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Abstract 

Background 

Case–control studies may be affected by recall bias, which arises from differential reporting of 

exposure between cases and controls. Beliefs about disease causation in case–control study 

participants may contribute to recall bias.   

Aims 

The aim of this research project was to examine the interrelationship between recall bias, self-

reported exposure to breast cancer risk factors, and beliefs about disease causation in a breast 

cancer case–control study.  

Methods 

The project used data from the Breast Cancer, Environment and Employment Study (BCEES), 

which was a population-based case–control study. Participants in the study completed a 

Lifestyle and Environment Questionnaire, in which they reported their lifetime exposure to a 

range of factors, including occupational history, use of hormone replacement therapy, sleep 

patterns, lifestyle, and environmental factors. Most study participants also completed a Risk 

Perception Questionnaire, in which they reported their beliefs about the effect on breast cancer 

risk of 37 specified exposures. Over one third of participants were assigned to and underwent a 

telephone interview about shift work history; some participants were interviewed before 

reporting their beliefs about disease causation, while others reported their beliefs before being 

interviewed. 

This research project: 

• Described BCEES participants’ beliefs about disease causation as reported in the Risk

Perception Questionnaire;

• Investigated whether women’s awareness of known risk factors differed by disease

status and demographic factors;

• Investigated whether pre-existing beliefs about shift work risk were associated with

self-reported shift work, and whether this association differed by disease status;

• Investigated whether participating in a detailed telephone interview about shift work

was associated with an increased likelihood of believing that shift work causes breast

cancer, and whether this association differed by disease status; and



• Investigated whether the association between breast cancer and certain known risk

factors (combined hormone replacement therapy, alcohol, and body mass index) was

modified by participants’ beliefs about the effect of those factors on breast cancer risk.

Results 

Participants in the BCEES study had several misconceptions about breast cancer risk factors, 

particularly in relation to alcohol and specific alcoholic beverage types. Older women and less 

educated women were more likely to hold misconceptions about known risk factors. Awareness 

of known risk factors was not associated with case–control status. 

For women who reported beliefs before being interviewed, a pre-existing belief that shift work 

increased breast cancer risk was associated with an increased likelihood of reporting having 

ever worked shifts and reporting a longer duration of shift work; however, this effect was 

observed only for cases and not for controls. For women who were interviewed before reporting 

belief, participation in a telephone interview about shift work was not associated with an 

increased likelihood of believing that shift work increased breast cancer risk, regardless of the 

number of interview questions that were asked. These results suggest that observed differences 

in reported belief by disease status were due to exposed cases being more likely to believe that 

exposure causes disease, rather than resulting from recall bias.  

Among women who did not believe that HRT increased breast cancer risk, the use of combined 

HRT had a non-significant protective effect on breast cancer; in contrast, use of combined HRT 

was associated with an increased risk of breast cancer in women who believed that HRT 

increased risk. Given that combined HRT is an established breast cancer risk factor and that 

previous research has shown women report ever use of HRT reasonably accurately, these results 

may be due to exposed cases believing that exposure increases risk.   

No association was found between breast cancer and alcohol or body mass index, despite the 

fact that these are established risk factors; as such, the results for these factors are inconclusive.  

Conclusion 

Public health initiatives should focus on the need to increase awareness of modifiable breast 

cancer risk factors such as alcohol consumption, particularly among less educated and older 

women. 

Beliefs about disease causation did not necessarily drive participants in the BCEES case–control 

study to under– or over-report exposure; rather, beliefs about disease causation may have 

developed from the combination of exposure and diagnosis. 
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1 

Introduction and background1.

This chapter provides an introduction and background to the thesis. It begins by summarising 

the epidemiology of breast cancer and its association with the risk factors that are discussed in 

more detail in Chapters Three through Six. A summary of women’s knowledge and awareness 

of these risk factors is provided. This chapter then describes the ways in which recall bias may 

lead to misclassification in case–control studies, and presents several different methodologies 

for addressing recall bias. A summary of the chapters and their key aims and objectives is then 

presented.  

For the purposes of this thesis, the term “breast cancer” refers to breast cancer in females only, 

unless stated otherwise. 

1.1 Breast cancer 

Breast cancer occurs in the ducts or lobules of the breast. It is the most commonly diagnosed 

cancer in women, accounting for more than a quarter of all cancers worldwide, and is the most 

common cancer cause of death1 (Figure 1.1). Compared with other cancer types, breast cancer 

has a relatively low fatality rate1. However, due to its high incidence rate it remains the primary 

cause of cancer mortality, and it constitutes the leading cause of disability–adjusted life years2 

in females globally. 

Figure 1.1: Female cancers worldwide (Globocan 2012) 
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In Australia, breast cancer is the most commonly diagnosed cancer in women3. In 2013, there 

were 15,902 incident breast cancer cases in women, comprising 29% of female incident cancers 

in Australia3, and equivalent to an age–standardised incidence rate of 123 per 100,000 women4. 

There were 2814 female deaths from breast cancer in 2014, equivalent to an age–standardised 

mortality rate of 20 per 100,000 women. In Australian women, breast cancer is the largest 

contributor of all cancer types to burden of disease in disability–adjusted life years and ranks as 

the ninth most burdensome of any disease type5. 

1.1.1  Breast cancer risk factors 

Established risk factors for breast cancer include older age, family history, breast density, and 

reproductive factors such as age at menarche and parity1 6. Other factors known to increase 

breast cancer risk include alcohol consumption, combined oestrogen–progestogen hormone 

replacement therapy, oestrogen–progestogen contraceptives, and ionising radiation1 7. Lifestyle 

risk factors for breast cancer include being overweight in postmenopausal women and a lack of 

physical activity8. There is also evidence that tobacco smoking, oestrogen hormone replacement 

therapy, and shift work involving circadian disruption may increase breast cancer risk7.  

This thesis focuses on several breast cancer risk factors, namely shift work, hormone 

replacement therapy, alcohol consumption, and, in postmenopausal women, being overweight 

or obese. The associations between breast cancer and these risk factors are described briefly 

below and are discussed in greater detail in the relevant chapters.  

