and action/maintenance (G4) 

groups. Given the means (Table 1), the precontemplation group vs. the other 

two groups significantly shows less information and less general health 

motivation; it perceives fewer benefits and more barriers; and shows less 

control over this technique; it also perceives significantly less social pressure 

particularly compared to the action group (G3). This precontemplation group 

(G1) also perceives (in a statistically significant way) fewer benefits of the 

mammogram screening in comparison with the contemplation (G2) and 

relapse (G5) groups. 

Statistically significant differences are also visible between the relapse 

group (G5) and the action (G3) and action/maintenance (G4) groups. 

Significantly compared to the other two, the first one shows fewer benefits and 

less information; it also shows more barriers in comparison with G4. Finally, 

the contemplation group (G2), perceives significantly fewer benefits than the 

action group (G3). 

 

 

3.2. Differences between Stages in the Perceived 

Benefits Items 

 

Covariance analyses were run (ANCOVAs) for each item of the benefits 

variable. Table 4 shows means and standard deviations of each stage, along 

with the results of the F-test and the significance level. In Table 5, contrasts 

between the groups that reached statistical significance (p<.05) are shown. 
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The results (see Table 4) indicate that only one item does not establish 

significant differences between groups. Most of the differences (see Table 5) 

are established between the precontemplation group (G1) and the rest. Thus, 

given the means (Table 4), the women in this group believe, to a significantly 

lesser extent than all the rest, that the mammogram would enable an early 

diagnosis if they had breast cancer (item 2); it would confirm that everything 

is going well (item1) and nothing is wrong (item 5); and it would provide them 

with control over their health (item 14). Moreover, this precontemplation 

group (G1) obtains scores which are significantly lower than the action (G3) 

and action/maintenance (G4) groups in the other six benefits related to the 

peace of mind that this screening technique provides (items 9, 10, 11) and with 

the belief in its effectiveness to control the illness by means of an earlier 

treatment (items 4, 12, 13). Moreover, the precontemplation group (G1), vs. 

the action group (G3), is less likely to believe: a mammogram would detect 

abnormalities and non-cancerous lumps (item 3); it would detect cancer that 

could not have been found by means of breast self-examination (item 6); it 

would reduce the probability of death from breast cancer (item 8). 

 

Table 1. Mean and percentages (%) in sociodemographic variables for 

each of the stage groups 

 

STAGE 
Mean 

age 

% Percentages education level 

None Primary Secondary Higher 

Precontemplation N 

=24 
62.9 33.3 41.7 8.3 16.7 

Contemplation N = 

20 
55.2 10.0 45.0 30.0 15.0 

Action N = 29 61.3 17.2 55.2 20.7 6.9 

Action-Maintenance 

N = 56 
57.0 1.8 53.6 25.0 19.6 

Relapse N = 22 59.9 0.0 68.2 22.7 9.1 
 



 

Table 2. MANCOVA for the sociocognitive variables. Test F and significance level. Means and standard 

deviations from the variables in each of the groups 

 

  
G1 

N = 24 

G2 

N = 20 

G3 

N = 29 

G4 

N = 56 

G5 

N = 22 

Variables F p X SD X SD X  SD X  SD X  SD 

Severity 4.31 0.00 33.46 9.46 33.60 8.61 35.41 7.96 29.71 8.32 30.91 11.50 

Susceptibility 0.90 0.50 13.67 8.34 13.45 7.87 12 6.58 13.14 7.30 12.46 7.74 

HealthMotivation 4.06 0.00 20.25 5.39 22.80 4.80 25.83 3.33 24.38 4.82 22.14 6.68 

Benefits  16.80 0.00 62.75 16.80 80.40 12.70 89.14 7.78 87.64 9.12 76.36 17.20 

Barriers 5.42 0.00 70.58 22.74 54.60 18.17 52.38 16.42 49.05 25.45 68.27 22.39 

Information  13.77 0.00 4.69 3.28 6.83 2.49 7.19 1.56 7.69 1.17 5.47 2.44 

Social pressure 2.44 0.03 31.25 7.35 35.75 8.63 38.72 7.67 37.34 9.99 35.50 8.49 

Perceived 

control 
5.96 0.00 8.71 4.38 9.90 2.77 11.79 2.61 12.09 2.85 9.50 4.00 

X = mean. SD= standard deviation. p= significance. Significant information is shaded. 

G1= Precontemplation; G2= Contemplation; G3= Action; G4= Action-Maintenance; G5= Relapse. 

 

 

 

 

 

 

 



 

 

Table 3. Post hoc tests between groups for sociocognitive variables that reached statistical significance 

(Bonferroni’s test) 

 

Variables G1-G2 G1-G3 G1-G4 G1-G5 G2-G3 G3-G5 G4-G5 

Severity        

Susceptibility        

Health Motivation  5.42*** 3.64*     

Benefits  14.50** 25.75*** 22.87*** 12.67** 11.26* 13.08* 10.19** 

Barriers  17.47* 17.66*    17.59* 

Information   2.33*** 2.23***   1.97** 1.88** 

Social pressure  7.17*      

Perceived control  2.91** 2.72**     

Significance Levels: *≤ 0.05; **≤ 0.01; ***≤ 0.001. 

G1= Precontemplation; G2= Contemplation; G3= Action; G4= Action-Maintenance; G5= Relapse. 

 



 

 

Table 4. ANCOVAs for each of the items of the benefits variable. Test F and significance level. Means and 

standard deviations of the items in each of the groups 

 

Benefits* 

Items  

 G1 N = 24 G2 N = 20 G3 N = 29 G4 N = 56 G5 N = 22 

F p X SD X SD X  SD X  SD X  SD 

Item 1 9.15 0.00 3.88 1.94 5.85 1.39 6.66 0.77 6.27 1.42 5.27 2.39 

Item 2 6.09 0.00 5.13 1.33 6.50 0.83 6.66 0.94 6.54 1.11 6.27 1.61 

Item 3 4.85 0.00 5.50 1.22 5.90 1.52 6.72 0.46 6.57 1.06 5.55 2.11 

Item 4 5.63 0.00 5.13 1.45 6.10 0.85 6.72 0.59 6.55 1.16 6.18 1.71 

Item 5 6.25 0.00 4.25 1.87 6.05 1.05 6.28 1.62 6.16 1.52 5.77 1.80 

Item 6 6.34 0.00 5.21 1.29 5.95 1.47 6.52 1.21 6.71 0.91 6.23 1.27 

Item 7 1.65 0.14 5.46 1.18 5.90 1.33 6.48 0.91 6.00 1.64 5.73 2.00 

Item 8 3.47 0.00 3.00 2.00 4.95 1.99 5.04 2.26 4.91 2.40 4.09 2.67 

Item 9 9.48 0.00 4.13 1.87 5.65 1.53 6.52 1.30 6.52 1.19 5.46 2.11 

Item 10 4.38 0.00 3.79 1.79 5.20 1.61 5.66 2.09 5.84 1.85 4.96 2.06 

Item 11 6.20 0.00 4.29 1.66 5.40 1.43 6.21 1.18 6.34 1.41 5.18 2.20 

Item 12 4.00 0.00 4.58 1.50 5.60 1.23 6.41 1.05 5.91 1.92 5.14 1.96 

Ítem.13 10.59 0.00 4.58 1.64 5.50 1.43 6.62 1.24 6.73 0.82 5.23 2.05 

Ítem14 14.07 0.00 3.83 1.93 5.85 1.27 6.65 0.61 6.59 1.06 5.32 2.12 

X = media. SD= standard deviation. p= significance. The significant information is shaded. G1= Precontemplation; G2= Contemplation; G3= Action; 

G4= Action-Maintenance; G5= Relapse. * In Appendix 1 the formulation of the items is shown. 

 

 

 

 

 



 

 

Table 5. Post hoc tests between groups for each of the items of the benefits variable that reached statistical 

significance (Bonferroni’s test) 

 
Benefits* G1-G2 G1-G3 G1-G4 G1-G5 G2-G3 G2-G4 G3-G5 G4-G5 

Item 1 1.79** 2.74*** 2.30*** 1.36*   1.38*  

Item 2 1.13* 1.48*** 1.24*** 1.06*     

Item 3  1.17**     1.22** 0.93* 

Item 4  1.56*** 1.30***      

Item 5 1.52* 1.97*** 1.77*** 1.47*     

Item 6  1.26*** 1.29***      

Item 7         

Item 8  1.94*       

Item 9  2.33*** 2.19***      

Item 10  1.85** 2.07***      

Item 11  1.88*** 1.93***      

Item 12  1.80*** 1.28*      

Item 13  1.99*** 1.98***  1.32** 1.30** 1.43** 1.42*** 

Ítem14 1.92*** 2.80*** 2.74*** 1.49**   1.31** 1.25** 

G1= Precontemplation; G2= Contemplation; G3= Action; G4= Action-Maintenance; G5= Relapse. * In Appendix 1 the formulation of the items is 

shown. 

 

 

 

 

 

 

 

 



 

 

Table 6. ANCOVAs for each of the items of the barriers variable. Test F and significance level. Means and 

standard deviations of the items in each of the groups 

 

Barriers* 
 G1 

N = 24 

G2 

N = 20 

G3 

N = 29 

G4 

N = 56 

G5 

N = 22 

 F p X SD X SD X  SD X  SD X  SD 

Item 1 2.05 0.06 3.42 2.28 2.00 1.59 1.76 1.85 2.21 2.21 2.64 2.48 

Item 2 1.84 0.10 4.25 2.40 2.15 1.39 3.48 2.13 3.73 2.56 3.86 2.62 

Item 3 1.03 0.41 3.38 1.64 2.40 1.43 2.62 1.88 2.61 2.21 3.36 2.34 

Item 4 3.91 0.00 4.79 2.55 3.65 2.23 3.76 2.36 2.82 2.18 3.59 2.72 

Item 5 3.33 0.00 3.92 2.55 2.45 1.79 2.86 2.18 2.46 2.12 3.73 2.68 

Item 6 4.22 0.00 4.96 2.37 2.90 2.22 2.59 2.31 2.88 2.54 3.23 2.67 

Item 7 7.96 0.00 5.96 1.85 5.65 2.08 3.48 2.28 3.00 2.30 4.68 2.64 

Item 8 3.70 0.00 5.21 2.19 4.10 2.25 3.66 2.42 2.95 2.19 4.64 2.34 

Item 9 1.12 0.35 4.38 2.00 3.80 1.80 3.69 2.52 3.93 2.53 4.82 2.34 

Item 10 3.58 0.00 5.00 2.30 4.40 2.04 4.28 2.36 3.43 2.37 5.32 2.10 

Item 11 2.26 0.04 5.29 2.39 4.70 2.34 4.90 2.51 3.77 2.55 5.18 2.34 

Item 12 2.55 0.02 2.75 1.75 2.65 1.93 2.79 2.32 2.36 1.95 4.36 2.54 

Item 13 3.66 0.00 3.92 1.91 3.00 1.89 3.10 2.60 2.23 2.12 3.50 2.77 

Item 14 3.57 0.00 5.50 1.98 3.40 2.30 3.00 2.61 3.32 2.74 4.23 2.43 

Item 15 1.92 0.08 2.63 1.56 2.20 1.40 1.83 1.47 2.50 2.22 3.27 2.57 

Ítem 16 1.57 0.16 2.75 1.92 2.40 1.43 2.41 2.03 2.43 2.31 3.86 2.21 

Ítem 17 1.80 0.10 2.50 1.75 2.75 1.83 2.17 2.14 2.43 2.30 4.00 2.55 

X = mean. SD= standard deviation. p= significance. The significant information is shaded. 

G1= Precontemplation; G2= Contemplation; G3= Action; G4= Action-Maintenance; G5= Relapse 

* In Appendix 1 the formulation of the items is shown. 
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Table 7. Post hoc tests between groups for each of the items of the barriers 

variable that reached statistical significance (Bonferroni’s test) 

 

Barriers* G1-G3 G1-G4 G2-G3 G2-G4 G3-G5 G4-G5 

Item 1       

Item 2       

Item 3       

Item 4       

Item 5       

Item 6 2.25**      

Item 7 2.43*** 2.68*** 2.35** 2.61***   

Item 8  2.07*     

Item 9       

Item 10      1.75* 

Item 11       

Item 12      1.96** 

Item 13       

Item 14 2.48** 2.00*     

Item 15       

Item 16       

Ítem 17     1.83* 1.59* 

Significance levels: *≤ 0.05; **≤ 0.01; ***≤ 0.001.  

G1= Precontemplation; G2= Contemplation; G3= Action; G4= Action-Maintenance; G5= 

Relapse.  

* In Appendix 1 the formulation of the items is shown. 

 

The contemplation group (G2) considers, to a significantly lesser extent 

compared to action (G3) and action-maintenance/groups (G4), that the 

mammogram would make it possible to detect cancer in its early stages and 

thereby increase the possibilities for a cure (item 13). Finally, the relapse 

group (G5) vs. the action (G3) and action/ maintenance (G4) groups, is 

significantly less inclined to believe that: the mammogram would make it 

possible to detect abnormalities and existing lumps (item 3); it would make it 

possible to detect cancer in its early stage and thus increase possibilities of a 

cure (item 13); it would also provide health control (item 14). They are less 

likely to believe that the mammogram would confirm that everything is going 

well (item 1) in comparison with the action group (G3). 

 

 



M. José Galdón, Estrella Durá, Yolanda Andreu et al. 

 

 

38 

3.3. Differences between Stages in the Perceived 

Barriers Items 

 

The results of covariance analyses for each item of the perceived barriers 

variable are shown in Table 6. In Table 7 the contrasts that reached statistical 

significance (p<.05) are shown. Even though a total of ten out of the seventeen 

items of the scale show statistically significant differences, only 7 reach 

statistical significance in post hoc tests, perhaps due to the small size of some 

of the subgroups (see Table 7). 

The results show that differences are mainly established between action 

(G3) and action/ maintenance (G4) groups in contrast with the rest. Therefore, 

both groups perceive to a significantly lesser extent than the precontemplation 

(G1) and contemplation (G2) groups that a mammogram would imply 

undergoing a test that it is not familiar to them (item 7) and, compared to the 

relapse group (G5), were not as likely to believe that it would be difficult to 

have a mammogram if the screening center was more than a few minutes away 

from home by car (item 17). 

Furthermore, women from the action/ maintenance group (G4) vs. the 

precontemplation group (G1) believe it is less likely that the mammography 

would imply thinking about the possibility of having breast cancer (item 8) 

and they would rather not know if they have or do not have breast cancer (item 

14). In contrast with the relapse group (G5) they are less inclined to think that 

the mammography would make them feel anxious (item 10) or that it would be 

difficult for them to have a mammography because they are always very busy 

(item 12). 

The action group (G3) is less likely to believe that the mammogram is not 

convenient in their case (item 6) or they would rather not know if they have or 

do not have breast cancer (item 14), which is significantly different from the 

precontemplation group (G1). 