Shift work and breast cancer 

In 2007, the International Agency for Research on Cancer (IARC) classified shift work 

involving circadian disruption as a Group 2A probable breast carcinogen9. The IARC 2010 

monograph in 2010 further described the association between circadian disruption, shift work, 

and breast cancer, and cited several studies in which elevated breast cancer risk was associated 

with increased exposure to and duration of shift work10. Since then, there have been a number of 

studies on the association between shift work and breast cancer, with differing results. A 

systematic review and meta-analysis of sixteen studies found that the risk of breast cancer was 

increased by 9% per five years of shift work (OR=1.09, 95% CI: 1.01, 1.20) for case–control 

studies, but not for cohort studies (OR=1.01, 95% CI: 0.97, 1.05); the authors concluded that 

there was insufficient evidence for either the presence or absence of an association between shift 

work and breast cancer, and they suggested that further prospective cohort studies were 

needed11. A recent meta-analysis of ten prospective studies found that the risk of breast cancer 

was not increased among women who ever worked shifts (OR=0.99, 95% CI: 0.95, 1.03), or 

among women who did shift work for a long duration (OR=1.01, 95% CI: 0.93, 1.10 for 20+ 

years; OR=1.00, 95% CI: 0.87, 1.14 for 30+ years) 12. 
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The definition of shift work varies widely in different context and countries, and may mean 

virtually any arrangement of working hours that do not fall between 7am and 6pm, or hours that 

are irregular, flexible or unusual10. Shift work may affect workers’ health by disrupting the 

circadian rhythm or by inducing sleep deprivation. Tolerance to shift work may further be 

affected by individual characteristics, such as age and gender, social conditions, working 

conditions and family and living conditions10. In addition, some lifestyle factors such as 

smoking and diet—including consumption of alcoholic beverages—may confound or modify 

the association between shift work and breast cancer10. 

Combined oestrogen–progestogen hormone replacement therapy and breast cancer 

Oestrogen–progestogen hormone replacement therapy—also known as combined hormone 

replacement therapy or combined HRT—is an established Group 1 carcinogen for breast 

cancer7. The risk of breast cancer may be as much as doubled for current users of combined 

HRT (RR=2.00, 95% CI: 1.91, 2.09)13 and may increase with prolonged duration of use13, but 

decrease with time since HRT use ceased14. The relationship between combined HRT and breast 

cancer is complex, and may be modified by other factors including age at first exposure, 

duration of use, time since cessation, menopausal age, and body weight13-17.  

Alcohol consumption and breast cancer 

Alcohol is a known carcinogen for breast cancer7 18. Increased alcohol consumption is 

associated with increased breast cancer risk, regardless of the type of alcoholic beverage 

consumed or the timing of consumption18 19. A recent meta-analysis found an increased breast 

cancer risks of 61% for heavy drinkers (RR=1.61, 95% CI: 1.33–1.94) and of 23% (RR=1.23, 

95% CI: 1.19–1.28) for moderate drinkers19. 

Body weight and breast cancer 

Obesity in postmenopausal women is an established breast cancer risk factor20-22. For 

postmenopausal women, the risk of breast cancer increases by twelve per cent (RR=1.12, 95% 

CI: 1.08–1.16) for every 5kg/m2 increase in Body Mass Index (BMI)22 23. Conversely, amongst 

premenopausal women, excess body weight may have a protective effect (RR=0.92 for every 

5kg/m2 increase in BMI, 95% CI: 0.88–0.97), although the direction of this association may be 

modified by ethnicity22 23. 

1.2 Risk perception and breast cancer 

Knowledge of known risk factors 

Women’s knowledge of and beliefs about risk factors for breast cancer have been measured in a 

number of studies in different populations, including in Australia24-27, the United Kingdom28-30, 
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the United States31-35, and Europe36-38. These studies have shown that women have varying 

degrees of awareness about established breast cancer risk factors, with good awareness of some 

factors and in some populations, and poor awareness of other factors and in other populations. 

Despite the differences across populations and studies, a common finding is that women 

frequently believe that breast cancer risk is increased by factors for which there is no evidence 

of effect. In addition, studies have shown that many women rate these factors as more important 

in increasing risk than established risk factors 24 27 29 32-34 36, such as alcohol consumption or 

being overweight. 

Women’s awareness of the effects of hormone replacement therapy, alcohol, and excess body 

weight on breast cancer risk are described in the relevant chapters in this thesis. There are 

minimal data to date about women’s awareness of shift work as a breast cancer risk factor. 

1.3 Recall bias 

1.3.1 Recall bias in case–control studies 

Recall bias is frequently described as a limitation of case–control studies39-43. The premise of 

recall bias is that because cases report their exposure to risk factors of interest after the disease 

outcome is known, they may ruminate upon the aetiology for their disease and modify their 

reported exposure accordingly39 41 42 44. Likewise, controls may be inclined to forget or omit past 

exposures, having not had reason to reflect upon them as possible causes of disease. Thus, recall 

bias may lead cases or controls to systematically over– or under-report their exposure, thereby 

resulting in differential misclassification. As Rothman et al. note, the increased recollection 

among cases—which may be true or false—can result in “higher sensitivity or lower specificity 

among cases relative to controls”41. In such a scenario, were no other forms of misclassification 

to be present, the systematic overestimation of exposure amongst cases (but not controls) could 

lead to spurious or inflated estimations of the association between exposure and disease. 

However, in reality, as Rothman et al. further describe, other non-differential forms of 

misclassification that occur alongside recall bias can overwhelm the effect of recall bias and 

produce results that bias toward the null41.  

Misclassification resulting from recall bias may not always occur in a consistent or expected 

way41. Although recall bias can result from cases over-reporting their exposure due to 

rumination upon the aetiology for their disease, it may also lead to selective non-disclosure or 

under-estimation of exposure by cases. One such example is in case–control studies of 

congenital malformations, which are often cited as archetypal examples of recall bias41 42. 

Mothers of malformed infants may be more likely than controls to recall their exposure to 

potential teratogens, as a result of ruminating upon the possible reasons for their infant’s 

malformation41 42. However, other factors such as social desirability bias may reverse the 

expected direction of recall bias. For example, case mothers of infants with adverse birth 
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outcomes may actually be more likely than controls to under-report modifiable risk factors such 

as alcohol consumption or smoking during pregnancy45 46.  

A similar effect may also occur in case–control studies of exposures that are protective against 

adverse birth outcomes, such as in studies of the association between folic acid intake and 

neural tube defects (NTDs)47 48. A study conducted by Werler et al48 found that the protective 

effect of folic acid on risk of NTDs was stronger among mothers who were unaware of the 

association between folic acid and NTDs, compared with women who were aware of this effect. 

Bower et al47, in a study of folic acid and NTDs, noted that more case mothers than control 

mothers reported taking small amounts of folic acid daily in the periconceptional period. The 

authors suggested that, given the protective effect of folic acid against NTDs is well-established, 

case mothers been more likely than controls to over-report their folic acid supplementation. 

Thus, case–control studies may be limited by both the potential for recall bias and the fact that 

the direction or effect of this bias cannot always be anticipated.  

1.3.2 Addressing recall bias in case–control studies 

Epidemiologists have proposed a number of methods for minimising and addressing recall bias 

in case–control studies. These include conducting nested case–control studies wherein exposure 

is measured before disease outcome is known; designing the self-report survey instrument so 

that it minimises differential recall among cases and controls; using affected controls; and 

validating self-reported exposure against “true” exposure measured by gold standard tools. 

These methods for addressing recall bias are summarised below. 