 

 

3.4. Differences between Stages and Items 

of the Information Scale 

 

In the covariance analyses (Table 8), all items in the information scale 

showed statistically significant differences according to the mammography 

stage, although some of them did not reach statistical significance in contrast 

to post hoc tests between groups (Table 9). 
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The results show that the precontemplation (G1) and relapse (G5) groups 

are the ones which have less information about the techniques of early breast 

cancer detection. Both groups, in contrast with the action (G3) and 

action/maintenance (G4) groups are not as informed about the need to have 

mammograms in the absence of symptoms (item 4); the need to continue 

screening from a certain age even though nothing abnormal is found (item 6); 

and the need to have mammograms at their age (item 9). In addition, the 

precontemplation group (G1) vs. the action (G3) and action/maintenance (G4) 

groups are less likely to be aware that the mammogram is a useful method for 

women of their age (item 1) and that from a certain age it is necessary for 

women to have periodic mammograms (item 3). 

It is worth noting that the contemplation group (G2), compared to the 

action (G3) and action/maintenance (G4) groups, is significantly less aware 

that at their age it is necessary to have mammograms (item 9) and, although 

only in contrast with the action group (G3), that from a certain age it is 

necessary that women have periodical mammograms (item 3). 

 

 

CONCLUSIONS 
 

In this study we have considered five groups of women defined according 

to the stage of mammography adoption (precontemplation, contemplation, 

action, action/maintenance, and relapse), contrasting them in a series of 

variables postulated as predictors of health behaviors on behalf of 

sociocognitive models: general health motivation, perceived susceptibility to 

breast cancer, perceived severity of this illness, perceived benefits and barriers 

of the mammogram, perceived social pressure to undergo this technique, 

perceived control over it, and the degree of information about breast cancer 

screening. The results have proved how all these variables, except 

―susceptibility‖ and ―severity‖, establish statistically significant differences 

between some of the considered stages—the ―benefits‖ variable is the one that 

distinguishes between a greater number of stages. 

Regarding perceived susceptibility, it is worth noting that even though no 

statistically significant differences have been found depending on the stage of 

mammography adoption, the results show that the women in the 

precontemplation stage (they have never had a mammography or have no 

intention to have it done) have a greater perceived susceptibility to breast 

cancer. A result which goes against what was theoretically postulated by the 
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Health Belief Model and which has a bearing on the weakness of the empirical 

results shown in the bibliography regarding the perceived susceptibility to 

breast cancer as a predictor of the adoption of preventative behaviors in this 

illness (Andreu, Galdón and Durá, 2001; Champion, 1994; Lerman, Rimer, 

Trock, Balshem and Engstrom, 1990; Skinner et al., 1998a; Vaile et al., 1993). 

Even though the variable of perceived severity of breast cancer reaches 

statistical significance in the multivaried analysis, in the contrasts between 

stage groups it does not. This result may be due to the small size of the sample 

of some subgroups, but it is also true that it is a variable with scarce presence 

in studies analyzing the mammography behavior and the results are not very 

consistent either (Andreu et al., 2001; Champion, 1994; Glanz, Rimer, Lerman 

and McGovern, 1992; Montano and Taplin, 1991; Stein et al., 1992; Vernon, 

Laville and Jackson, 1990); in fact, in research carried out in Spain, it is the 

only variable associated with attendance at a mammographic screening 

program in a contrary way to the proposal by the Health Belief Model, which 

means inhibiting participation (Galdón, Durá, Andreu and Tuells, 2000). 

The results in the case of the rest of the variables not only reach statistical 

significance but they also do it in the theoretically expected direction, all of 

which are positively associated with the stages that are mostly involved with 

mammography behavior. Thus, women who do not even have the intention to 

have a mammography (precontemplation stage) show significantly less general 

health motivation, less information about early detection techniques of breast 

cancer; they perceive more barriers and fewer benefits from the screening and 

perceive less control over this preventative behavior than women who meet or 

intend to meet the recommended screening guidelines again (action and 

action/maintenance stages). In the social pressure variable, even though it only 

distinguishes between the precontemplation and action stage, the results are 

also along the lines of what is theoretically expected; the first ones perceiving 

less social pressure to undergo screening. Finally, it is worth pointing out that 

some of these variables also distinguish between women who meet or intend to 

meet the recommended repeated screening guidelines and those who have 

abandoned mammograms (relapse group), the latter showing less information 

about the early detection techniques for breast cancer and perceiving more 

barriers and fewer benefits of screening. 

 



 

Table 8. ANCOVAs for each of the items of the information variable. Test F and significance level. Means and 

standard deviations of the items in each of the group 

 

Información*  G1  

N = 24 

G2  

N = 20 

G3  

N = 29 

G4 

N = 56 

G5  

N = 22 

 F p X SD X SD X  SD X  SD X  SD 

Item 1 7.22 0.00 0.63 0.50 0.90 0.31 0.97 0.19 1.00 0.00 0.86 0.35 

Item 2 2.47 0.03 0.63 0.50 0.70 0.47 0.79 0.41 0.86 0.35 0.73 0.46 

Item 3 9.98 0.00 0.54 0.51 0.80 0.41 1.00 0.00 1.00 0.00 0.82 0.40 

Item 4 8.24 0.00 0.42 0.50 0.75 0.44 0.90 0.31 0.93 0.26 0.55 0.51 

Item 5 7.07 0.00 0.53 0.43 0.68 0.35 0.64 0.33 0.76 0.33 0.51 0.31 

Item 6 7.31 0.00 0.58 0.50 0.85 0.37 0.97 0.19 1.00 0.00 0.73 0.46 

Item 7 3.98 0.00 0.50 0.51 0.65 0.49 0.45 0.51 0.59 0.50 0.27 0.46 

Item 8 5.18 0.00 0.46 0.51 0.75 0.44 0.52 0.51 0.57 0.50 0.32 0.48 

Item 9 11.34 0.00 0.42 0.50 0.75 0.44 0.97 0.19 0.98 0.13 0.68 0.39 

X = mean. SD= standard deviation. p= significance. The significant information is shaded. 

G1= Precontemplation; G2= Contemplation; G3= Action; G4= Action-Maintenance; G5= Relapse. 

* In Appendix 1 the formulation of the items is shown. 

 

 

 

 

 

 



 

 

Table 9. Post hoc tests between groups for each of the items of the information variable that reached statistical 

significance (Bonferroni’s test) 

 

Information* G1-G3 G1-G4 G1-G5 G2-G3 G2-G4 G3-G5 G4-G5 

Item 1 0.33*** 0.32***      

Item 2        

Item 3 0.44*** 0.40*** 0.24* 0.26*    

Item 4 0.47*** 0.44***    0.38** 0.35** 

Item 5        

Item 6 0.37*** 0.37***    0.25* 0.25* 

Item 7        

Item 8        

Item 9 0.53*** 0.50***  0.28* 0.25* 0.30* 0.27* 

Significance levels: *≤ 0.05; **≤ 0.01; ***≤ 0.001 

 G1= Precontemplation; G2= Contemplation; G3= Action; G4= Action-Maintenance; G5= Relapse 

* In Appendix 1 the formulation of the items is shown. 
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These results are also along the lines of others found in different empirical 

studies that, as we have already mentioned, have used the constructs from the 

transtheoretical model or have used the variables of the Health Belief Model to 

distinguish between mammography stages (Brenes and Skinner, 1999; Chamot 

et al., 2001; Champion, 1994; Champion and Skinner, 2003; Champion and 

Springston, 1999; Clark, et al., 1998; Rakowski et al., 1992, 1993; 1996; 

1997a, 1997b; Rimer et al., 1996; Skinner et al., 1997, 1998a; Stoddard et al., 

1998). Also other research in which a specific model is not adopted but the 

relation of certain sociocognitive variables with the stages of the 

mammography adoption are analyzed, indicate similar results; such is the case 

of the variable of general health motivation (Campbell et al., 2000) or the 

received social pressure to undergo screening (Mah and Bryant, 1997; 

Pearlman et al., 1997; Pearlman, Rakowski and Ehrich, 1995; Stoddard et al., 

1998). 

The analysis of the specific items in the information scale has made it 

possible to know more specifically the type of information associated with 

meeting recommended screening guidelines. Thus, women who do not have 

mammograms or do not have the intention to have them (precontemplation) 

differ from those who do have them (action and action/maintenance groups): 

they are unaware of (i) the age interval in which it is necessary to be screened; 

(ii) the need to have them from a certain age and periodically; and (iii) that 

even though there are no symptoms or the mammogram does not detect 

anything abnormal, screenings are still necessary. Women who stop attending 

screening (relapse) differ from those who have the intention to continue 

attending or continue attending (action and action/maintenance) in the 

ignorance of the suitable age to have mammograms and must continue to be 

screened even though there are no abnormalities in the breast or the 

mammogram does not show anything abnormal. 

Even though the information variable is not the principal predictor of 

mammography behavior, neither from the belief models (Health Belief Model 

and Theory of Planned Behavior) nor from the stages model (Transtheoretical 

Model), the empirical evidence shows that the information about breast cancer 

and mammography screening is positively associated with the use of this 

technique (Fajardo, Saint-Germain, Meakem, Rose and Hillman, 1992; 

O´Connor and Perrault, 1995). More specifically, research shows that 

knowledge of what a mammogram is and its purpose is necessary for women 

to meet the recommended guidelines although it does not guarantee its practice 

(Glanz et al., 1992). Likewise, other research shows that it is particularly 

important to know the need for periodical screening even when there are no 
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symptoms (Donato et al. 1991; Durá, Andreu, Galdón and Tuells, 2004; Kee, 

Telford, Donaghy and O´Doherty, 1992; Munn, 1993). Our study, as we have 

pointed out, confirms these results. 

Finally, we will focus more specifically on the results found for the items 

of perceived benefits and barriers scales of the mammography screening since, 

from the perspective of stages of change models and more specifically from 

the Transtheoretical Model, great importance is given to these types of beliefs. 

We know that it is the cognitive analysis of costs-benefits, which is associated 

with behavioral change. In other words, the decisional balance is the one 

which distinguishes between the different stages of mammography adoption as 

empirical studies prove (Champion, 1994; Champion et al., 2003; Champion 

and Springston, 1999; Clark et al., 1998; Clark et al. 2002; Lauver et al., 2003; 

Rakowski et a., 1993; Rakowski et al., 1996; Rakowski et al., 1997a, 1997b; 

Rakowski et al., 1998; Rimer et al., 1996; Skinner et al., 1997; Skinner et al. 

1998b; Spencer et al., 2005; Stoddard et al., 1998). 

There are two benefit items that best distinguish between the different 

stages of mammography adoption: one referred to the clinical effectiveness of 

the mammogram and another referred to the emotional benefit associated with 

the perception of better health control making this technique possible. The 

belief that screening increases the possibilities of breast cancer treatment by 

detecting the illness early differentiates women who continue attending 

screening (action and action/maintenance) from those who have never had a 

mammography (precontemplation and contemplation) or have stopped 

(relapse). Not believing that periodical screening provides health control is 

what specifically characterizes women who have never had a mammogram 

and do not even have the intention to have one in the future, contrary to the 

rest. The perception of both clinical and emotional benefits is a variable 

systematically associated with attending screening and with the adoption of 

stages more implicated in this preventative behavior (Bauman, Brown, 

Fontana and Cameron, 1993; Champion and Miller, 1996; Champion, 1994; 

Champion et al., 2003; Champion and Skinner, 2003; Lostao, Chorot, Sandín 

and Lacabe 1996; Skinner et al., 1997; Vernon et al., 1990). Our results point 

out that these benefits have the capacity to distinguish even between the two 

least engaged stages of mammography behavior (precontemplation and 

contemplation), associating a better perception of clinical and emotional 

benefits with the intention to undergo mammography screening in the future. 

Another significant result in relation to the perceived benefits of the 

mammogram is item 6 of the scale (the mammogram ―would enable the 

detection of a cancer that I could not have found with breast self-
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examination‖) which distinguishes the precontemplation group from the action 

and action/maintenance groups. Thus, women who have never had a 

mammogram or do not intend to have one believe that breast self-examination 

has the same clinical effectiveness as the mammogram; perhaps this false 

belief may be dissuading them from having it done. 

Regarding the beliefs mentioned in perceived barriers to mammography 

screening, it is worth noting that the item that specifically distinguishes 

between the least engaged stages to mammography adoption 

(precontemplation and contemplation) in contrast with the most engaged 

(action and action/maintenance) is the one mentioned in the perception of 

familiarity with the mammogram. Therefore, and along the lines of the results 

found in the study by Champion and Springston (1999), the lack of familiarity 

with the test differentiates women who have never undergone a screening. 

This result is notable since it shows the need to make it known to all women 

who should undergo mammograms and they still have not, certain aspects 

related to the mammography procedure itself (the place where it is performed, 

what the mammography technique consists of, the necessary time, etc.) with 

the aim that they become familiar with the procedure and not letting their 

ignorance dissuade them from undergoing screening. 

Moreover, women in the least engaged stage of mammography behavior 

(precontemplation) perceive to a significantly higher degree than those that 

meet the guidelines (action/maintenance) or have the intention to keep meeting 

the guidelines (action), several emotionally-related barriers, mainly, worry and 

fear that they associate with mammograms and breast cancer; for example, 

they would rather not know if they have or do not have breast cancer. 

Precisely these emotional barriers play a very important role, according to our 

results, in the case of women who do not meet the recommended screening 

guidelines anymore or have decided not to undergo a repeated mammography 

screening (relapse): women who suffer a relapse represent more fear and 

anxiety facing a mammography as a test in itself. Champion and Skinner 

(2003) show some similar results in which emotional barriers distinguished 

between the women from contemplation groups and the ones from action and 

relapse groups. Similarly, Skinner et al. (1998b) reported that women in 

contemplation showed higher scores in the barriers associated with fear of 

mammograms. 

To conclude, it is worth noting that women who are in the relapse stage 

are the ones who differ from women who keep attending screenings (action 

and/or action/maintenance) in beliefs related to practical obstacles (such as 

lack of time to attend mammography screenings or the distance of the 



M. José Galdón, Estrella Durá, Yolanda Andreu et al. 

 

46 

screening center). These results also coincide with the ones found in other 

studies in which these types of barriers distinguished between the women from 

the most engaged stage and the rest (Skinner et al. 1997). Regarding these 

practical obstacles it should be pointed out that, even though some studies 

show that the perception of a mammography as something painful is one of the 

barriers that women in the precontemplation and contemplation stages put 

forward most strongly (Skinner et al. 1997, 1998b), our results coincide 

contrarily with the ones found in another Spanish sample (Durá et al. 2004) 

showing that the belief that a mammography can be painful is not a significant 

predictor of mammography behavior. 

To finish this chapter we want to emphasize that the knowledge of all 

these results prove notable when it comes to associating beliefs to the 

processes-of-change and to the adoption of cancer screening behavior: the 

change in individuals‘ beliefs makes changes in terms of behavior. Therefore, 

the results of our study have great applicability when it comes to designing 

public health campaign devoted to breast cancer prevention. It proves very 

important to be able to get an idea of what types of beliefs towards 

mammography and breast cancer have a higher or lower specific importance, 

since it means that we are able to elaborate messages and interventions 

adapted to the need of every subgroup. For instance, they can be used to 

individually design appointment reminders that are sent to women by mail 

according to the stage they are in, taking into account the reasons given by 

women who have never had a mammogram and do not think about having it 

done it, or the motives of those who have had them but stop attending the 

breast cancer prevention program. 