Prospective study designs 

Prospective study designs, such as nested case–control studies, may eliminate or mitigate the 

effect of recall bias. For example, long-running prospective studies such as the Nurses’ Health 

Study49 enable researchers to examine the association between occupational or environmental 

exposures and breast cancer by using a nested case–control study design. Recall bias is 

minimised because participants have reported exposure prior to any disease diagnosis. Although 

such study designs offer opportunities for ascertainment of exposure that is unmodified by recall 

bias, they may be unsuitable for rare diseases or for newly discovered or emerging risk factors, 

for which exposure data may not have been collected from the outset of the study.  Additionally, 

they require the formation of a suitable cohort willing to engage in ongoing and potentially 

long-term study participation. 

Format of questionnaire or interview 

Survey instruments have the potential to affect the comprehensiveness of self-reported exposure 

data. For example, a study of parental occupational exposures and childhood neuroblastoma 

found that case parents were more likely to volunteer unprompted information than control 
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parents, but the comprehensiveness of exposure data obtained was similar when using prompted 

questions50. The authors suggest that in order to minimise recall bias, case–control studies 

should use “structured questions with prompts”, rather than open-ended questions50. A case–

control study of birth defects and maternal medication during pregnancy similarly found that 

prompted, structured interview questions elicited a higher ascertainment of medication history 

than open-ended questions51. 

Measuring self-reported exposure against “true” exposure using gold standard data 
collection methods 

In certain study designs, self-reported exposure can be compared with or validated against 

“true” or gold standard exposure, which may be ascertained for a subset of the study 

population41 52. This information can then be used to calculate and correct for any bias resulting 

from misclassification across the broader study population. However, this method may be 

unsuitable for diseases such as cancer where there may be a long duration of relevant exposure, 

making it difficult to obtain comprehensive “true” exposure data. Likewise, exposure to 

carcinogens—particularly occupational exposures—may have a long latency period of up to 

several decades1 and this similarly reduces the feasibility of ascertaining “true” exposure.  Some 

of the ways in which “true” exposure can be ascertained in order to measure recall bias are 

detailed below. 

Several studies have validated medical history or use of medication data by comparing self-

reported data with physician or pharmaceutical records53-56. However, the feasibility of doing so 

depends largely on the duration of exposure and latency period. For example, in case–control 

studies of adverse birth outcomes there is a short duration between relevant exposure and 

outcome, meaning that there is a limited amount of data to be validated; this is aided by the fact 

that women often receive prenatal medical care for which recent records can be accessed. Thus, 

for example, postpartum self-reported medication exposure can be validated against “true” 

medication exposure that was collected prenatally in order to assess whether an adverse birth 

outcome affected the reliability of mothers’ recall57. However, this approach is less practicable 

for diseases such as cancer for which relevant exposure may have a long latency or duration. 

Accessing medical records over a long duration may be difficult, particularly if the patient has 

resided in multiple jurisdictions or even different countries, and has consulted different medical 

practitioners and specialists. Moreover, validated data may be limited to medications or medical 

procedures and common risk factors such as smoking. Additionally, exposure to medication 

captured from medical records is not necessarily accurate, as these data only indicate which 

medications were prescribed, and not whether those prescriptions were filled. Although national 

pharmaceutical data may be available in certain countries, such as through the Pharmaceutical 

Benefits Scheme in Australia, these data only show that a patient has filled a prescription, but 
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do not indicate whether the patient complied with the prescribed dosage or took the medication 

at all58 59.  

A further issue with this method of measuring recall bias is that both hospital60 and medical 

records may be inaccurate, particularly as the data are collected for a purpose not related to 

epidemiological study. While non-differential inaccuracy across all medical records would 

usually—although not always44—result in bias that tends towards the null, this would not be so 

if the accuracy of medical records systematically differed between cases and controls. It is 

plausible that medical records could differ by disease status, if medical professionals updated 

their records more thoroughly for cases than controls55. For example, a physician might seek 

and obtain more detailed information about exposure to relevant risk factors during the 

diagnostic process if they suspected a patient of having a particular disease.  

In addition to medical and pharmaceutical exposure data, validation may also be used for data 

on family history of disease. For studies in which participants self-report their family history of 

disease, these data may be validated against mandatorily reported cancer registry data and other 

data collections. For example, a Scottish study measured self-reported family history of 

colorectal cancer among cases and controls and validated it against cancer registry data using a 

national data linkage system61; the authors found that the accuracy of family history reporting 

was similar among cases and controls61. Similarly, a US nested case–control study of breast 

cancer noted that self-reported accuracy of maternal breast cancer did not differ by case–control 

status62. In contrast, a Swedish study of lymphoma that compared self-reported family history of 

cancer with data from national cancer and family registers found that the sensitivity of recall 

was significantly higher for cases than for controls (0.80, 95% CI: 0.77, 0.82 for controls; 0.85, 

95% CI: 0.83, 0.87 for cases)63. The authors also estimated the association between family 

history of cancer and lymphoma separately for self-reported and cancer register data. They 

reported that the odds ratios for disease were uniformly higher when using self-reported family 

history, which they suggest is indicative of recall bias63.    

A range of other methods for validating self-reported exposure can be used in case–control 

studies, including the use of bioassays (such as to measure pesticide exposure from serum64 or 

nicotine exposure from urine cotinine65); network operator records to validate self-reported 

mobile phone usage66, or company records to validate self-reported occupational exposures67. 

Many of these methods have limitations: for example, bioassays may be irrelevant if exposure is 

measured after diagnosis rather than at the time of disease initiation64, or inaccurate if the assays 

only reflect exposure over a short duration65, while access to multiple company records may be 

unfeasible for long-term cross-jurisdictional exposures.  



Chapter 1 

8 

Use of affected controls 

Recall bias may be measured by using affected controls, whose disease is known to be unrelated 

to the exposure of interest. In this method, the observed association between exposure and 

outcome for affected controls—which should in theory be null, but may be inflated if affected 

controls over-report exposure due to recall bias—can then be used to measure the extent to 

which recall bias is likely to have occurred68 69. This method is frequently used for studies of 

periconceptional exposures and congenital malformations, with affected controls typically 

comprising infants born with anomalies such as cleft palate70 or Down syndrome71 that are not 

known to be associated with the exposure of interest. The mothers of affected controls may, like 

the mothers of cases, be more likely to ruminate upon and consequently over-report any 

exposure to potential teratogens than the mothers of unaffected controls.  

However, while this method is useful for measuring recall bias in case–control studies of 

adverse birth outcomes, as with other methods, it is less feasible for case–control studies of 

complex diseases such as cancer, for which it may be difficult to find subjects with comparable 

illnesses72. In addition, the use of affected controls introduces the potential for selection bias, 

wherein there are systematic differences between cases, unaffected controls, and affected 

controls in terms of other confounding factors that may affect the study outcome and lead to 

biased results68. 

1.3.3 Using participants’ awareness of risk factors to test for recall bias 

As noted above, recall bias can be minimised by using a prospective study design and 

appropriate survey instruments, or adjusted for by validating self-reported exposure against gold 

standard measurements of exposure or that of affected controls. However, depending on the 

disease and exposure of interest, these methods may not be logistically or economically feasible 

for all case–control studies. This is particularly the case for studies of cancer, where there may 

be a long duration and latency period of relevant exposure that is difficult to accurately measure 

or validate. For this reason, several studies have measured participants’ beliefs or awareness 

about the association between risk factors and disease, and then used this information to assess 

recall bias47 48 73-75. Recall bias is predicated on the assumption that participants differentially 

recall past exposure dependent upon their disease status. It is reasonable to therefore assume 

that participants would hold beliefs about the relationship between exposure and disease that 

would drive that differential recall, and that these beliefs may differ by disease status. A case 

who ruminates upon the possible reasons for her disease and over-reports a particular exposure 

accordingly would presumably believe that this factor was associated with increased risk of 

disease. Measuring whether the association between exposure and disease differs by 

participants’ knowledge of disease aetiology may therefore shed some light on whether belief 
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plays a role in the accuracy or direction of self-reported exposure, particularly when examining 

the association between established risk factors and disease.  

Several studies have taken this approach and have examined the role of participants’ beliefs in 

the association between exposure and disease. Zota et al., in a case–control study of self-

reported chemicals exposure and breast cancer75, evaluated recall bias by asking participants to 

report their beliefs about the contributing role of chemicals and pollutants to breast cancer; they 

then included an interaction term between beliefs and cleaning product use in logistic regression 

models, as well as stratifying odds ratios for exposure and disease by belief. The authors 

reported that, for certain exposures such as cleaning product use, the odds ratios for exposure 

and disease were elevated amongst women who thought that exposure contributed to breast 

cancer (for the highest quartile of cleaning product use: OR=3.2, 95% CI: 1.8, 5.9 for women 

who thought it contributed “a lot”; OR=1.2, 95% CI: 0.6, 2.6 for women who did not think it 

contributed).  Shaw et al. used a similar methodology in a case–control study of maternal water 

consumption and congenital cardiac anomalies conducted in an area with contaminated 

groundwater74. The authors presented the odds ratios for the association between tap water and 

cardiac anomalies, stratified by maternal beliefs about the degree of tap water contamination 

and about the effect of contamination on birth defects; they noted that the association between 

exposure and outcome differed in magnitude and direction according to women’s beliefs.   

Other case–control studies with outcomes including neural tube defects45 and melanoma66 have 

used a similar methodology in measuring whether the association between exposure and disease 

differs in magnitude or direction after stratification by participants’ beliefs about the effect of 

exposure on disease.  In a case–control study of pesticide exposure and Parkinson’s disease 

reported by Rugbjerg et al76, the authors presented two sets of results. The logistic regression 

models used for the first set of results included only exposure to pesticides and confounders, 

whereas the models used in the second set also included a variable for participants’ beliefs about 

disease causation; the authors suggested that the differing odds ratios across the two sets of 

results could be due to recall bias.  

In a study of the association between maternal folic acid supplementation and risk of neural tube 

defects, Werler et al. stratified results by mothers’ awareness of the effect of folic acid 

supplementation48. They then provided detailed research findings only for women who were 

unaware of the hypothesised protective effect of folic acid supplementation on the risk of neural 

tube defects, thereby, they claim, minimising the potential for recall bias48. However, this 

approach was criticised by several authors who noted that the exclusion of participants who 

were aware of the association between risk factors and outcome not only reduced the number of 

subjects for analysis, but also did not account for the fact that cases’ beliefs about disease 

causation may be modified by their exposure and disease status77 78.   
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1.4 Aims and contents of the thesis 
As described above, several studies have measured the beliefs of case–control study participants 

as a means for elucidating the role of recall bias in self-reported exposure. This research project 

examined recall bias and beliefs about disease causation in a case–control study of breast cancer 

and environmental risk factors. The project used data from the Breast Cancer, Environment and 

Employment Study (BCEES), which was a population-based breast cancer case–control study in 

Western Australia conducted from 2009 to 2011. The women who participated in the 

BCEES completed a Lifestyle and Environment Questionnaire (LEQ, Appendix 8.1) in 

which they reported their exposure to various environmental and employment risk factors for 

breast cancer. The majority of participants also completed a Risk Perception Questionnaire 

(RPQ, Appendix 8.2), in which they rated the effect of various exposures on the risk 

of breast cancer. Approximately one third of participants also participated in a telephone 

interview in which they reported their occupational history of shift work (Appendix 8.3). 

The overall aim of this research project is to investigate the interrelationship between recall 

bias, self-reported exposure to breast cancer risk factors, and beliefs about disease causation. 

The specific aims and topics of each chapter are described below. 

Chapter 1: Introduction and background 

This chapter has described the epidemiology of breast cancer and its association with the risk 

factors discussed in this thesis (shift work, hormone replacement therapy, alcohol consumption, 

and body weight). It has also reviewed methods for measuring and adjusting for recall bias in 

case–control studies that use self-reported data. 

Chapter 2: Methods 

This chapter summarises the methods used in this thesis and provides a description of the 

BCEES study protocol and its participants. It aims to describe in detail the study population and 

procedures used in the BCEES study. 

Chapter 3: Women’s beliefs about breast cancer causation in a breast cancer case–
control study 

This chapter presents an article published in Psycho-Oncology, which describes BCEES 

participants’ beliefs about breast cancer risk factors as detailed in the Risk 

Perception Questionnaire (Appendix 8.4). This chapter aims to: 

• Describe BCEES participants’ beliefs about the effect of specified exposures on breast

cancer risk and measure whether these differ between cases and controls; and
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• Measure the extent to which breast cancer diagnosis, sociodemographic factors (including

age, education, and country of birth), and family history of breast cancer affect BCEES

participants’ awareness of known breast cancer risk factors.

Chapter 4: Self-reported shift work, recall bias, and belief about disease causation in a 
case–control study of breast cancer 

This chapter presents an article published  in Cancer Epidemiology (Appendix 8.6). 
It investigates the relationship between breast cancer, shift work, recall bias, and study 

participation. Specifically, it aims to: 

• Measure the association between self-reported shift work and women’s pre-existing belief

about the risk of shift work on breast cancer risk, and assess whether this association differs

systematically between cases and controls; and

• Measure the extent to which, if at all, participating in a telephone interview about

occupational shift work history is associated with an increased likelihood of believing that

shift work increases breast cancer risk, and whether this association differs systematically

between cases and controls.

Chapter 5: Self-reported use of combined hormone replacement therapy and belief 
about disease causation 

This chapter examines whether the association between combined oestrogen–progestogen 

hormone replacement therapy (HRT) and breast cancer in the BCEES population is modified by 

participants’ beliefs about the effect of HRT use on breast cancer risk. This chapter aims to: 

• Investigate whether BCEES participants’ beliefs about the risk of hormone replacement

therapy (HRT) modifies the association between self-reported HRT use and breast cancer.