Therefore, our results clearly show that, for women who have never had 

mammograms or do not even think about having it done (precontemplation 

stage), it is essential to inform them of the importance of health value and to 

inform them about the mammography as a technique of early breast cancer 

detection (mainly the need of its regular practice from a certain age and in 

absence of symptoms). They should also be made aware of the advantages of 

this technique, not only in terms of the clinical effectiveness in the diagnosis 

and cancer treatment, but also at the emotional level (for the peace of mind 

brought about by a negative result in the test), and counteract the possible 

perceived disadvantages of this technique informing them about the 

mammography procedure (what it consists of, how is performed, how long it 

takes, etc.), with the aim of increasing the familiarity with the technique and 

perceived control over it. Our results also show that it is necessary to involve 

social agents who can exert pressure so that women will undergo screening, 
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for example, through the health system (general physician) or through the 

media (television, press, radio, etc.). It is worth noting that, of all these 

variables, it seems that the perception of associated benefits of the 

mammography is the most outstanding, since our results show that this 

variable will lead women who have never had a mammography to actually 

having the intention to have one in the future (contemplation). 

When women have already undergone mammography screening, and with 

the aim of not abandoning such a practice, it is necessary, according to our 

results, to keep transmitting information about the advantage of undergoing 

screening from a certain age even in the absence of symptoms, highlighting 

the benefits of the mammography to control breast cancer, and counteract the 

possible perceived disadvantages of mammography screening, mainly the ones 

related to practical obstacles (distance from the screening centre, waste of 

time, etc.) 

All this will have a direct consequence on participation levels, which is 

after all the last and necessary objective of all the campaigns stressing early 

detection of breast cancer. Knowing the beliefs that are significantly related to 

the stages-of-adoption and taking them into account, we can promote a 

behavioral change in which women move along the stages in the continuum 

from the least engaged stages of mammography adoption (precontemplation 

and contemplation) to the most engaged (action and action/maintenance), and 

avoid abandoning mammography screening (relapse stage). Some studies have 

already applied interventions on the matter with promising results (Champion 

et al., 2003; Clark et al., 2002; Rakowski et al., 1998). 

We do not want to close this chapter without acknowledging some 

limitations of the study mainly related to our sample size. Given that the total 

sample had to be subdivided into five subgroups according to the stage of the 

mammography adoption, the size of some subgroups is relatively small; which 

could have been the reason why some comparisons did not reach a level of 

statistical significance. However it is necessary to emphasize that the different 

size of the groups is representative of the population. Therefore, and as we 

have already mentioned, the sample was obtained mainly from associations in 

which the organization itself encouraged attending mammography screenings, 

thereby achieving the goal that most of them are in the action and 

action/maintenance stages of mammography behavior. In any case, the results 

obtained from this study encourage empirically researching the validity of the 

application of the Transtheoretical Model to cancer screening behavior; a 

matter of great social and scientific importance (Spencer, Pagell and Adams, 

2005). 
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APPENDIX 1 
 

Benefits Items 

MAMMOGRAPHY:  

Barriers Items 

MAMMOGRAPHY: 
Information Items 

Item 1: It would confirm 

that everything is going 

well  

Item 1: It would be a 

waste of time 

Item 1: A 

mammography is a 

useful method for 

women of my age. 

Item 2: It would enable an 

early breast cancer 

diagnosis if I had it 

Item 2: It would be 

uncomfortable or 

unpleasant 

Item 2: A woman may 

have breast cancer even 

if she presents no 

symptoms or does not 

feel ill. 

Item 3: It would enable the 

detection of abnormalities 

and non-cancerous lumps 

if I had them 

Item 3: It would possibly 

be detrimental due to X-

rays 

Item 3: From a certain 

age it is necessary for 

women to have 

periodical 

mammographies done. 

Item 4: It would enable an 

early treatment if I had 

something wrong  

Item 4: It would make me 

worry needlessly 

Item 4: A woman only 

needs to have a 

mammography when 

she finds something 

abnormal. 

Item 5: It would confirm 

that nothing is wrong 

Item 5: It would be 

embarrassing or shameful 

for me 

Item 5: Some abnormal 

changes in the breast 

include: secretion, a 

lump, a dimple or all. 

Item 6: It would enable the 

detection of a cancer that I 

could not have found with 

breast self examination 

Item 6 : It would not seem 

convenient to me in my 

case 

Item 6: From a certain 

age it is necessary for 

women to have 

mammographies even if 

nothing abnormal is 

detected. 

Item 7: It would enable the 

detection of a cancer that 

could not be detected by 

means of physical 

examination 

Item 7: It would imply 

taking a test that I am not 

familiar with 

Item 7: If I have had a 

smear test this year I do 

not need to have a 

mammography. 

Item 8: My possibility of 

dieing of breast cancer 

would decrease 

Item 8: It would imply 

thinking about the 

possibility that I may have 

cancer 

Item 8: If a woman has 

already had a couple of 

mammographies, she 

does not need anymore.  

Item 9: It would help me 

stop worrying about my 

health every year or so 

Item 9: It could be painful 

Item 9: At my age it is 

necessary to have 

mammographies. 

Item 10: It would help me 

take my mind of it 

Item 10: It would make 

me feel anxious 
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APPENDIX 1 (CONTINUED) 
 

Benefits Items 

MAMMOGRAPHY:  

Barriers Items 

MAMMOGRAPHY: 
Information Items 

Item 11: As a routine, I 

would stop worrying about 

the state of my health  

Item 11: I would be afraid 

if something abnormal were 

found 

 

Item 12: It would make the 

treatment not look so bad 

for having detected the 

breast cancer early 

Item 12: It would be 

difficult because I am 

always very busy 

 

Item 13: It would enable the 

detection of breast cancer at 

an early stage, thus 

increasing the number of 

possibilities for cure  

Item 13: It is useless 

because if something 

abnormal is found there 

will be no remedy 

 

Item 14: It would often 

provide me with control 

over my health 

Item 14: I prefer not to 

know if I have breast 

cancer or not 

 

 
Item 15: It would take up 

too much of my time 

 

 

Item 16: It would be 

difficult, because I do not 

remember how to make an 

appointment 

 

 

Item 17: It would be hard, 

if the place to have it were 

more than a few minutes 

away from home 
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61-item questionnaire was developed based on Health Belief Model 

constructs and completed by 185 women age 35 and older. Results 

showed significant differences in several areas including perceived 

susceptibility and severity. Overall knowledge was poor. In logistic 

regression perceived barriers and yearly clinical breast examination 

appeared to be significant predictors for regular screening behavior 

(OR=0.02, CI=0.03-0.09 and OR=0.23, CI=0.05-0.99, respectively). 

Behavioral interventions targeting barriers for rural women need to be 

designed to include consideration of specific barriers and clear 

information on the need for regular screening. 

 

 

Keywords: Breast cancer, perceptions, knowledge and rural women. 
 

 

INTRODUCTION 
 

An abundance of evidence suggests that there are clear disparities in 

utilization of preventive services by rural populations. A study based on 

Behavioral Risk Factor Surveillance showed that women residing in 

nonmetropolitan areas were less likely to receive mammograms or Pap smears 

in accordance with recommended guidelines than their urban counterparts 

(Casey, Call, and Klinger, 2001). Similar findings are also shown in studies 

based on Medicare Current Beneficiaries Survey (Stearns et al., 2000) and the 

National Health Interview Survey (Zhang, Tao, and Irwin, 2000). 

Underutilization of preventive health care services may result in a failure of 

identifying health problems in time and missing opportunities to reduce 

mortality or morbidity. A review of cancer incidence in rural versus urban 

populations found that cancer tends to be diagnosed at more advanced stages 

among rural populations (Monroe, Ricketts, and Savitz, 1992; Liff, Chow, and 

Greenburg, 1991), suggesting that rural residents are less likely to receive 

timely cancer screening tests. In addition, rural residence has been found to be 

a strong predictor of mammography underuse (Casey, Call, K and Klinger, 

2001; Rettig, Nelson, and Faulk, 1994). Although preventive health care 

utilization has increased in recent years and relationship between rural and 

urban residence has been quantified in previous literature, there is relatively 

little information available focusing on psychological, social and behavioral 

factors of rural women in relation to screening mammogram. 

The American Cancer Society (ACS) estimates that 182,460 new cases, 

and 40,480 deaths from breast cancer, will occur among women in the United 
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States in 2008 (ACS, 2008). Overall, the rate of screening for breast cancer in 

the US is gradually increasing and breast cancer mortality has declined 

slightly. In spite of increasing screening and decreasing mortality, the 

mortality rates from breast cancer remain unacceptably high. Despite 

technological advancement in screening for breast cancer, mammography 

remains as the single most cost-effective method of screening for breast 

cancer. If used optimally, mammography could prevent 15-30% of all deaths 

from breast cancer through early detection (CDC, 2000). Results from several 

large randomized clinical trials suggest that mammography is associated with 

reductions of breast cancer mortality up to 39% among the 50-69 age group 

women (Day, 1991). Improving understanding of psychological, socio-

economic and environmental factors that may influence screening behavior is 

a critical element of developing programs to reduce breast cancer morbidity 

and mortality. 

Given the limited information on factors associated with participation in 

breast cancer screening by rural women, this project was conducted this study 

to measure knowledge, perceptions and behavioral practices related to breast 

cancer prevention among women living in a rural community in Ohio. 

 

 

METHODS 
 

Participants 

 

The study participants were recruited from Wood County, Ohio. 

According to Ohio Department of Development, Office of Strategic Research 

data (2006), the total Wood county population is 121,065, out of which 62,461 

are women. The 40 years and older age group comprised of 25,740 women 

who are eligible for yearly clinical breast exam and/or mammography based 

on the age and family history of breast cancer. Wood County is rural and its 

inhabitants include 4033 (3.8%) Hispanic, 1,864 (1.6%) African American and 

1,514 (1.3%) Asian and Pacific Islanders among the 121,065 population. 

According to the Lucas and Wood County Chapter of the American Cancer 

Society, cancer was the second leading cause of death in 2004. 
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Study Design 

 

A survey of women age 35 and older was conducted in Wood County, 

OH, focusing on breast cancer perceptions, knowledge, and behaviors. The 

survey was conducted between March 2004 and January 2005. A sample of 

500 women age 35 and older was identified from the approximate 17,000 

county population of women of the same age range. 35 years and older living 

in the Wood County, Ohio were randomly generated by a third party vendor. 

A personalized cover letter, along with the questionnaire, a self-addressed and 

stamped envelope and an incentive in the form of a crisp, new one dollar bill 

were mailed. A reminder letter was sent after two weeks to those who did not 

respond. A second reminder post-card was sent to the non-responders after 

four weeks. Anonymity and confidentiality was maintained by assigning codes 

for each questionnaire and envelop. A total of 160 completed surveys were 

returned in the first wave, and 90 were returned as undelivered. Thirty surveys 

were returned in the second wave and 45 mails were returned as undelivered. 

Five surveys were eliminated from the analysis because of large numbers of 

missing responses leaving a final study sample of 185, which translates, into a 

returned rate of approximately 53%. Prior to initiating data collection, 

approval was attained from the Institutional Review Board (IRB). 

 

 

The Questionnaire 

 

Data were collected using a 51-item questionnaire that was developed 

based on the constructs of Health Belief Model. Four items each were included 

on perceived susceptibility, severity of breast cancer and benefits of having 

mammogram. Seventeen items on barriers to obtaining mammograms were 

also included. The barrier items were developed based on the reported barriers 

to screening mammogram in a comprehensive literature search. To measure 

knowledge about breast cancer and screening mammography seventeen items 

on known risk factors of breast cancer, symptoms of breast cancer, and 

misconception about breast cancer were included. Demographics and previous 

behavioral practices such as previous mammogram, clinical breast 

examination and regular health visits were also included. To ensure content 

and construct validity, questionnaire was designed based on several published 

literature on the perception and knowledge related to breast cancer and 

mammogram (Friedman, Moore, Webb, and Puryear, 1999; Michielutte, 
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Dignan, and Smith, 1999; McDonald, Throne, Pearson, and Adams-Campbell, 

1998; Crane, Kaplan, Bastani, and Scrimshaw, 1996). 

 

 

Theoretical Underpinnings 

 

According to the Health Belief Model Perceived Susceptibility has been 

defined as individual's subjective perception of his/her risk of contracting a 

health condition. For cases of medically established illness, such as breast 

cancer, perceived susceptibility includes acceptance of the diagnosis, personal 

estimates of susceptibly and susceptibility to illness in general (Strecher and 

Rosenstock, 1997). 

Perceived Severity is an Individual's feelings concerning the seriousness 

of contracting an illness or leaving it untreated. Perceived severity also 

includes the evaluation of medical and clinical consequences (death, disability, 

pain) and possible social consequences (work, family life and social relations) 

associated with a disease. Individual perceptions of personal susceptibility to 

specific illnesses or accidents often vary from any realistic appraisal of their 

statistical probability (Strecher and Rosenstock, 1997). Perceived Benefits is 

defined as the decision about a course of action taken depends on beliefs 

regarding the effectiveness of the various available actions in reducing the 

disease threat, for example having a mammogram 

Perceived benefits also include non-health-related benefits. The 

anticipated value of taking the recommended course of action is a final 

consideration (Strecher and Rosenstock, 1997). Perceived Barriers are the 

potential negative aspects of a particular health action may act as impediments 

to undertaking the recommended behavior. Perceived barriers include the costs 

of taking a particular action, time, difficulty, expensive or painful. 

 

 

Data Management and Statistical Analysis 

 

Original data was entered into MS Excel and converted into SPSS and 

SAS data format using Database Management System (DBMS). Data 

cleaning, coding and recoding was done before data analyses were done. Both 

elementary and inferential analyses were done using univariate and 

multivariate methods using SPSS 11.0 and SAS 9.1 version. 
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Figure 1. Health Belief Model Components and Linkages. 
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RESULTS 
 

Table 1. Sociodemographic Characteristics s of the Study Respondents 
 

 N (N= 185) % 

Age   

<40 9 5.0  

40-49 58 31.4 

50-59 44 23.8 

60-69 30 16.0 

70 and above 44 23.8 

Race   

White 176 95.2 

African American 5 2.7 

Asian and PI 1 0.5 

Hispanic 2 1.1 

Other 1 0.5 

Educational attainment   

< High school 9 4.9 

High school grad. 56 30.4 

Some College or technical school 50 27.2 

College Grad. 33 17.9 

> Grad. Or professional 36 19.6 

Marital status   

Married 37 20.0 

Single 31 16.8 

Separated 3 1.6 

Divorced 63 34.0 

Widowed 51 27.6 

Employment status   

Working full-time 94 51.4 

Working part-time 11 6.0 

Retired 52 28.4 

Never worked 16 8.7 

Not working now 10 5.5 

Income level   

< $ 10,000 18 10.8 

$ 10,000-$ 19,999 34 20.5 

$ 20,000-$ 29,999 26 15.7 

$ 30,000-$ 39,000 27 16.3 

$ 40,000-$ 49,000 18 10.8 

> $ 50,000 43 25.9 

Insurance status   

Yes 169 91.8 

No 15 8.2 

 

The demographic characteristics of the study respondents are summarized 

in Table 1. The study population was all female with a mean age 38.23 years 

(SD=9.19). Almost all of the participants were white (95%) and all non-whites 
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were African American. Fifty eight percent reported high school and/or some 

college, and another eighteen percent were college graduates. Fifty one percent 

were working full-time, 28% were retired, almost 11% reported annual 

incomes below $10,000. Twenty five percent had income level more than or 

equal to $50,000. Regarding health insurance, 8.2% reported not having any 

health insurance, 23.1% had private health insurance, 38.5% had HMO, 28% 

had Medicare and 11% had other types of health insurance. 

Prior breast cancer screening behavior, health care utilization behavior and 

availability of health insurance were examined. Over 80% of the respondents 

reported ever having a mammogram, and of those, 76.4% had the 

mammogram within the past 12 months and 23.6 had a mammogram 2 years 

ago. The remaining respondents (14%) reporting never having had a 

mammogram. For clinical breast examination, 76.4% reported having had a 

clinical breast examination; 83.5% within the past year and 16.5% within the 

past 2 years. Over 90% of the respondents reported having regular health care 

visits; 98.1% within the past year, 1.3% between 1 and 2 years ago, and only 

0.6% more than 2 years ago. Age-specific screening and health care utilization 

has been summarized in table 2. 
 

 

Breast Cancer Knowledge 
 

Breast cancer and screening related knowledge was assessed using 17 

true-false items The items asked about early signs and symptoms of breast 

cancer, breast cancer risk factors, misconception about breast cancer and 

screening, and general knowledge of management of breast cancer. Only 

1.08% women had correct answers on all items. The mean number of items 

answered correctly among the study population was 13 (SD=1.99). Overall the 

knowledge on risk factors of breast cancer was low and misconception about 

breast cancer was prevalent. Almost 35% women believed that being hit in the 

breast may cause a woman to get breast cancer later in life. About 47% women 

knew swelling in the breast as possible sign of breast cancer. Seventy four 

percent women did not think that breast cancer is more common in 65-year-old 

women than in 40-year-old women. About one third of the women did not 

know that one out of every nine women in the United Stats would develop 

breast cancer by the age of 85. About 41% women believed that fibrocystic 

breast disease (breast lumps that are not cancer) increase a woman‘s risk of 

breast cancer, and 34% women did not know breast cancer is the most 

common cancer in women 



 

Table 2. Age-Specific Screening History and Health Care Utilization 

 

 Percentage of respondents 

Age (years)  MM
*
Ever MM 1 year ago CBE MM

*
Ever CBE 1 year ago HCV HCV 1 years ago 

<40  22.2 100.0 100.0 100.0 88.9 100.0 

40-49  82.8 76.3 93.1 85.1 96.6 100.0 

50-59  90.9 77.4 79.6 88.0 93.2 97.5 

60-69  93.3 78.3 93.3 71.4 86.7 100.0 

=> 70  93.2 73.5 68.3 80.0 83.7 100.0 

* Significantly different, P < 0.05, by χ
2
 analysis 



 

Table 3. Perceived susceptibility, Severity and Perceived Benefit Constructs 

 

Perceived Susceptibility Agree Disagree 
2
 P 

My chances of getting breast cancer in next few years is great 39.01 60.99 8.79 0.003 

Your chances of getting breast cancer in relation to average women is higher 25.82 74.18 42.55 0.001 

I feel I will get breast cancer sometime during my life 21.67 78.33 57.8 < 0.001 

I believe all women are equally likely to develop breast cancer 32.61 67.39 22.26 < 0.001 

Perceived Severity     

If I had breast cancer, I would be worried and depressed 87.03 12.97 101.45 <0.001 

If I had breast cancer, I would have to have my breast taken off by surgery 27.72 72.28 36.54 <0.001 

If I had breast cancer, it would cause me to die 12.43 87.57 104.44 <0.001 

 

Perceived Benefits 

 

    

I believe breast cancer can be cured easily 29.89 70.11 29.76 <0.001 

 

If I get a mammogram and nothing is found, I would not worry about breast cancer  

44.57 

 

55.43 

 

2.17 

 

0.14 

If I get a mammogram and nothing is found, I would find peace of mind. 

 

82.61 17.39 78.26 <0.001 

Regular mammogram will help finding breast lumps early and can help save my 

breast 

 

93.51 6.49 140.1 <0.001 

Having a regular mammogram would help my doctor save my life.  

 

92.43 7.57 133.23 <0.001 
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Breast Cancer Perceptions 

 

Perceived Susceptibility: A significant differences in perceptions of 

susceptibility were found. In four questions on susceptibility majority of the 

women disagreed- developing breast cancer in few years (61%), chance higher 

compared to other women (74%), and life-time risk (78%) with the p value 

0.003, 0.001 and <0.001 respectively (Table 3). 

Perceived Severity: Most of the women responded that they considered 

breast cancer as a serious disease because it will cause them worried and 

depressed (87%), however they disagreed on the question on surgery (72%) 

and breast cancer as cause of death (88%) with the p value <0.001. 

Perceived Benefits of mammograms: Nearly all of the respondents 

reported substantial perceived benefits of mammograms and early detection. 

Almost 93% reported believing that regular mammograms will help finding 

breast lumps and help save their lives. Over 80% agreed that if nothing is 

found in mammography, it would bring peace of mind. However, 70% women 

disagreed that breast cancer can be cured easily. Almost equal number of 

women split up with the thought that if nothing was found in mammogram 

they would not worry about breast cancer (agree= 45% and disagree=55%, 

p=0.14). 

Perceived Barriers to getting mammograms: About half (52%) of the 

respondents felt that gender of the provider is a barriers to mammograms, and 

52% indicated that they preferred to be examined by a female physician. 

Thirty one percent women considered not having enough money as a barrier. 

However, 86% women agreed on the statement that even if mammograms are 

expensive, if doctors suggested that they should get it they would get it 

(p=0.001). 

In this study the reliability of the questionnaire was assessed by item 

correlation. Both raw and standardized Cronbach Alpha value was over 80% 

(α = 0.80). 

 

 

Logistic Regression 

 

A logistic regression analysis was done to examine combinations of 

factors associated with regular screening mammography behavior. Previous 

mammogram within a year (yes versus no) was regressed with age, race, 

educational attainment, employment status, household income, marital status, 

perceptions of susceptibility, severity of breast cancer, benefits and barriers 
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related to mammograms, recent health care visit, and clinical breast 

examination in the past year. Perceptions were measured in Likert scale. We 

created an average score on perception scale of all questions dealing with 

specific perception. For example, four separate questions were asked for 

perceived susceptibility. In the logistic regression average score of these four 

questions was used as a continuous variable. Both univariate and multivariate 

regression analyses were carried out and results are summarized in table 5. 

 

Table 4: Perceived Barriers to Screening Mammograms 

 
Perceived Barriers Agree Disagree 2 P 

I don’t want to know if I have breast cancer or not. 5.43 94.57 146.17 0.001 

Not having enough money would keep me from 

having a mammogram. 

31.15 68.85 26.01 <0.001 

I do not know where a woman can go to get a 

regular mammogram. 

5.43 94.57 146.17 0.001 

I think having a regular mammogram is too 

embarrassing. 

8.65 91.35 126.5 <0.001 

I think having a regular mammogram takes too 

much time. 

4.32 95.68 154.38 <0.001 

I would not have regular mammograms because it is 

likely to be painful 

6.56 93.44 138.15 <0.001 

Even if mammograms are expensive, if my doctor 

told me I should get one I would get it. 

85.87 14.13 94.69 <0.001 

I have trouble with transportation and that would 

keep me from having regular mammograms. 

9.78 90.22 119.04 <0.001 

I have other problems more important than having a 

regular mammogram. 

14.13 85.87 94.70 <0.001 

I think the people who give the mammograms are 

not careful. 

3.83 96.17 156.07 <0.001 

I do not have anyone to take care of my kids while I 

go to have mammogram. 

3.14 96.86 139.63 <0.001 

I would not agree to have a regular mammogram, 

as I do not trust mammograms. 

4.32 95.68 154.39 <0.001 

If I find I have breast cancer, people will treat me 

differently, so I don’t want to have mammogram. 

8.11 91.89 129.86 <0.001 

I would not go for a regular mammogram, as I 

dislike being examined by a male physician. 

3.24 96.76 161.78 <0.001 

I would not go for a regular mammogram, as the 

result may not be kept confidential. 

4.35 96.65 153.39 <0.001 

I never heard or read anything encouraging having 

regular mammogram. 

4.40 95.60 151.41 <0.001 

I will prefer to have my breast examined by a female 

physician rather than by a male physician.  

51.91 48.09 0.26 0.68 
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According to the univariate analysis employment status was important to 

getting mammograms. Women who had never been employed or who were 

currently unemployed were 61% less likely to have a yearly mammogram than 

those working part-time or fulltime (Crude OR=0.39, CI=0.16-0.97). 

Unmarried women were 57% less likely to have a yearly mammogram 

compared to married women (Crude OR=0.43, CI=0.16-1.1). Perceived 

barriers appeared to be a significant predictor of regular mammogram both in 

univariate and in adjusted model. Women were 96% less likely to have yearly 

mammogram for one unit increase in barrier scale (Crude OR=0.04, CI=0.01-

0.14). Recent health care visit was also a significant predictor both in 

univariate and multivariate analyses. Women who did not visit for heath care 

within a year were 83% less likely to have a yearly mammogram (Crude 

OR=0.17, CI=0.05-0.61). Other variables were not statically significant in 

univariate analysis. 

After controlling for all other variables perceived barriers, recent health 

care visit and clinical breast examination in a year appeared to be significant 

predictors of regular screening behavior. Women were 98% less likely to have 

yearly mammogram for one unit increase in barrier scale (Adjusted OR=0.02, 

CI=0.00-0.09). 

 

Table 5. Crude and Adjusted Odds Ratios for Factors Associated with 

Screening Behavior 
 

Factors Crude 

OR 

95% CI Adjusted 

OR 

95% CI 

Age 

40-49 

 

1.00 

  

1.00 

 

<40 0.13 0.02-1.06 0.17 0.01-2.25 

50-59 1.20 0.55-2.63 0.83 0.25-2.76 

60-69 1.50 0.61-3.67 1.46 0.24-8.81 

>=70 1.32 0.60-2.89 0.86 0.08-9.75 

Race/Ethnicity  

White 

 

1.00 

  

1.00 

 

Non-White 0.44 0.11-1.80 0.09 0.01-1.52 

Education     

< High school graduate 1.00  1.00  

High school graduate  1.00 0.26-3.84 3.35 0.29-

38.60 

Some college and technical 0.85 0.22-3.31 1.78 0.14-

22.78 

College and Professional 1.46 0.39-5.53 4.80 0.37-

62.74 
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Table 5. (Continued) 

 

Factors Crude 

OR 

95% CI Adjusted 

OR 

95% CI 

Employment Status 

Full or part-time working 

 

1.00 

  

1.00 

 

Retired 1.40 0.71-2.76 1.23 0.16-9.53 

Never worked or not working 

now 

0.39 0.16-0.97* 0.34 0.06-1.87 

Household Income 

< $10,000 

 

1.00 

  

1.00 

 

$10,000-$19,999 1.31 0.52-3.35   

$20,000-$29,999 2.10 0.76-5.84 3.62 0.67-

19.63 

$30,000-$39,999 1.41 0.52-3.83 1.31 0.29-6.00 

$40,000-$49,999 1.31 0.42-4.01 0.77 0.11-5.26 

>=$50,000 1.82 0.75-4.43   

Marital Status 

Married 

 

1.00 

  

1.00 

 

Divorced 0.75 0.33-1.71 0.56 0.14-2.31 

Single 0.43 0.16-1.1* 0.48 0.10-2.41 

Widowed 0.89 0.38-2.12 2.67 0.46-

15.64 

Separated 0.34 0.03-4.10 2.88 0.14-

58.00 

Perceptions     

Perceived Susceptibility 1.79 0.79-4.09 2.01 0.71-5.66 

Perceived Severity 0.54 0.22-1.28 0.53 0.18-1.59 

Perceived Benefits 1.55 0.39-6.13 2.60 0.36-

18.91 

Perceived Barriers 0.04 0.01-0.14* 0.02 0.03-

0.09* 

Recent Health Care Visit 

Yes 

 

1.00 

   

No 0.17 0.05-0.61* 0.13 0.02-

1.00* 

Clinical Breast Examination in a 

Year 

Yes 

 

1.00 

   

No 0.38 0.14-1.04 0.23 0.05-

0.99* 

Note. OR = Odds ratio; CI = Confidence interval; * = statistically significant. 
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Women who did not visit for heath care within a year were 87% less likely 

to have a yearly mammogram, though the significance level was at borderline 

(Adjusted OR=0.13, CI=0.02-1.00). Women who did not have clinical breast 

examination in a year were 77% less likely to have a yearly mammogram 

compared to those who had clinical breast examination in a year (Adjusted 

OR=0.23, CI=0.05-0.99). We examined the goodness of fit of this model by 

Hosmer and Lemeshow Goodness of Fit test which indicates model‘s 

goodness of fit was acceptable (Chi-sq=11.19, p=0.19). 

 

 

DISCUSSION 
 

The study population was selected from a rural community of Ohio from a 

randomly generated database provided by a third party vendor, which provides 

a basis for generalized conclusion; however, a large number of returned mails 

due to wrong addresses may have restricted the generalizability and lead to a 

selection bias. In this study population a small group of women (n=9) were 

less than 40 years of age. We have included them in the analysis since there 

was no significant difference excluding them from the analysis. The age-

specific screening history and health care utilization suggests that the study 

population had more than state average screening rate 61.4% (CDC, BRFSS 

2006) in all age groups, 76.3%, 77.4%, 78.3% and 73.5% in 40-49, 50-59, 60-

69 and =>70 years respectively. Clinical breast examination a year ago was 

also similar except for the age group 60-69, who are below the state average 

(71.4% versus 78.7%). 

Though perceived susceptibility did not appear to be a significant 

predictor in this study population, however, the perception on susceptibility is 

noteworthy. In all four questions majority of the women did not perceive 

themselves as susceptible to develop breast cancer. Women in this study had 

high severity perception and they also perceived mammography as beneficial 

for cancer prevention. However, 55% women did not think that if nothing was 

found in screening mammogram they would not worry about breast cancer. 

Approximately 72% women did not think that if they were diagnosed with 

breast cancer surgical removal of breast will be done. In one hand these 

women were concern about being worried and depressed if they were 

diagnosed with breast cancer, on the other hand, they do not believe that 

surgery will be done as treatment; fear or denial might have played a role in 

this situation. About fear or denial in other population similar findings were 
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found (Rahman, Dignan, and Shelton, 2003; Rahman, Mohamed, and Dignan, 

2003; Rahman, Dignan, and Shelton, 2005). 