Chapter 6: Self-reported exposure and beliefs about disease causation for alcohol and 
body weight 

This chapter examines the association between alcohol consumption and breast cancer in 

BCEES participants, including all alcohol types, as well as red wine and beer. It assesses 

whether this association is modified by participants’ beliefs about the effects of these exposures 

on breast cancer risk. It also measures the association between breast cancer and current BMI 

and assesses whether this association is modified by BCEES participants’ beliefs about the 

effect of being overweight or obese on breast cancer risk. This chapter aims to: 

• Investigate whether BCEES participants’ beliefs about the risk of alcohol consumption—for

alcohol generally and for specific beverage types—modify the association between self-

reported alcohol consumption and breast cancer; and
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• Investigate whether BCEES participants’ beliefs about the risk of being overweight or obese

modify the association between body mass index (derived from self-reported height and

weight) and breast cancer.

Chapter 7: Discussion 

In this chapter the findings from Chapters Three through Six are synthesised. Conclusions are 

drawn about the implications of these findings in terms of public health strategies and research 

methodology.  
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Methods2.

2.1 Breast Cancer, Environment and Employment Study (BCEES) 
The project uses data from the Breast Cancer, Environment and Employment Study (BCEES), 

which was a population-based case–control study, funded by the National Health and Medical 

Research Council (NHMRC), #572530. 

2.1.1 Study population 
Cases comprised women residing in Western Australia (WA) whose incident breast cancer 

(ICD–10, C50) was reported to the Western Australian Cancer Registry between 1st May 2009 

and 31st January 2011, and who were between 18 and 80 years old at the time of diagnosis. 

Cases were recruited between three to six months after the date of tumour diagnosis. Controls 

were women aged between 18 and 80 years old, who lived in WA and had not previously been 

diagnosed with invasive breast cancer. Cases were excluded if they were residing outside WA, 

had been diagnosed with ductal carcinoma in situ, or if the pathology date of the tumour was 

greater than six months prior to recruitment. Both cases and controls were excluded if sufficient 

morbidity or an insufficient English language precluded them from completing the 

questionnaire.  

2.1.2 Study participation 
Participants were initially sent a letter of invitation, an information brochure, and the Lifestyle 

and Environment Questionnaire (LEQ, Appendix 8.1). Participants were also sent a 

consent form in which they could agree to study participation with or without DNA 

collection. In the LEQ, women reported their lifetime exposure to a range of factors, 

including occupational history, reproductive history, lifestyle, physical activity, sleep 

patterns, and environmental exposures. After having returned the LEQ, participants 

were sent the Risk Perception Questionnaire (RPQ, Appendix 8.2). For individuals who 

consented to DNA collection, the RPQ was sent with a DNA saliva collection kit.  

Risk Perception Questionnaire 

The RPQ (Appendix 8.2) asked participants to rate the extent to which they believed that 37 

individual items had any effect on the risk of being diagnosed with breast cancer. The 37 items 

in the RPQ were selected based upon a previous study of public perceptions of cancer risk 

factors in Western Australian adults79. The items included established breast cancer risk factors; 

lifestyle and environmental factors related to the primary hypotheses of the BCEES study such 

as shift work; risk factors for other cancer types; exposures commonly believed by the general 
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population to increase cancer risk, but which were not known risk factors; and factors unlikely 

to affect risk of cancer.  

Participants rated the items as to how they believed each one would change the risk of breast 

cancer (“Increase a lot”, “Increase a little”, “Decrease a little”, “Decrease a lot”, “No effect”, 

and “Don’t know”). For analysis, responses for “Increase and lot” and “Increase a little” were 

grouped together, as were responses for “Decrease a little” and “Decrease a lot”. The RPQ also 

included an open text response, which asked cases “What do you believe caused your breast 

cancer?” and asked controls “What do you believe causes breast cancer?”, the responses to 

which have previously been reported80.  

Telephone interviews 

BCEES participants’ responses to the occupational history questions in the LEQ were assessed 

against the Occupational Integrated Database Exposure Assessment System (OccIDEAS)81. The 

OccIDEAS included a number of occupations that were classified as having exposure to risk 

factors relevant to BCEES. These included: barber, chef, cleaner, dry cleaner, electrician, 

farmer, flight attendant, forklift driver, frequent flyer, gardener, health worker, laboratory 

worker or chemist, mechanic, painter, petrol station attendant, shift worker, teacher, and welder. 

BCEES participants who reported one or more jobs that corresponded with any of these were 

invited to participate in a telephone interview. During the telephone interview, detailed 

information was sought from participants about the industry, tasks and exposure to agents 

involved for each job that was potentially associated with main exposures of interest. Most of 

the 1529 women (82.1%) who were interviewed were asked about exposures for between one 

and three specific occupations. Of the women who were interviewed about multiple 

occupations, the majority (94.5%) underwent all their interviews on the same day.  

Participants were selected to undergo interviews specifically about shift work history on 

the basis of their responses to the occupational history section of the LEQ (Appendix 8.1, 

Section E, pp.16–21). Participants who responded positively to the question “Did this job 

involve night work, shift work, or work at unusual hours?” for one or more jobs were invited to 

participate in a telephone interview about shift work. Participants who responded negatively 

to this question but whose profession was likely to have involved shift work—such as nurses, 

drivers, cleaners or laboratory workers—were also invited to participate in a shift work 

interview. Interviewees were asked up to 29 questions about the patterns and duration of 

shift work for each job (Appendix 8.3). If women had multiple jobs involving shift work, up 

to five jobs were chosen for the interview. The five jobs selected were those that were the 

longest held or the most different from other job types.  
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2.1.3 BCEES exposure variables 
This thesis discusses several exposures that were measured in the BCEES study, namely shift 

work, hormone replacement therapy, alcohol consumption, and body mass index. The 

ascertainment of these exposures is described briefly below and in detail in the relevant chapters 

of this thesis.  

Shift work 

Participants were deemed as having ever done shift work if they responded positively to the 

shift work interview question “Does/did your usual roster ever include work between the hours 

of midnight and 5am?” for one or more jobs. If participants responded negatively to this 

question they were deemed as not having ever done shift work, irrespective of their LEQ 

response to the question “Did this job involve night work, shift work, or work at unusual 

hours?” (Appendix 8.1, Section E, Q46, pp.16–21).  

Hormone Replacement Therapy 

Exposure to use of hormone replacement therapy (HRT) was ascertained from participants’ 

responses to the LEQ questions about menstruation and hormone replacement therapy 

(Appendix 8.1, Section D, Q40 and Q44, pp.13–15). Participants were classified as never used 

HRT, used combined oestrogen–progestogen HRT, or used other forms of HRT, including 

oestrogen–only and over-the-counter types. Women who used multiple forms of HRT that 

included oestrogen–progestogen types were classified as having ever used combined HRT.  

Alcohol consumption 

Exposure to alcohol was measured from participants’ responses to the LEQ (Appendix 

8.1, Section F, Q48–Q50, pp.22–23). Alcohol consumption was calculated as standard drinks 

per week across all alcoholic beverage types. Frequency of drinking was also 

calculated individually for beer and red wine. 

Body Mass Index 

Body mass index was calculated from participants’ height and current weight, as self-

reported in the LEQ (Appendix 8.1, Section F, Q51–Q52, p.23). 

2.1.4 BCEES participants 
A total of 2994 participants completed the LEQ, comprising 1205 (57.8%) of the 2084 eligible 

cases, and 1789 (41.1%) of the 4356 eligible controls (Table 2.1). Of the 2994 women 

who completed the LEQ, 2499 of these (comprising 984 cases and 1515 controls) 

completed all aspects of the study, including RPQ, DNA collection and, if requested, 

telephone interview (Figure 2.1).  
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Figure 2.1: BCEES study population and participation 

The majority of BCEES participants were born in Australia, the United Kingdom, or 

Ireland, and most were aged 45 years or older (Table 2.1). Approximately one fifth of 

participants had completed a university degree or higher (Table 2.1). A higher proportion of 

cases than controls reported a family history of breast cancer (Table 2.1).  

Completion of RPQ 

Of the 2994 participants who completed the LEQ, 2742 (91.6%) completed the 

RPQ, comprising 1109 cases (92.0%) and 1633 controls (91.3%) (Table 2.1). Participants 

were sent the RPQ between two days and 23 weeks (median two weeks) after returning the 

LEQ.  

Completion of shift work interviews 

Of the 2994 BCEES participants, 1308 (44.7%) women underwent telephone interviews 

about shift work history (Figure 2.2). Shift work interviews took place between one and 36 

weeks (median six weeks) after participants returned the LEQ.  
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Table 2.1: Characteristics of BCEES participants, Western Australia, 2009–2011, by case–
control status 

All participants 
(2994) 

Cases 
n=1205 

Controls 
(1789) 

n % n % n % 

Age 
<45 347 11.6 168 13.9 179 10.0 
45–49 378 12.6 175 14.5 203 11.3 
50–54 389 13.0 152 12.6 237 13.2 
55–59 490 16.4 184 15.3 306 17.1 
60–64 515 17.2 193 16.0 322 18.0 
65–69 420 14.0 148 12.3 272 15.2 
70+ 455 15.2 185 15.4 270 15.1 

Country of Birth 
Australia/NZ 1959 65.4 768 63.7 1191 66.6 
UK/Ireland 646 21.6 261 21.7 385 21.5 
Europe 152 5.1 66 5.5 86 4.8 
Asia 131 4.4 64 5.3 67 3.7 
Other 106 3.5 46 3.8 60 3.4 

Highest level of education 
No university degree 2428 81.1 943 78.3 1485 83.0 
University degree or 
higher 566 18.9 304 17.0 262 21.7 

Family history of breast cancer 
No family history 2010 67.1 729 60.5 1281 71.6 
Some family history 675 10.1 302 25.1 373 20.8 
High risk family history 301 22.5 170 14.1 131 7.3 
Missing/unknown 8 0.3 4 0.3 4 0.2 

Completed RPQ 
Yes 2742 91.6 1109 92.0 1633 91.3 
No 252 8.4 96 8.0 156 8.7 

Did shift work interview 
Yes 1308 43.7 553 45.9 755 42.2 
No 1686 56.3 652 54.1 1034 57.8 

Sequence of Risk Perception Questionnaire and shift work interviews 

Of the 2994 BCEES participants, 1219 (40.7%) women completed both the RPQ and 

participated in an interview about shift work, comprising 522 (43.3%) cases and 697 (39.0%) 

controls (Figure 2.2). There was no specified time frame for telephoning participants about 

interviews or sending them the RPQ after researchers received the completed LEQ, so the 

sequence of RPQ completion and interview participation differed non-systematically between 

participants. Of the 1219 participants who both completed the RPQ and underwent shift work 

interviews, the interview sequence could be determined for 761 (62.3%) women (Figure 2.2). 

Of these, 573 (47.0%) women completed and returned their RPQ prior to being interviewed, 

comprising 259 (49.6%) cases and 314 (45.0%) controls (Figure 2.2). Of the 1219 women who 

were interviewed about shift work and who completed the RPQ, 188 (15.4%) women received 

their RPQ after being interviewed, comprising 72 (13.8%) cases and 116 (16.6%) controls 
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(Figure 2.2). The sequence of RPQ and interview could not be determined for the remaining 458 

(37.6%) women, comprising 191 (36.6%) cases and 267 (38.3%) controls. These participants 

included women who received their RPQ prior to interview and returned it after interview; 

women who returned their RPQ between multiple interview dates; and women who returned the 

RPQ on or around the same date as they were interviewed.  

Figure 2.2: Completion of study components by BCEES participants 

2.2 Statistical analysis 

The statistical methods for all analyses are described in their respective chapters. All statistical 

analysis was conducted using Stata 12. 
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Women’s beliefs about breast cancer3.
causation in a breast cancer case–control
study

This chapter presents the following published journal article (Appendix 8.4): 

Lizama N, Rogers P, Thomson A, Slevin T, Fritschi L, Saunders C, et al. Women's beliefs about 

breast cancer causation in a breast cancer case–control study. Psycho-Oncology. 2016;25(1):36–

42. 

3.1 Abstract 
Objective: 

Our study sought to ascertain women’s beliefs about breast cancer risk factors and whether 

these beliefs differed by demographic factors and personal and family history of breast cancer. 

Methods: 

Participants in a case–control study of breast cancer rated the effect of 37 exposures on the risk 

of being diagnosed with breast cancer. Chi-square tests were undertaken to measure differences 

in responses between cases and controls for each exposure. Logistic regression was undertaken 

to ascertain whether demographic factors and personal and family history of breast cancer 

affected participants’ ability to correctly identify known breast cancer risk factors. 

Results: 

A total of 2742 participants completed the questionnaire, comprising 1109 cases and 1633 

controls. Significant differences (p<0.05) between cases and controls were found for 16 of the 

37 exposures. Younger women and university-educated women were more likely to correctly 

identify known breast cancer risk factors. Women’s perceptions about the effect of alcohol 

consumption on breast cancer risk, particularly regarding red wine, differed from that reported 

in the literature. 

Conclusions: 

Beliefs about risk factors for breast cancer may differ between cases and controls. Public health 

initiatives aimed at increasing awareness of breast cancer risk factors should consider that 

women’s beliefs may differ by demographic factors and family history of breast cancer.  

3.2 Introduction 
Breast cancer is the most commonly diagnosed cancer in women, comprising 28% of all female 

cancer cases diagnosed in Australia in 200882. Known risk factors for breast cancer include 
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increased age, a family history of breast cancer, hormonal and reproductive factors, excess 

weight, and alcohol consumption82.  

Several studies have shown that many women have misconceptions about breast cancer risk24 33

34 83. In a survey of 3005 Australian women without breast cancer, Jones et al. found that only 

36% of respondents correctly identified a family history of breast cancer as being a risk factor24. 