Recent health care visit appeared to be a significant predictor associated 

with yearly mammography behavior both in univariate and multivariate 

analysis, though after adjusting for all other variables it was at the borderline 

significance level. In previous studies, women who visited a gynecologist as 

usual care physician had highest rate of mammography (Finison, Wellins, 

Wennberg, and Lucas, 1999). Physician‘s recommendation or motivational 

suggestion from health care professional was found to be effective in 

promoting mammography (Fox, Klos, and Tsou, 1988; Fox, Murata, and Stein, 

1991; Burns, Freund, Ash, Shwartz, and Antab, 1995). In this study 86% 

women agreed that irrespective of expenses they would have had a 

mammogram if it was recommended by their physicians. Clinical breast 

examination in a year also appeared as significant factor associated with yearly 

screening mammogram. This finding is consistent with the previous studies 

where regular health care visit or other screening behavior influenced 

screening mammography. 

This study has several limitations. Though the questionnaire was sent to a 

total of 500 randomly selected women, a large number of returned mails due to 

wrong address may have caused selection bias. We followed the empirical 

findings on survey cash incentives between no cash versus one dollar 

incentives (James, and Bolstein,1992; Lesser, Dillman, Lorenz, Carlson, and 

Brown, 1999) where they found 12 percent point increase return, and only an 

additional two to seven percent point increase for five and ten dollar 

incentives. In our study most of the women who returned the completed 

survey also returned the one dollar bill. Another limitation is we do not have 

any objective assessment of breast cancer screening behavior. However, 

several studies have found high validity of self-reported breast cancer 

screening behavior and considered self-report as useful information (Paskett et 

al., 1996; Zapka et al., 1996). Apart from these limitations the study findings 

clearly show that the rural population are lacking in knowledge about breast 

cancer, screening mammograms and have low perceived susceptibility of 

breast cancer. Future behavioral interventions should focus on novel 

approaches to counteract the perceived barriers to increase unitization of 

screening and to prevent breast cancer in this population. 
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ABSTRACT 
 

Objectives: The objective of the study was to examine the 

association between access to mammography facilities and utilization of 

screening mammography in an urban population. 

Methods: Data on female breast cancer cases were obtained from an 

extensive mammography surveillance project. Distance to mammography 

facilities was measured by using GIS, which was followed by measuring 

geographical access to mammography facilities using Floating Catchment 

Area (FCA) Method (considering all available facilities within an 

arbitrary radius from the woman‘s residence by using Arc GIS 9.0 

software). 

Results: Of 2,024 women, 91.4% were Caucasian; age ranged from 

25 to 98 years; most (95%) were non-Hispanic in origin. Logistic 

regression found age, family history, hormone replacement therapy, 

physician recommendation, and breast cancer stage at diagnosis to be 

significant predictors of having had a previous mammogram. Women 

having higher access to mammography facilities were less likely to have 

had a previous mammogram compared to women who had low access, 

considering all the facilities within 10 miles (OR=0.41, CI=0.22-0.76), 30 

miles (OR=0.52, CI=0.29-0.91) and 40 miles (OR=0.51, CI=0.28-0.92) 

radiuses. Conclusions: Physical distance to mammography facilities 

does not necessarily predict utilization of mammogram and greater 

access does not assure greater utilizations, due to constraints 

imposed by socio economic and cultural barriers. Future studies 

should focus on measuring access to mammography facilities 

capturing a broader dimension of access considering qualitative 

aspect of facilities, as well as other travel impedances. 

 

 

Keywords: Mammography, GIS, access, distance, breast cancer. 

 

 

INTRODUCTION 
 

Breast cancer is one of the leading causes of death among women in the 

United States. The American Cancer Society estimated that 178,480 new cases 

and 40,460 deaths from breast cancer occurred among women in the United 
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States in 2007 (American Cancer Society [ACS], 2007). Due to a lack of 

primary prevention of breast cancer, breast cancer mortality and morbidity 

reduction depends on secondary prevention, chiefly through screening 

mammography. Several randomized trials as well as population-based 

screening evaluations have indicated that early detection of breast cancer 

through screening mammography improves treatment options, the likelihood 

of successful treatment, and improved survival (William, Holladay, and 

Sheikh 2003; Taber et al., 2003; Humphrey, Helfand, Chan, and Woolf, 2002; 

Duffy, Tabar, and Chen, 2002). A rise in mammography utilization is 

suggested by the observed trends (1987-1999) of an increase in breast cancer 

incidence confined to early stage breast cancer (Howe, et al., 2001; Edwards, 

et al., 2002; Blanchard, et al. 2004). A significant and substantial reduction in 

female breast cancer mortality has been observed in recent years because of 

screening mammography (Smith, et al., 2003; Duffy et al., 2006). However, 

the mortality rate from breast cancer is still too high, even though screening 

rates have increased and mortality decreased somewhat. The Healthy People 

2010 target is 22.3 deaths per 100,000 women, but according to the American 

Cancer Society data the death rate is 26 per 100,000 women in 2007 (ACS, 

2007). 

Several researchers have explored barriers to obtaining mammograms, 

including the physical distance to mammography facilities and other barriers 

(Ann, Ronald, Raymond, and Gilligan, 2001; Jilda, Hyndman, and Holman, 

2000a; Jilda, Hyndman, and Holman, 2000b). Understanding the geographical 

and social connections between the utilization of mammography and the 

locations of mammography facilities is critically important for developing 

effective programs to reduce breast cancer mortality. Health Education 

Promotion programs designed to increase mammography screening and 

produce subsequent reduction in breast cancer mortality may have 

opportunities to improve their effectiveness if they are able take barriers such 

as geographic distance to screening services into consideration. Health care 

decisions are strongly influenced by the type and quality of services available 

in the local area and the distance, time, cost, and ease of traveling to reach 

those services (Goodman, Fisher, Stukel, and Chang, 1997; Haynes, Bentham, 

Lovett, and Gale, 1999; Joseph and Phillips, 1984; Croner, Sperling, and 

Broome, 1996; Fortney, Rost, and Warren, 2003). The term ‗spatial 

accessibility‘ is gaining more and more attention in the health care geography 

literature (Khan and Bhardwaj, 1994; Luo, 2004; Luo and Wang, 2003), which 

is a combination of dimensions of accessibility (travel impedance between 

patients and service points, that is measured in units of distance or travel time), 
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and availability (refers to the number of local service locations from which a 

patient can choose). In this study, we focused on measuring access to 

mammogram facility by using GIS, considering both accessibility and 

availability dimensions. We also examined whether access to mammography 

facilities and other demographic variables influence utilization of 

mammography. 

 

 

METHODS 
 

Data Collection 

 

The data for this study were obtained from the Colorado Mammography 

Project (CMAP). CMAP was a National Cancer Institute funded project that 

was in operation from 1994-2004. CMAP was one member of a seven-site 

consortium, and obtained data on mammograms from approximately half of all 

mammography facilities in the six-county Denver metropolitan area of 

Colorado. For this study, information on mammograms for women from 1999-

2001 was analyzed. The CMAP database included demographic data (age, 

race/ethnicity, education, and insurance status), data on mammogram results, 

previous mammogram history, family history, use of hormone replacement 

therapy, physician recommendation, and the zip codes of women‘s residences. 

Addresses of mammography facilities participating in CMAP were obtained 

for this study from the Colorado Department of Public Health and 

Environment. There were 46 facilities on the list that were operating during 

the time period (1999-2001) and were considered as the possible facilities that 

women might use to obtain a mammogram. 

 

 

Calculation of Access to Mammography Facility 

 

We used the ―Floating catchment area‖ (FCA) method by Luo and Wang 

(2004) to calculate access, that considered all available facilities within an 

arbitrary radius around a woman‘s address. Forty-six mammography facilities 

were geocoded using the ArcGIS System and placed in a separate file. Zip 

code centroids were obtained from a Zip code polygon file and compared to 

the database of patients. All Zip code centroids that had no patients from the 

sample were discarded, and then the numbers of patients were summed for 
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each Zip code centroid and placed in a separate file. Mammography facility 

points and Zip code centroid points were connected to the regional street and 

highway network. Point-to-Point mileages were computed in a separate 

shortest path utility embedded within the GIS. The mileages were outputted in 

the form of a distance matrix. The distance matrix between Zip code centroids 

and mammography facilities was then imported into an Excel spreadsheet. 

Minimum distance that a woman would be willing to travel to get to a 

mammogram was considered 10, 20, 30, 40, or, 50 miles and following 

operations were performed for each of these arbitrary radius. For each 

specified radius, the number of women among all Zip codes within the 

specified radius was summed for each of the 46 mammography facilities 

identified within the study area. Then the inverse of these sums were 

computed to calculate the availability of that facility. Now, for each woman‘s 

Zip code within a specified radius, the availability for all facilities was 

summed to obtain the FCA index, representing her access to mammogram 

facility. Finally, indices for five different arbitrary radii 10, 20, 30, 40, and 50 

miles were computed to calculate access to mammography facility. 

 

 

Statistical Analysis to Examine Relationship between 

the Variables 

 

To further explore the association between the variables, logistic 

regressionwas performed. The dependent variable entered into the logistic 

model was whether the woman has had a previous mammogram or not (coded 

as yes=1 and No=0). Women who had a previous record of mammogram in 

the CMAP database or answered, ―yes‖ on their patient information form 

when asked about their previous mammogram history at their index 

examination were considered as having had a previous mammogram (Figure 1 

displays the distribution of the study population that did not have a previous 

mammogram in the six county areas). 

A series of categorical variables were created and entered into the logistic 

model such as, age, race/ethnicity, education, insurance status, family history, 

hormone replacement therapy, physician recommendation, and breast cancer 

stage at diagnosis along with access to mammography facilities. Among the 

independent variables, the ‗physician recommendation‘ variable was divided 

into two broad categories: ‗diagnostic‘ that included all the diagnostic 

procedures (such as, biopsy, needle localization, and ultrasound) and 

‗evaluative‘ that included the rest of the categories, such as, follow up, 
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physical examination, surgical consultation etc. Breast cancer stage at 

diagnosis was also condensed into two categories: non-advanced breast cancer 

stage at diagnosis included carcinoma in situ, and localized tumors, which are 

malignant and invasive but confined to the organ of origin; and advanced stage 

of breast cancer at diagnosis included regional neoplasm that have extended 

beyond the organ of origin into surrounding tissues, involving regional lymph 

nodes, or both, and distant tumors that have spread to remote parts of the body 

from the primary site. 

 

 
Figure 1. Distribution of Population Who did not have had a Previous Mammogram (by Zip 

Code). 

 

With the access ratio for five different radii (such as, 10 miles, 20 miles, 

30 miles, 40 miles, and 50 miles) five different logistic regression models were 

developed. Both univariate and multivariate analyses were conducted and on 

the basis of analysis of maximum likelihood estimates, significant interaction 

terms were identified and there was no significant interaction between the 

variables. 
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RESULTS 
 

Demographic Characteristics 

 

The data from the Colorado Cancer Registry included 2042 individuals 

diagnosed with breast cancer during the period of 1999 to 2001. Descriptive 

statistics for the study population are summarized in Table 1. 

The breast cancer cases ranged in age from 25 to 98 years with 30% being 

50-59 years of age and nearly all were Caucasian (91%). Twenty one percent 

reported having Medicaid and/or Medicare and 78% also had private 

insurance. 

Among those with data on family history, 17% had a positive family 

history of breast cancer. Among those with data on hormone replacement 

therapy, 42% were on hormone replacement therapy at the time of the initial 

mammogram. Nearly all (91%) of the women in the database had a previous 

mammogram. 

Table 2 presents the odds ratios for the factors influencing having had a 

previous mammogram. Access to mammography facilities was negatively 

associated with having had a previous mammogram in the adjusted model 

developed for 10 miles, 30 miles, and 40 miles radius. Women who had 

greater access to mammography facilities were 59% less likely and women 

who had medium access to such facilities were 58% less likely respectively of 

having had a previous mammogram, compared to women who had low access 

to mammography facilities; and these findings were significant in both the 

crude and adjusted models for the 10 miles radius measure. 

For the 30 miles radius access measure, women who had high access to 

mammography facilities was 48% less likely of having had a previous 

mammogram when compared to women who had less access to 

mammography facilities (OR = 0.52, 95% CI = 0.29-0.91). 

The odds of having had a previous mammogram for women who had high 

access to mammography facilities were 0.51(95% CI= 0.28-0.92) times 

compared to women who had less access to mammography facilities and these 

findings were significant for both the crude and adjusted models developed for 

the 40 miles radius access measure. The 50 miles radius access measure 

finding was not statistically significant in any model. 
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Table 1. Characteristics of the Study Population 

 
Factors Number (N=2042) Percentage (%) 

Age    

Below 40 years 121 6 

40-49 503 24 

50-59 609 30 

60-69 364 18 

70 years and above 445 22 

Race/Ethnicity   

White 1811 91 

Black 45 2 

Asian 17 <1 

American Indians and others 5 <1 

Hispanic 104 5 

Ethnicity   

Hispanic   104 5 

Non Hispanic 1898 95 

Education   

Less than High School Graduate 46 6 

High School Graduate 198 26 

Some College 251 32 

College, or Post Graduate 280 36 

Insurance Status   

Medicaid and/or Medicare 392 21 

No Insurance 15 <1 

Other (Private insurance, managed care and 

others) 

1417 78 

Stage of Breast Cancer   

In situ 320 16 

Localized 1080 56 

Regional  498 26 

Direct 32  2 

Previous mammogram   

Yes 1560 91 

No 155 9 

Family History   

Yes 190 17 

No 953 83 

Hormone replacement therapy   

Yes 440 42 

No 608 58 

Physician Recommendation   

Diagnostic 497 46 

Evaluative 585 54 

Note.
 
Totals do not add to 2042 because of missing values. 
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Percentage calculated based on the non-missing values. 

Table 2. OR for Factors Predicting Women who had a Previous 

Mammogram 

 

Factors Crude OR 95% CI Adjusted 

OR 

95% CI 

Age Group     

Below 40 years 0.13 0.07-0.22* 0.11 0.06-0.22* 

40-49 1.00  1.00  

50-59 3.24 1.81-5.80* 1.63 0.80-3.32 

60-69 2.79 1.44-5.40* 1.72 0.77-3.90 

70 years and above 0.73 0.47-1.14 1.02 0.50-2.09 

Race/Ethnicity     

White 1.00  1.00  

Black 0.45 0.18-1.10 0.68 0.20-2.19 

Asian 1.57 0.21-11.89 2.75 0.21-35.65 

Hispanic 0.37 0.21-0.66* 0.51 0.06-4.69 

Ethnicity     

Hispanic 1.00  1.00  

Non Hispanic 2.03 1.17-3.52* 1.55 0.19-12.82 

Education     

Less than High School 

Graduate 

1.00  1.00  

High School Graduate 0.33 0.20-0.54* 0.66 0.34-1.26 

Some College 0.32 0.21-0.51* 0.65 0.36-1.19 

College, or Post Graduate 0.38 0.24-0.60* 0.82 0.44-1.51 

Insurance Status     

Medicaid and/or Medicare 0.38 0.19-0.75* 0.48 0.20-1.17 

No insurance 1.00  1.00  

Other (Private insurance, 

managed care and others) 

0.64 0.34-1.22 0.95 0.43-2.13 

Family History     

Yes 1.00  1.00  

No 0.18 0.11-0.28* 0.37 0.19-0.69* 

Hormone replacement therapy     

Yes 1.00  1.00  

No 0.09 0.06-0.14* 0.15 0.08-0.27* 

Physician Recommendation     

Diagnostic 1.00  1.00  

Evaluative 1.23 0.85-1.77 2.00 1.24-3.23* 

Breast cancer stage at diagnosis     

Non-advance stage 1.00  1.00  

Advance stage 0.58 0.41-0.83* 0.69 0.43-1.10 
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Table 2. (Continued) 

 

Factors Crude OR 95% CI Adjusted 

OR 

95% CI 

Access to mammogram facilities     

Within 10 miles 

radius 

High access 0.46 0.27-0.77* 0.41 0.22-0.76* 

Medium 

access 

0.42 0.25-0.71* 0.42 0.23-0.76* 

Low access 1.00  1.00  

Within 20 miles 

radius 

High access 0.60 0.38-0.96* 0.58 0.34-1.00 

Medium 

access 

0.81 0.49-1.35 0.72 0.39-1.31 

Low access 1.00  1.00  

Within 30 miles 

radius 

High access 0.68 0.42-1.10 0.52 0.29-0.91* 

Medium 

access 

0.67 0.41-1.09 0.85 0.49-1.49 

Low access 1.00  1.00  

Within 40 miles 

radius 

High access 0.58 0.35-0.97* 0.51 0.28-0.92* 

Medium 

access 

0.79 0.47-1.32 0.68 0.37-1.25 

Low access 1.00  1.00  

Within 50 miles 

radius 

High access 0.91 0.50-1.63 0.82 0.41-1.61 

 Medium 

access 

0.81 0.46-1.44 0.78 0.40-1.51 

Low access 1.00  1.00  

Note. OR = Odds ratio; CI = Confidence interval; * = statistically significant. 

(Adjusted Odds ratio for all the independent variables are taken from the logistic 

model for 30 mile radius)  

 

In Table 2, after adjustment for all other variables, women in the age 

group below 40 years were negatively associated with having had a previous 

mammogram when compared to women in the age group 40-49 years, which 

was statistically significant (adjusted OR = 0.11, 95% CI = 0.06-0.22). After 

adjustment for other variables, neither race nor ethnicity remained 

significantly associated with having had a previous mammogram when 

compared with White women. Women‘s educational attainment level and 

insurance status were not statistically significantly associated with having had 

a previous mammogram in the adjusted model. Not having a family history of 

breast cancer appeared as a negative predictor of having had a previous 
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mammogram in the adjusted model, as it had in the univariate model, and 

remained statistically significant (adjusted OR = 0.37, 95% CI = 0.19-0.69). 

The odds of having had a previous mammogram for women who did not have 

a family history of breast cancer were about one-third as likely as women who 

had a positive family history of breast cancer. Hormone replacement therapy 

remained negatively associated with having had a previous mammogram after 

controlling for all other variables in the adjusted model (adjusted OR = 0.15, 

95% CI = 0.08-0.27) and the finding was statistically significant. In the 

adjusted model after controlling for all other variables, the evaluative 

recommendation by physicians was found to be a significant predictor of 

having had a previous mammogram (OR = 2.00, 95% CI = 1.24-3.23). 

 

 

DISCUSSION 
 

The gravity model, a combined measure of accessibility and availability 

was used to evaluate the potential spatial interaction between any woman‘s 

location and all alternative mammography facilities within a reasonable 

distance. The relationship of geographical access and utilization of 

mammogram is noteworthy. In Denver metropolitan area most of 

mammography facilities are located close to the downtown where accessibility 

is higher. Women diagnosed with breast cancer without a previous 

mammogram also higher in this area (Figure 1). In another study we found 

women diagnosed with advanced stage of breast cancer are also higher in these 

areas (Rahman, et al., 2007). Several issues contribute in determining which 

mammography facility to be used to get a mammogram, or more specifically, 

why a woman would not use the nearest mammography facility or just one 

facility to obtain her mammograms. Factors such as the type of health 

insurance and their policies regarding reimbursement may have determined 

which mammography facility a woman must use to get a mammogram. A 

common physician practice is to recommend their patients to a specific 

mammography facility. Some women may prefer to go to a mammography 

facility that is closer to their work place rather than from their residence. 

Moreover, it is crucial to specify one mammogram facility that the woman 

used to measure the straight-line distance from her residence. Typically for a 

diagnosis of breast cancer a woman will have one or two mammograms and 

then an ultrasound, which will be followed by a biopsy and all of these 

examinations usually do not occur within the same clinic or on the same day. 
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Both access and distance are equally important in considering barriers to 

overcome for screening mammogram and diagnostic testings for breast cancer. 

Being hindered in either way would likely result in a later stage of breast 

cancer at diagnosis. Taking into account all the above issues it seems more 

appropriate that we measure access to mammogram facility considering all the 

available facilities within an arbitrary radius, rather than the distance from the 

woman‘s residence to nearest facility or one specific facility. 

Again, in the literature the arbitrary radius is usually considered as 30 

miles for FCA method; however most of these studies are about primary care 

rather than preventive care. Assuming that the minimum distance a woman 

would be willing to travel to get a preventive service, such as, mammogram 

would be different, access ratio for several different radii (10, 20, 30, 40, and 

50 miles) were measured and compared. While comparing access measures of 

different arbitrary radiuses in the FCA method, as the radius increased from 10 

miles to 50 miles, the standard deviation of access measures decreased and 

also the range from minimum to maximum decreased (Table 3). 

This indicates that the access measure with a higher radius had less 

variance, which led to stronger spatial smoothing, which is a manifestation of 

MAUP (modifiable areal unit problem). Access scores tended to increase with 

increasing radius, as one would have more access if she were permitted or 

capable of traveling further. As the radius increased from 10 miles to 50 miles, 

the population with high access also increased (Figure 2, Figure 3 and Figure 

4). 

 

Table 3. Comparison of Accessibility Measures 
 

Radius Total number Minimum Maximum Mean Std. Deviation 

10 Mile 1745 .0000000 .1075926 .0263610 .0261128 

20 Mile 1745 .0000000 .0768412 .0263610 .0136416 

30 Mile 1745 .0000000 .0536146 .0263610 .0084047 

40 Mile 1745 .0000000 .0377056 .0263610 .0056572 

50 Mile 1745 .0011524 .0314764 .0263610 .0042359 

N= 2042. 

Frequency missing 297. 
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Figure 2. Accessibility to Mammogram Facilities within 10 Miles Radius (by Zip Code). 

 

 
Figure 3. Accessibility to Mammogram Facilities within 30 Miles Radius (by Zip Code). 
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Figure 4. Accessibility to Mammogram Facilities within 50 Miles Radius (by Zip Code). 

 

However, if we look at the mean access measure for the population, it 

remains the same for all the measures with different radiuses (Table 3) as 

because increasing radius does not necessarily mean increasing access. Access 

depends on the distribution of supply of and demand for mammograms. In the 

method of calculating access to mammography facilities in the current study, 

the availability of the facility was considered only by the total number of 

women sharing that facility, which meant that all the mammography facilities 

were viewed as having equal capacity. When the radius increased, the number 

of women within that arbitrary radius increased as well, which acted to 

decrease the ultimate access to a mammography facility as more women 

shared that facility. To overcome this limitation, future research is needed that 

will consider the qualitative aspects of the mammography facilities, such as, 

the size, number of staff members, amount of equipment and other details that 

might have affected the capacity of a facility. 

Several other limitations that were related to the access measure of the 

current study are as follows: First, the population data were geocoded by using 

women‘s Zip codes as exact addresses were not available because of a 

requirement to maintain confidentiality. By using Zip codes, women were 

assigned to an area rather than assigned to a single point. This technique might 

have decreased the level of precision for the measure of access to 
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mammography facility. Second, the current study was limited to only six 

county areas. A known limitation of the FCA method in measuring access is 

that people within a catchment area have equal access to all providers within 

that same catchment area, and all providers beyond the radius of the catchment 

area are inaccessible, regardless of any differences in distances (Luo, 2004; 

Luo and Wang, 2004;). Finally, absence of individual level data on income or 

socio-economic status and missing data on health insurance, education, 

hormone replacement therapy, family history, physician recommendation and 

previous mammogram were also a major limitation of the current study. 
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population. Data on female breast cancer cases were obtained from an 

extensive mammography surveillance project. The Floating Catchment 

Area Method, considering all available facilities within an arbitrary radius 

from woman‘s residence, was used to assess access to mammography 

facilities. Results showed that odds of breast cancer being diagnosed at an 

advanced stage were higher for women who had greater access compared 

to women who had lower access to mammogram facilities. Greater access 

did not assure breast cancer to be diagnosed at less advanced stage due to 

constraints imposed by socio economic and cultural barriers. Future 

studies should measure access to mammography facilities capturing a 

broader dimension of access. 

 

 

INTRODUCTION 
 

Breast cancer is one of the leading causes of death among women in the 

United States. An estimated 178,480 new cases and 40,460 deaths from breast 

cancer are expected to occur among women in the United States in 2007 

(ACS, 2007). Due to a lack of primary prevention of breast cancer, breast 

cancer mortality and morbidity reduction depends on secondary prevention, 

chiefly through screening mammography. Several randomized trials as well as 

population-based screening evaluations have indicated that early detection of 

breast cancer through screening mammography improves treatment options, 

the likelihood of successful treatment, and improved survival (William, 

Holladay, Sheikh, et al., 2003; Taber, Yen, Vitak, et al., 2003; Humphrey, 

Helfand, Chan, and Woolf, 2002; Duffy, Tabar, and Chen, 2002). Moreover, 

several studies found significant down staging of breast cancers associated 

with mammography screening (Freedman, Anderson, Goldstein, Hanlon, et al., 

2003; Vacek, Geller, Weaver, and Foster, 2002; Ernster, Ballard-Barbash, 

Barlow, et al., 2002; Wu, Weissfeld, Weinberg, and Kuller, 1999; McCarthy, 

Burns, Freund, et al., 2000; Solin, Schultz, Legorreta, and Goodman, 1995). 

Breast cancer stage and size down staging in women with a history of 

mammography screening was also found to be associated with breast 

conserving treatment (Freedman, Anderson, Goldstein, Hanlon, et al., 2003). 

This is consistent with the observed trend for the increasing use of breast 

conserving treatment in the United States, particularly among women with 

stage I breast carcinomas (Stewart, Bland, McGinnis, Morrow, and Eyre, 

2000; Solin, Legorreta, Schultz, et al., 1994; Roberts, Alexander, Anderson, et 

al., 1990; Andersson, Aspegren, Janzon, et al., 1988). Research also shows a 
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significant and substantial reduction in female breast cancer mortality in recent 

years associated with use of screening mammography (Smith, et al., 2003; 

Duffy et al., 2006). However, the mortality rate from breast cancer is still too 

high, even though screening rates have increased and mortality decreased 

somewhat. The Healthy People 2010 target is 22.3 deaths per 100,000 women, 

but according to the American Cancer Society data the death rate is 26 per 

100,000 women in 2007 (American Cancer Society, 2007). 

Several studies have explored barriers to obtaining mammograms, 

including distance to mammography facilities (Ann, Ronald, Raymond, 

Gilligan, 2001; Jilda, Hyndman, Holman, 2000; Jilda, Hyndman, Holman, 

2000). Understanding the geographic and health service factors is critically 

important for developing effective programs to reduce breast cancer mortality. 

Health education/promotion programs designed to increase mammography 

screening and produce subsequent reduction in breast cancer mortality may 

have opportunities to improve their effectiveness if they are better able to 

include consideration of barriers such as geographic distance to screening 

services in planning. Health care decisions are strongly influenced by the type 

and quality of services available in the local area and the distance, time, cost, 

and ease of traveling to reach those services (Goodman, Fisher, Stukel, and 

Chang, 1997; Haynes, Bentham, Lovett, and Gale, 1999; Joseph and Phillips, 

1984; Croner, 1996; Fortney, Rost and Warren, 2003). 

The term ‗spatial accessibility‘ is gaining attention in the health care 

geography literature (Khan and Bhardwaj, 1994; Luo, 2004; Luo and Wang, 

2003). Spatial accessibility is a combination of dimensions of accessibility 

(travel impedance between clients and service points, which is measured in 

units of distance or travel time) and availability (refers to the number of local 

service locations from which a client can choose). In this study, we focused on 

measuring access to mammogram facility by using GIS, considering both 

accessibility and availability dimensions. We also examined whether access to 

mammography facilities and other demographic variables influence breast 

cancer stage at diagnosis. 

 

 

 

METHODS 
 

The data for current study were obtained from the Colorado 

Mammography Project (CMAP). CMAP was a National Cancer Institute 
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funded project that was in operation from 1994-2004. CMAP was one member 

of a seven-site consortium, and obtained data on mammograms from 

approximately half of all mammography facilities in the six-county Denver 

metropolitan area of Colorado. For the present study, information on breast 

cancer cases from 1999-2001 was analyzed. Breast cancers for the present 

analyses included invasive cancers and ductal carcinoma in situ (DCIS) but 

did not include localized carcinoma in situ (LCIS). All cases were diagnosed 

based on the diagnostic criteria recommended by the American Medical 

Association and the Colorado Cancer Registry. The CMAP database included 

demographic data (age, race/ethnicity, education, and insurance status), data 

on mammogram results, whether there was a previous mammogram, family 

history, use of hormone replacement therapy, physician recommendation, and 

the zip codes of women‘s residences. Addresses of mammography facilities 

participating in CMAP were obtained for this study from the Colorado 

Department of Public Health and Environment. There were 46 facilities on the 

list that were operating during the time period (1999-2001) and were 

considered as the possible facilities that women might use to obtain a 

mammogram. 

 

 

Calculation of Distance and Access to Mammography Facility 

 

We used the ―Floating catchment area‖ (FCA) method by Luo and Wang 

(2004) to calculate distance and access. We considered all available facilities 

within an arbitrary radius around a woman‘s address, rather than just 

measuring the straight-line distance from the woman‘s residence to nearest 

facility or one specific facility. The FCA method requires a spatially 

distributed population count at census tract or block group level and the 

number of providers in the study area as the inputs for the analysis (Luo and 

Wang, 2003, Luo, 2004). Distance was calculated by road network analysis. 

Shortest paths were computed on the highway network using a version of 

Moore's Algorithm embedded within the ArcGIS software package. Once the 

travel distance was calculated from woman‘s residence Zip code to 

mammography facilities, the FCA method was applied for calculating 

accessibility. Steps taken in the computation were as follows: 

 

1. The 46 mammography facilities were geocoded using the ArcGIS 

System and placed in a separate file.  
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2. Zip code centroids were obtained from a Zip code polygon file and 

compared to the database of patients. All Zip code centroids that had 

no patients from the sample were discarded, leaving only those 

centroids that had patients. The numbers of patients were summed for 

each Zip code centroid and placed in a separate file. 

3. Mammography facility points and Zip code centroid points were 

connected to the regional street and highway network. Point-to-Point 

mileages were computed in a separate shortest path utility embedded 

within the GIS. The mileages were outputted in the form of a distance 

matrix. 