In contrast, 55% of respondents identified use of underarm deodorant and 90% identified stress 

as being risk factors for breast cancer24, despite there being little evidence to support either 

association84 85. As the authors note, women’s knowledge of breast cancer risk factors are 

important if beliefs about risk lead to lifestyle modification to reduce cancer risk24. 

Several studies have demonstrated that perceived personal risk of breast cancer and beliefs 

about causal attributions for breast cancer may be associated with family history of cancer and 

sociodemographic factors, such as age, country of birth, ethnicity, socioeconomic status, and 

education level24 26 29 31 33 38. Beliefs about risk factors for breast cancer may also differ according 

to whether women have been diagnosed with the disease. In case–control studies, such 

differences have the potential to introduce systematic bias if self-reported exposure to factors is 

associated with beliefs about the effect of these factors.  

We undertook a study to investigate women’s beliefs about the risk factors for breast cancer, 

using participants from the Breast Cancer, Environment, and Employment Study (BCEES), 

which was a Western Australian case–control study86.  

3.3 Methods 

3.3.1 Participants 

Cases comprised women residing in Western Australia (WA) who had incident breast cancer 

(ICD–10, C50) reported to the WA Cancer Registry (WACR) between 1st May 2009 and 31st 

January 2011, and who were between 18 and 80 years of age at the time of diagnosis. Controls 

were women without breast cancer, randomly selected from the WA electoral roll and frequency 

matched on five–year age groups. Cases and controls were excluded if they could not complete 

the initial questionnaire due to illness or insufficient English.  

Participants were initially sent an invitation letter, an information brochure, a consent form, and 

the Lifestyle and Environment Questionnaire (LEQ). The LEQ asked women to report their 

lifetime exposure to a range of factors, including: occupational history; reproductive history, 

including use of hormone replacement therapy (HRT); sleep patterns; lifestyle; physical 

activity; and environmental factors, such as exposure to pesticides. After returning the LEQ, 

participants were sent the Risk Perception Questionnaire (RPQ), which asked them to rate the 

effect of 37 specified exposures on the risk of being diagnosed with breast cancer.  
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A total of 2994 participants completed the LEQ, comprising 57.8% (1205) of the 2084 eligible 

cases, and 41.1% (1789) of the 4356 eligible controls. Of the 2994 study participants, 2742 

(91.6%) completed the RPQ, comprising 92.0% (1109) of participating cases and 91.3% (1633) 

of participating controls.  

3.3.2 Risk perception questionnaire 

The RPQ asked participants to rate 37 items as to whether these items increased, decreased, or 

had no effect “on the chance of getting breast cancer”. For each of the 37 items, participants 

could choose one of six responses: “Increase a lot”, “Increase a little”, “Decrease a little”, 

“Decrease a lot”, “No effect”, and “Don’t know”. The RPQ also included an open-ended 

question in which participants were asked to state what they believed caused (their) breast 

cancer, the results of which are described elsewhere 80. 

The RPQ exposure items had previously been used in a study of public perceptions of cancer 

risk factors in West Australian adults79. The items included lifestyle and environmental factors 

known to affect the risk of breast cancer (such as alcohol, HRT, and being overweight or obese 
82 87); factors related to the primary hypotheses of the BCEES study (such as shift work, sleep 

patterns and pesticides); factors known to affect the risk of other types of cancer (such as 

asbestos); factors believed by many in the general population to affect the risk of cancer but for 

which there is no evidence of an association with cancer risk; and factors unlikely to affect risk 

of cancer, which were included to test for random responding (Table 3.2). 

3.3.3 Statistical analyses 

Data were analysed using Stata 12 and p<0.05 was considered a statistically significant 

difference. All missing answers (between 0.15% and 0.66% of responses for each item) were 

coded as “Don’t know”. Ratings were combined into four response groups for each of the 37 

exposure items: “Increase” (“Increase a little” and “Increase a lot”), “No effect”, “Decrease” 

(“Decrease a little” and “Decrease a lot”), and “Don’t know”.  

Chi square tests were undertaken to ascertain differences in ratings between cases and controls 

for each exposure. Participants were then stratified by case–control status, and chi-square tests 

were undertaken to ascertain differences in ratings by age group (in ten–year increments), 

education level (university degree vs no university degree), family history of breast cancer (no 

family history, some family history, clear high risk, and unknown/missing), and country of birth 

(Australia/New Zealand, UK/Ireland, Europe, Asia, and other). 

Logistic regression was undertaken to ascertain whether participants’ ability to correctly 

identify factors as increasing or decreasing the risk of breast cancer was affected by a diagnosis 

of breast cancer, education level, age, country of birth, and family history of breast cancer. The 
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RPQ exposures known to affect the risk of breast cancer included risk factors pertaining to 

alcohol consumption (“Alcohol”, “Beer”, “Wine”), reproductive history (“Hormone 

Replacement Therapy”), and excess weight (“Being overweight or obese”), as well as 

one protective factor (“Being physically active”) 82 87. For the five factors that increase the 

risk of breast cancer (alcohol, beer, red wine, being overweight or obese, and HRT), responses 

for “No effect”, “Decrease” and “Don’t know” were grouped together and compared with 

responses for “Increase”. For “Being Physically Active”, responses for “Increase”, “No 

effect” and “Don’t know” were grouped together and compared with responses for “Decrease”.  

Approval for the study was obtained from the Department of Health Western Australia Human 

Research Ethics Committee, project number 2009/28. 

3.4 Results 
Participants completed the RPQ between November 2009 and September 2011. Although 

participants were frequency age matched, breast cancer cases were younger than controls (Table 

3.1). Most participants were born in Australia or New Zealand. Controls were less likely to have 

had a university education. Cases were more likely to report a family history of breast cancer. 

Table 3.1: BCEES participants who completed the RPQ 

Cases 
(1109) 

Controls 
(1633) 

n (%) n (%) p–value* 

Age <0.001 
   ≤49 311 28.0 337 20.6 
   50–59 303 27.3 485 29.7 
   60–69 321 28.9 554 33.9 
   70+ 174 15.7 257 15.7 

Country of Birth 0.224 
   Australia/NZ 700 63.1 1091 66.8 
   UK/Ireland 250 22.5 347 21.2 
   Europe 61 5.5 82 5.0 
   Asia 56 5.0 60 3.7 
   Other 42 3.8 53 3.2 

Highest level of education 0.004 
   University degree or higher 241 21.7 282 17.3 

Family history of breast cancer <0.001 
   No family history 668 60.2 1170 71.6 
   Some family history 281 25.3 340 20.8 
   High risk family history 157 14.2 119 7.3 
   Unknown/Missing 3 0.3 4 0.2 

*Chi-square test for significant differences between cases and controls
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Of the 37 exposures, participants most frequently rated smoking as increasing breast cancer risk 

and being physically active as decreasing risk (Table 3.2). Cases more frequently responded 

“Don’t know” than controls for 35 (94.6%) of the 37 items, the two exceptions being high fat 

food and alcohol. Controls more frequently responded “No effect” than cases for 26 (70.3%) of 

the 37 exposure items. The distribution of response ratings differed significantly between cases 

and controls for 16 (43.2%) of the 37 exposure items (Table 3.2); of these 16 items, 11 items 

were more frequently deemed by controls than cases to increase cancer risk (Table 3.2). 