4. The distance matrix between Zip code centroids and mammography 

facilities was imported into an Excel Spreadsheet. The following 

operations were performed among radii of 10, 20, 30, 40 and 50 

miles. For each specified radius, the number of women among all Zip 

codes within the specified radius was summed for each of the 46 

mammography facilities identified within the study area. Then the 

inverse of these sums were computed and summed for each zip code 

to obtain the FCA index inputted into the regression model. Finally, 

indices for 10, 20, 30, 40, and 50 miles were computed and placed in 

a table on another worksheet within an Excel spreadsheet file. 

 

 

Statistical Analysis to Examine Relationship between 

the Variables 

 

To further explore the association between the variables, logistic 

regression analysis was performed. The dependent variable entered into the 

logistic model was ‗breast cancer stage at diagnosis‘ (coded as advanced = 1, 

non-advanced = 0); non-advanced breast cancer stage at diagnosis included 

carcinoma in situ, and Stage 1 (localized tumors); all other Stages were coded 

as advanced. A series of categorical variables were created and entered into 

the logistic model such as, age, race/ethnicity, education, insurance status, 

family history, hormone replacement therapy, physician recommendation, and 

previous mammogram along with access to mammography facilities (coded as 

high access=1, medium access=2, and low access=3). Among the independent 

variables, the ‗Physician recommendation‘ variable was divided into two 

broad categories: ‗diagnostic‘ that included all the diagnostic procedures (such 

as, biopsy, needle localization, and ultrasound) and ‗evaluative‘ that included 

the rest of the categories, such as, follow up, physical examination, surgical 
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consultation etc. Women who had a previous record of mammogram in the 

CMAP database or answered, ―yes‖ on their patient information form when 

asked about their previous mammogram history at their index examination 

were considered as having had a previous mammogram. With the access ratio 

for five different radii (such as, 10 miles, 20 miles, 30 miles, 40 miles, and 50 

miles) five different logistic regression models were developed. Both 

univariate and multivariate analyses were conducted and on the basis of 

analysis of maximum likelihood estimates, significant interaction terms were 

identified and there was no significant interaction between the variables. 

 

 

RESULTS 
 

Demographic Characteristics 

 

Data on 2042 breast cancer cases diagnosed during the period of 1999 to 

2001 were included in the analyses. Descriptive statistics for the study 

population are summarized in Table 1. The breast cancer cases ranged in age 

from 25 to 98 years with 30% being 50-59 years of age and nearly all were 

Caucasian (91%). Twenty one percent reported having Medicaid and/or 

Medicare and 78% also had private insurance.  

 

Table 1. Characteristics of the Study Population 

 
Factors Number (N=2042) Percentage (%) 

Age    

Below 40 years 121 6 

40-49 503 24 

50-59 609 30 

60-69 364 18 

70 years and above 445 22 

Race/Ethnicity   

White 1811 91 

Black 45 2 

Asian 17 <1 

American Indians and others 5 <1 

Hispanic 104 5 

Ethnicity   

Hispanic   104 5 

Non Hispanic 1898 95 
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Table 1. (Continued) 
Education   

Less than High School Graduate 46  6 

High School Graduate 198 26 

Some College 251 32 

College, or Post Graduate 280 36 

Insurance Status   

Medicaid and/or Medicare 392 21 

No Insurance  15 <1 

Other (Private insurance, managed care and others) 1417 78 

Stage of Breast Cancer   

In situ 320 16 

Localized 1080 56 

Regional  498 26 

Direct 32  2 

Previous mammogram   

Yes 1560 91 

No 155 9 

Family History   

Yes 190 17 

No 953 83 

Hormone replacement therapy   

Yes 440 42 

No 608 58 

Physician Recommendation   

Diagnostic 497 46 

Evaluative 585 54 

Note.
 
Totals do not add to 2042 because of missing values. Percentage calculated based 

on the non-missing values. 

 

Among those with data on family history, 17% had a positive family 

history of breast cancer. Among the non-advanced stage of breast cancer 

cases, 16% had carcinoma in- situ, 56% had localized breast cancer; and 

advanced stage included 26% regional stage of breast cancer, and 2% distant 

metastases (Figure 1 displays distribution of breast cancer stages at diagnosis 

by Zip Codes). 
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Figure 1. Distribution of Breast Cancer Stage at Diagnosis (by Zip Code). 

 

Distance figures were calculated first as a straight-line distance between 

centroids of two Zip codes (woman‘s residence Zip code and mammography 

facility Zip code); mean distance from the woman‘s residence Zip code to a 

mammography facility Zip code was 13 miles with a standard deviation of 41 

miles and a range of less than one mile to 638 miles. Access ratio is then 

calculated by FCA method for each woman for several different radii such as, 

10 miles, 20 miles, 30 miles, 40 miles, and 50 miles. Table 2 and Figure 2, 

Figure 3 and Figure 4 depict a comparison of access measures of different 

arbitrary radiuses. As the radius in the FCA method increased from 10 miles to 

50 miles, the standard deviation of access measures decreased and also the 

range from minimum to maximum decreased, though the mean access measure 

for the population remained the same for all the measures with different radii. 
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Figure 2. Accessibility to Mammogram Facilities within 10 Miles Radius (by Zip Code). 

 

Table-3 presents crude and adjusted odds ratios for the factors influencing 

breast cancer stage at diagnosis using access measures. Adjusted odds ratios 

for all the independent variables are reported from the logistic regression 

model for the 50-miles radius model. After adjustment for all other variables, 

the odds of breast cancer being diagnosed at an advanced stage for women 

who had medium access compared to women who had low access was 1.53 

times, when the minimum distance a woman would be willing to travel was 

considered as 50 miles (adjusted OR = 1.53, 95% CI = 1.08-2.15). 
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Figure 3. Accessibility to Mammogram Facilities within 30 Miles Radius (by Zip Code). 

 

Table 2. Comparison of Accessibility Measures 

 

Radius Total number Minimum Maximum Mean 

Std. 

Deviation 

10 Mile 1745 .0000000 .1075926 .0263610 .0261128 

20 Mile 1745 .0000000 .0768412 .0263610 .0136416 

30 Mile 1745 .0000000 .0536146 .0263610 .0084047 

40 Mile 1745 .0000000 .0377056 .0263610 .0056572 

50 Mile 1745 .0011524 .0314764 .0263610 .0042359 

N= 2042. Frequency missing 297. 

 

Table 3. Crude and Adjusted Odds Ratios for Factors Predicting 

Advanced Stage Breast Cancer at Diagnosis Using Access Measure 
 

Factors Crude OR 95% CI Adjusted 

OR 

95% CI 

Age Group     

Below 40 years 1.43 0.94-2.18 1.55 0.98-2.44 

40-49 1.00  1.00  

50-59 0.89 0.69-1.16 0.95 0.71-1.28 

60-69 0.81 0.59-1.09 0.81 0.56-1.51 

70 years and above 0.65 0.48-0.88* 0.63 0.41-0.95* 
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Race/Ethnicity     

White 1.00  1.00  

Black 1.06 0.54-2.08 0.83 0.40-1.71 

Asian 1.51 0.63-3.62 1.53 0.62-3.80 

Hispanic 0.87 0.54-1.40 1.97 0.61-6.39 

Ethnicity     

Hispanic  1.00  1.00  

Non Hispanic 1.32 0.86-2.01 2.22 0.76-6.50 

Education     

Less than High School Graduate 1.00  1.00  

High School Graduate 0.75 0.52-1.09 0.73 0.50-1.15 

Some College 1.58 1.18-2.11* 1.52 1.04-2.21* 

College, or Post Graduate 1.05 0.78-1.41 1.00 0.69-1.48 

Insurance Status     

Medicaid and/or Medicare 0.78 0.53-1.13 0.94 0.58-1.50 

No insurance 1.00  1.00  

Other (Private insurance, managed 

care and others) 

1.04 0.76-1.42 0.94 0.66-1.36 

Previous mammogram     

Yes 0.69 0.55-0.87* 0.72 0.54-0.96* 

No 1.00  1.00  

Family History     

Yes 1.00  1.00  

No 1.11 0.91-1.36 1.19 0.89-1.60 

Hormone replacement therapy     

Yes 1.00  1.00  

No 1.20 0.97-1.49 1.06 0.79-1.43 

Physician Recommendation     

Diagnostic 1.00  1.00  

Evaluative 0.81 0.64-1.01 0.77 0.58-1.02 

Within 10 miles 

radius 

High access 0.88 0.68-1.15 0.94 0.71-1.23 

Medium 

access 

0.91 0.70-1.19 0.98 0.74-1.28 

Low access 1.00  1.00  

Within 20 miles 

radius 

High access 1.01 0.78-1.31 1.09 0.83-1.43 

Medium 

access 

1.02 0.78-1.34 1.10 0.83-1.46 

Low access 1.00  1.00  

Access to mammogram facilities     

Within 30 miles 

radius 

High access 1.07 0.82-1.40 1.15 0.87-1.50 

Medium 

access 

0.89 0.69-1.17 0.92 0.69-1.21 

Low access 1.00  1.00  

Within 40 miles 

radius 

High access 1.10 0.83-1.47 1.23 0.91-1.65 

 Medium 

access 

1.09 0.83-1.43 1.21 0.91-1.60 

Low access 1.00  1.00  
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Table 3. (Continued) 
Within 50 miles 

radius 

High access 1.23 0.87-1.73 1.38 0.97-1.97 

Medium 

access 

1.40 1.00-1.95* 1.53 1.08-2.15* 

Low access 1.00  1.00  

Note. OR = Odds ratio; CI = Confidence interval; * = statistically significant. 

(Adjusted Odds ratio for all the independent variables are taken from the logistic 

model for 50 miles radius). 

 

 

Figure 4. Accessibility to Mammogram Facilities within 50 Miles Radius (by Zip Code). 

 

After adjustment for all other variables, the age group 70 years and older 

was negatively associated with advanced stage of breast cancer at diagnosis, 

which was statistically significant (OR = 0.63, 95% CI = 0.41-0.95). This 

finding implies that the oldest women were less likely to be diagnosed with 

breast cancer at an advanced stage compared to younger women. Women who 

have had a previous mammogram were 28% less likely to have their breast 

cancer diagnosed at an advanced stage compared to women who did not have 

a previous mammogram in the adjusted model and the finding was statistically 

significant (adjusted OR = 0.72, 95% CI= 0.54-0.96). Education was also 

found to be a significant predictor of breast cancer stage at diagnosis. In the 
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adjusted model, the odds of having breast cancer diagnosed at an advanced 

stage for women having some college degree were 1.52 times as likely as 

women who had less than a high school degree and the finding was 

statistically significant (adjusted OR = 1.52, 95% CI= 1.04-2.21). 

Race/ethnicity was not a significant predictor for breast cancer stage at 

diagnosis after adjustment for all other variables. Family history and hormone 

replacement therapy were positively associated with breast cancer stage at 

diagnosis, but was not statistically significantly different in the adjusted 

model. When entered into the adjusted model after adjustment for other 

variables, physician recommendation was found to be negatively associated 

with breast cancer stage at diagnosis, but the finding was not statistically 

significant (adjusted OR = 0.77, 95% CI = 0.58-1.02). 

 

 

DISCUSSION 
 

The current study used a combined measure of accessibility and 

availability to evaluate the potential spatial interaction between any woman‘s 

residence and all alternative mammography facilities within a reasonable 

distance. This is a unique approach to study access to mammography facilities 

in a situation for women especially in an urban setting. Because several issues 

contribute in determining which mammography facility to be used to get a 

mammogram, or more specifically, why a woman would not use the nearest 

mammography facility or just one facility to obtain her mammograms. Factors 

such as the type of health insurance and their policies regarding 

reimbursement may have determined which mammography facility a woman 

must use to get a mammogram. A common physician practice is to 

recommend their patients to a specific mammography facility. Some women 

may prefer to go to a mammography facility that is closer to their work place 

rather than from their residence. Moreover, it is crucial to specify one 

mammogram facility that was used by a woman to diagnose breast cancer. 

Typically the diagnosis of breast cancer occurs through step by step 

procedures such as mammograms, ultrasound, and biopsy, and all of these 

procedures usually do not occur within the same clinic or on the same day. 

Both access and distance are equally important in considering barriers to 

overcome for mammogram and diagnostic testing as both access and distance 

may be associated with later stage of cancer at diagnosis. Taking into account 

all the above issues it seems more appropriate that we measure access to 
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mammogram facility considering all the available facilities within an arbitrary 

radius, rather than the distance from the woman‘s residence to nearest facility 

or one specific facility. Access scores were measured in several different radii 

and as the radius increased from 10 miles to 50 miles, the population with high 

access also increased. Nevertheless, if we look at the mean access measure for 

the population, it remains the same for all the measures with different radiuses 

(Table 2) as because increasing radius does not necessarily mean increasing 

access. Access depends on the distribution of supply of and demand for 

mammograms. In the method of calculating access to mammography facilities 

in the current study, the availability of the facility was considered only by the 

total number of women sharing that facility, which meant that all the 

mammography facilities were viewed as having equal capacity. When the 

radius increased, the number of women within that arbitrary radius increased 

as well, which acted to decrease the ultimate access to a mammography 

facility as more women shared that facility. To overcome this limitation, future 

research is needed that will consider the qualitative aspects of the 

mammography facilities, such as, the size, number of staff members, amount 

of equipment and other details that might have affected the capacity of a 

facility.  

Several other limitations that were related to the access measure of the 

current study are as follows: First, the population data were geocoded by using 

women‘s Zip codes as exact addresses were not available because of a 

requirement to maintain confidentiality. By using Zip codes, women were 

assigned to an area rather than assigned to a single point. This technique might 

have decreased the level of precision for the measure of access to 

mammography facility. Second, the current study was limited to only six 

county areas. A known limitation of the FCA method in measuring access is 

that people within a catchment area have equal access to all providers within 

that same catchment area, and all providers beyond the radius of the catchment 

area are inaccessible, regardless of any differences in distances (Luo and 

Wang, 2003; Luo, 2004). Finally, absence of individual level data on income 

or socio-economic status and missing data on health insurance, education, 

hormone replacement therapy, family history, physician recommendation and 

previous mammogram were also a major limitation of the current study. 
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ABSTRACT 
 

Background 
Epidemiologic and laboratory investigations suggest that non-

steroidal anti-inflammatory drugs (NSAIDs) have chemopreventive 

effects against breast cancer due to their activity against cyclooxygenase-

2 (COX-2), the rate-limiting enzyme of the prostaglandin cascade. 
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Methods 
We conducted a case control study of breast cancer designed to 

compare effects of selective and non-selective COX-2 inhibitors. A total 

of 611 incident breast cancer patients were ascertained from the James 

Cancer Hospital, Columbus, Ohio, during 2003-2004 and compared with 

615 cancer free controls frequency-matched to the cases on age, race, and 

county of residence. Data on the past and current use of prescription and 

over the counter medications and breast cancer risk factors were 

ascertained using a standardized risk factor questionnaire. Effects of 

COX-2 inhibiting agents were quantified by calculating odds ratios (OR) 

and 95% confidence intervals. 
 

Results 
Results showed significant risk reductions for selective COX-2 

inhibitors as a group (OR=0.15, 95% CI=0.08-0.28), regular aspirin 

(OR=0.46, 95% CI = 0.32-0.65), and ibuprofen or naproxen (0.36, 95% 

CI= 0.21-0.60). Intake of COX-2 inhibitors produced significant risk 

reductions for premenopausal women (OR=0.05), postmenopausal 

women (OR=0.26), women with a positive family history (OR=0.19), 

women with a negative family history (OR=0.14), women with estrogen 

receptor positive tumors (OR=0.24), women with estrogen receptor 

negative tumors (OR=0.05), women with HER-2/neu positive tumors 

(OR=0.26), and women with HER-2/neu negative tumors (OR=0.17). 

Acetaminophen, a compound with negligible COX-2 activity produced 

no significant change in the risk of breast cancer. 
 

Conclusions 
Selective COX-2 inhibitors (celecoxib and rofecoxib) were only 

recently approved for use in 1999, and rofecoxib (Vioxx) was withdrawn 

from the marketplace in 2004. Nevertheless, even in the short window of 

exposure to these compounds, the selective COX-2 inhibitors produced a 

significant (85%) reduction in the risk of breast cancer, underscoring their 

strong potential for breast cancer chemoprevention. 

 

 

Both the magnitude and the direction of effect of selective COX-2 

blockers on the risk of cardiovascular disease is the subject of controversy. 

Risk increases have been observed with use of rofecoxib and celecoxib in 

clinical trials that were designed to evaluate their potential for treating arthritis 

or reducing colonic polyp recurrence [3, 4, 5], whereas risk decreases have 

been observed in observational studies that were designed to evaluate effects 

of these same compounds on cardiovascular diseases [6, 7, 8]. Still other 
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investigations suggest that COX-2 inhibitors have no effect on the risk of 

myocardial infarction and related cardiovascular events [9, 10]. 

Among American women, breast cancer is the most frequently diagnosed 

malignancy and second leading cause of cancer death [11]. Despite intensive 

efforts aimed primarily at early detection and therapy, the mortality rates of 

breast cancer have remained virtually constant for several decades. Innovative 

research efforts must therefore be redirected towards chemoprevention of the 

early stages of carcinogenesis. Among twenty published epidemiologic studies 

that focused on the association between intake of nonsteroidal anti-

inflammatory drugs (NSAIDs) and the risk of human breast cancer, 13 

reported statistically significant risk reductions. Meta-analysis of these data 

suggests that regular NSAID intake significantly reduces the risk of breast 

cancer [12]. 

Two selective COX-2 inhibitors, celecoxib (Celebrex) and rofecoxib 

(Vioxx), were approved for the treatment of arthritis by the United States Food 

and Drug Administration (FDA) in 1999. Until the recall of Vioxx in 

September, 2004, these two compounds plus other selective COX-2 inhibitors 

valdecoxib (Bextra) and meloxicam (Mobic) were widely utilized in the 

United States for pain relief and treatment of osteoarthritis and rheumatoid 

arthritis. The time period between approval of Celebrex to the recall of Vioxx 

provides an approximate six-year window for evaluation of exposure to such 

compounds by a case control approach. The current case control study was 

designed to test the chemopreventive value of selective COX-2 blockade 

against human breast cancer. 

 

 

METHODS 
 

We studied 611 cases of invasive breast cancer with histological 

verification based upon review of the pathology records, and 615 group-

matched controls with no personal history of cancer and no current breast 

disease based on screening mammography. Cases were sequentially 

ascertained for interview at the time of their diagnosis during 2003 through 

September, 2004 at The Arthur G. James Cancer Hospital and Richard J. 

Solove Research Institute (CHRI), Columbus, Ohio. There were no refusals to 

participate among cases. The controls were ascertained from the 

mammography service of the cancer hospital during the same time period and 

frequency matched to the cases by five-year age interval, race, and place 
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(county) of residence. Controls were sequentially ascertained for each 

matching category resulting in a stratified random sample. Among women 

eligible for participation, 95% completed the questionnaire. 

Critical information on exposure to NSAIDs and other factors were 

obtained utilizing a standardized risk factor questionnaire. The questionnaires 

were administered in person by trained medical personnel prior to definitive 

surgery or treatment for the cases and at the time of screening mammography 

for controls. The data variables collected consisted of demographic 

characteristics, height, weight, menstrual and pregnancy history, family history 

of breast and ovarian cancer, comprehensive information on cigarette 

smoking, alcohol intake, pre-existing medical conditions (arthritis, chronic 

headache, cardiovascular conditions including hypertension, angina, ischemic 

attacks, stroke, and myocardial infarction, lung disease, and diabetes mellitus), 

and medication history including over the counter (OTC) and prescription 

NSAIDs, and exogenous hormones. Regarding selective COX-2 inhibitors and 

other NSAIDs, the use pattern (frequency, dose, and duration), and the type, 

(celecoxib, valdecoxib, rofecoxib, meloxicam, aspirin, ibuprofen, naproxen, 

indomethacin) were recorded. Data on the related analgesic, acetaminophen 

were collected for comparison with selective COX-2 inhibitors and other 

NSAIDs. 

Case-control differences in means and frequencies were checked for 

statistical significance by t-tests and chi square tests, respectively. Effects of 

the selective COX-2 inhibitors as a group were quantified by estimating odds 

ratios and their 95% confidence intervals. Odds ratios were adjusted for age 

and classical breast cancer risk factors (parity, family history, body mass, 

menopausal status, chronic smoking, and regular alcohol intake) by logistic 

regression analysis [13, 14]. Adjusted estimates were obtained for specific 

types of compounds, e.g., over the counter NSAIDs, selective COX-2 

inhibitors, and acetaminophen. Estimates for selective COX-2 inhibitors were 

checked for stability by conducting subgroup analyses by menopausal status, 

family history, and estrogen receptor and human epidermal growth factor 

receptor (HER-2/neu) status. 

 

 

RESULTS 
 

Pertinent characteristics of the cases and controls are given in Table 1. The 

cases exhibited higher frequencies of nulliparity, family history of breast or 
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ovarian cancer, estrogen replacement therapy in postmenopausal subjects, and 

chronic cigarette smoking. As expected, cases and controls had similar 

distributions of age, race, and education. 

 

Table 1. Characteristics of breast cancer cases and controls 

 
Characteristic a Cases (N=323) Controls 

(N=649) 

Age (yrs) 

<50 

50-65 

>65 

Mean (SEM) 

Race 

Caucasian 

All Other 

Education 

< 12 yrs 

12 yrs 

> 12 yrs 

Parity 

Nulliparous 

First Pregnancy <30 yrs 

First Pregnancy >30 yrs 

Family History  

Positive 

Negative 

Body Mass 

BMI < 22 

BMI 22-28 

BMI > 28 

Mean (SEM) 

Menopausal Status 

Premenopausal 

Postmenopausal 

Postmenopausal ERT 

Smoking 

Never smoker 

Ex-smoker 

Current smoker 

Alcohol Intake 

None 

1-2 drinks per week 

> 2 drinks per week 

 

19% 

55 

26 

55.8 ( 0.8) 

 

91 % 

9 

 

12 % 

53 

31 

 

6 % 

83 

11 

 

32 % 

68 

 

23 % 

35 

42 

27.5 ( 0.9) 

 

41 % 

52 

38 

 

35 % 

38 

27 

 

47 % 

36 

17 

 

20 % 

52 

28 

55.2 ( 0.4) 

 

89 % 

11 

 

12 % 

55 

33 

 

 4 % 

89 

7 (p<0.05) 

 

17 %  

83 (p<0.01) 

 

21 % 

39 

40 

27.1 ( 0.7) 

 

47 % 

53  

31 (p<0.05) 

 

32 % 

40 

28 

 

45 % 

35 

20 
a 

Family History: either breast or ovarian cancer among first or second degree female 

relatives; ERT=Estrogen Replacement Therapy for two or more years; Body Mass 

Index = weight (kg) / ht 
2
 (m). 
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Table 2 shows the comparative frequencies of the medications under study 

with odds ratios and 95% confidence intervals. Multivariate-adjusted estimates 

are presented. A significant reduction in the risk of breast cancer was observed 

for daily intake of selective COX-2 inhibitors for two years or more (OR=0.15, 

95% CI=0.08-0.28). Observed risk reductions were consistent for the 

individual COX-2 inhibitors, celecoxib (OR=0.14, 95% CI=0.05-0.43) and 

rofecoxib (OR=0.15, 95% CI= 0.06-0.37). Significant risk reductions were 

also observed for the intake of two or more pills per week of aspirin 

(OR=0.46, 95% CI= 0.32-0.65) and ibuprofen or naproxen (OR=0.36, 95% 

CI=0.21-0.60). Acetaminophen, an analgesic with negligible COX-2 activity 

had no effect on the relative risk of breast cancer (OR=0.98, 95% CI=0.53-

1.82). 

 

Table 2. Odds ratios with 95% confidence intervals for breast cancer and 

selective cyclooxygenase-2 (COX-2) inhibitors, and over the counter 

nonsteroidal anti-inflammatory drugs (OTC NSAIDS) 

 

Compound Cases Controls Multivariate ORd 

(95% CI) 

None/Infrequent Usea 

COX-2 Inhibitorsb 

Celecoxib 

Rofecoxib 

 

OTC NSAIDsc 

Aspirin 

Ibuprofen/Naproxen 

 

Acetaminophen 

 

Totals 

483 

13 

4 

6 

 

91 

67 

24 

 

24 

 

611 

371 

61 

34 

26 

 

162 

109 

53 

 

21 

 

615 

1.00 

0.15 (0.08-0.28) 

0.14 (0.05-0.43) 

0.15 (0.06-0.37) 

 

0.43 (0.25-0.55) 

0.46 (0.32-0.65) 

0.36 (0.21-0.60) 

 

0.98 (0.53-1.82) 

 

 
a No use of any NSAID or analgesic or infrequent use of no more than one pill per week for 

less than one year;  

b COX-2 inhibitors include celecoxib, rofecoxib, valdecoxib, and meloxicam used daily for 

two years or more. 
c Over the counter (OTC) NSAIDs/analgesics used at least two times per week for two years 

or more.  
d Multivariate odds ratios are adjusted for continuous variables (age and body mass) and 

categorical variables (parity, menopausal status, family history, smoking, and alcohol 

intake). 
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Table 3. Odds ratios for selective COX-2 inhibitors and breast cancer by 

strata of risk factors or cell membrane receptors 

 

Characteristic Cases  Controlsa  Multivariate ORb (95% CI) 

Menopausal Status 

Premenopausal 

Postmenopausal 

 

251 

360 

 

289 

326 

 

0.12 (0.04-0.45) 

0.21 (0.11-0.40) 

Family History 

Positive 

Negative 

 

198 

413 

 

106 

509 

 

0.19 (0.06-0.56) 

0.14 (0.06-0.30) 

Estrogen Receptor 

Positive 

Negative 

 

226 

71 

 

-- 

-- 

 

0.24 (0.11-0.51) 

0.05 (0.01-0.82) 

HER-2/neu 

Positive 

Negative 

 

127 

203 

 

-- 

-- 

 

0.26 (0.06-0.72) 

0.17 (0.07-0.44) 
aOdds ratios for cell membrane receptor status (estrogen receptor and HER-2/neu) were 

calculated using the entire control group of women without breast cancer (n=615) .  
bMultivariate odds ratios are adjusted for continuous variables (age and body mass) and 

categorical variables (parity, menopausal status, family history, smoking, and alcohol 

intake). 

 

Table 3 presents risk estimates for COX-2 inhibitors with stratification by 

menopause, family history, estrogen receptor and HER-2/neu status. The 

observed risk reductions were statistically significant and reasonable 

consistent across all strata. Cyclooxygenase-2 inhibitors produced significant 

risk reductions for premenopausal women (OR=0.12), postmenopausal women 

(OR=0.21), women with a positive family history (OR=0.19), women with a 

negative family history (OR=0.14), women with estrogen receptor positive 

tumors (OR=0.24), women with estrogen receptor negative tumors (OR=0.05), 

women with HER-2/neu positive tumors (OR=0.26), and women with HER-

2/neu negative tumors (OR=0.17). 

 

 

DISCUSSION 
 

The results of this epidemiologic investigation reflect a significant risk 

reduction in human breast cancer due to intake of selective COX-2 inhibitors. 

Standard daily dosages of celecoxib (200 mg) or rofecoxib (25 mg) taken for 

two or more years were associated with an 85% reduction in breast cancer risk. 

Effects of the selective COX-2 inhibitors were consistent within subgroups of 
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premenopausal and postmenopausal women, and women with and without a 

family history of breast cancer. 

Furthermore, risk reductions were also evident regardless of cell 

membrane receptors (estrogen receptors and HER-2/neu) measured at the time 

of diagnosis. Comparator NSAIDs with non-selective COX-2 activity (325 mg 

aspirin, 200 mg ibuprofen or 250 mg naproxen) also produced significant risk 

reductions, and it is notable that the effect of ibuprofen, a nonselective NSAID 

with significant COX-2 activity, was similar to that of selective COX-2 

blocking agents. In contrast, acetaminophen did not change the risk of breast 

cancer. 

In general, NSAIDs inhibit cyclooyxgenase which is the key rate-limiting 

enzyme of prostaglandin biosynthesis [15, 16, 17]. Molecular studies show 

that the inducible COX-2 gene is over-expressed in human breast cancer and 

that COX-2 genetic expression in cancer cells is correlated with mutagenesis, 

mitogenesis, angiogenesis, and deregulation of apoptosis [18, 19, 20]. Over the 

counter NSAIDs have consistently shown antitumor effects in animal models 

of carcinogenesis [21], and in recent studies, striking antitumor effects of the 

specific COX-2 inhibitor, celecoxib, have been observed against breast cancer 

[22]. In breast cancer cells, COX-2 over-expression is also associated with 

CYP-19 P-450arom genetic expression and local estrogen biosynthesis [23, 24, 

25]. The current study coupled with existing preclinical and molecular 

evidence suggest that aberrant induction of COX-2 and up-regulation of the 

prostaglandin cascade play a significant role in mammary carcinogenesis, and 

that blockade of this process has strong potential for intervention. 

Enthusiasm for the use of selective COX-2 blocking agents in the 

chemoprevention of breast cancer and other malignancies has been tempered 

by reports of adverse effects on the cardiovascular system leading to the recall 

of popular anti-arthritic compounds, rofecoxib (Vioxx) and valdecoxib 

(Bextra). However, such studies involved supra-therapeutic dosages given 

over long periods of time without consideration of body size or individual 

differences in metabolism [26]. 

 

 

CONCLUSIONS 
 

We observed a significant reduction in the risk of human breast cancer due 

to intake of selective COX-2 inhibitors. Chemopreventive effects against 

breast cancer were associated with recommended daily doses of celecoxib 
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(median dose=200 mg) or rofecoxib (median dose=25 mg) for an average 

duration of 3.6 years. Notably, selective COX-2 inhibitors (celecoxib and 

rofecoxib) were only recently approved for use in 1999, and rofecoxib (Vioxx) 

was withdrawn from the marketplace in 2004. Nevertheless, even in the short 

window of exposure to these compounds, the selective COX-2 inhibitors 

produced a significant (85%) reduction in the risk of breast cancer, 

underscoring their strong potential for breast cancer chemoprevention. 
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