Table 3.2: Participants' beliefs about the effect of lifestyle, environmental and diet factors on 
increased or decreased risk of breast cancer, ranked by frequency of responses 

RPQ Exposure item 

Established 
risk factor 

or protective 
factor 

for breast 
cancera 

All 
participants Cases Controls 

Ranking % Ranking % Ranking % 

Items likely to be perceived as increasing risk, ranked by percentage of “Increase risk” 
responses  
Smoking* Nob 1 87.3 1 84.7 1 89.2 
Pesticides No 2 83.1 2 82.0 3 83.8 
Passive smoking* Nob 3 82.8 4 79.9 2 84.8 
Stress* No 4 81.3 3 81.6 4 81.1 
Food additives No 5 79.5 5 78.5 5 80.1 
Chemical fumes* No 6 77.5 7 75.2 6 79.1 
High fat food No 7 75.9 6 75.7 7 76.0 
Being overweight or obese Yesc 8 73.5 8 73.9 8 73.2 
Alcohol Yesb 9 70.0 9 71.0 10 69.4 
Asbestos** No 10 67.0 11 62.8 9 69.7 
Hormone replacement 
therapy* Yesb 11 65.5 10 64.4 11 66.3 
Car exhaust fumes No 12 64.0 12 62.8 12 64.8 
High voltage power lines* No 13 62.3 13 58.8 13 64.7 
Mobile phone towers* No 14 59.4 14 55.5 14 62.1 
Mobile phones No 15 55.1 16 52.6 15 56.8 
Beer Yesb 16 54.5 15 53.9 16 54.9 
Artificial sweeteners No 17 52.7 17 51.5 17 53.6 
Barbequed meat No 18 48.9 18 47.6 18 49.8 
Red wine* Yesb 19d 39.4 19 42.4 21 37.4 
Underarm deodorant No 20 39.3 21 37.8 20 40.4 
Salt* No 21 37.9 23 33.8 19 40.7 
Red meat No 22 36.5 22 37.5 22 35.9 
Interrupted sleep 
patterns** Nob 23 35.1 20 40.2 23 31.7 
Coffee* No  24 29.8 25 28.8 24 30.6 
Shift work**  Nob 25 29.4 24 31.7 25 27.8 
Lipstick No 26 11.7 26 11.4 26 11.9 
Loud music* No 27 8.0 27 9.1 27 7.2 
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Table 3.2 (continued) 

RPQ Exposure item 

Established 
risk factor 

or protective 
factor 

for breast 
cancera 

All 
participants Cases Controls 

Ranking % Ranking % Ranking % 

Items likely to be perceived as decreasing risk, ranked by percentage of “Decrease risk” 
responses 
Being physically active Yesc 1 70.1 1 70.4 1 69.9 
Vegetables No 2 61.7 2 61.9 2 61.5 
Fish* No 3 57.8 3 56.8 3 58.5 
High fibre food No 4 56.7 4 54.7 4 58.1 
Meditation No 5 54.8 6 53.7 5 55.5 
Fruit No 6 54.2 5 54.4 6 54.1 
Organic foods No 7 46.3 7 46.9 7 45.9 
Tea No 8 31.3 8 31.3 8 31.4 
Vitamin supplements* No 9 24.9 9 24.2 9 25.4 
Tomato-based sauces No 10 22.4 10 22.4 10 22.5 

* p<0.05 for differences between cases and controls in the distribution of ratings.
** p <0.001 for differences between cases and controls in the distribution of ratings.
a Risk factors are deemed as carcinogenic agents with sufficient evidence for effect on breast cancer risk,

and does not refer to agents with limited or unknown evidence. 
b WHO. Carcinogenic agents with sufficient evidence include alcoholic beverages and oestrogen–

progestogen menopausal therapies. Agents with limited evidence include oestrogen menopausal 
therapy, shift work involving circadian disruption, and tobacco smoking87. 

c Australian Institute of Health and Welfare82. 
d Red wine was the eleventh most frequently ranked exposure item as decreasing breast cancer risk. 

After stratifying by case–control status, participants’ beliefs differed significantly by age group 

for 16 exposure items for controls and 15 items for cases, and by education level for 31 

exposure items for controls and 29 items for cases. Women without a university degree more 

frequently responded “don’t know” than university-educated women, and this effect was more 

pronounced in controls than in cases. Participants’ beliefs differed by family history of breast 

cancer for one exposure item for controls and four exposure items for cases. Significant 

differences by country of birth were found for four exposure items for controls and five 

exposure items for cases.  

Participants most frequently rated smoking, pesticides, passive smoking, stress, and 

food additives as increasing breast cancer risk (Table 3.2). Loud music, tea, lipstick, fruit, 

and red meat were most commonly rated as having no effect on the risk of breast cancer, 

while being physically active, vegetables, fish, high fibre foods, and meditation were 

most frequently believed to decrease risk. Participants most frequently responded “Don’t 

know” for lipstick, shift work, interrupted sleep patterns, loud music, and tomato-based sauces. 

Participants’ ability to identify known breast cancer risk factors was similar for cases and 

controls. Of the six factors known to affect breast cancer risk, a significant difference in belief 
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between cases and controls was found only for red wine, with cases more likely than controls 

(OR=1.20. 95% CI: 1.02, 1.40) to identify red wine as a risk factor (Table 3.3). Younger women 

were more likely to accurately identify alcohol, red wine, beer, and HRT as increasing risk and 

being physically active as decreasing risk (Table 3.3). University-educated women were 

significantly more likely to identify alcohol, red wine, being overweight or obese and HRT as 

increasing risk and to identify being physically active as decreasing risk (Table 3.3).  

3.5 Discussion 
As in other studies of both cancer survivors and the general population33 34 79 83, our study found 

that misconceptions about breast cancer risk factors were common amongst both cases and 

controls. Only two known risk factors were included in the ten most frequently identified 

exposures believed to increase risk; being overweight or obese and alcohol were ranked at 

eighth and ninth, respectively. Participants more frequently identified other exposures for which 

there is limited evidence of an association with breast cancer—such as stress, pesticides, food 

additives, mobile phones or mobile phone towers—than known breast cancer risk factors, such 

as red wine or beer. Although there is currently emerging evidence of an association between 

smoking and breast cancer, at the time when participants completed the RPQ, smoking was not 

known to increase breast cancer risk88; yet smoking was the factor most frequently cited by both 

cases and controls as increasing risk. 

Although alcohol was correctly identified by 70.0% of participants as increasing breast cancer 

risk, fewer participants (54.5%) identified beer and fewer still (39.4%) identified red wine as 

increasing risk. Nearly one quarter (23.0%) of participants who believed that alcohol increased 

breast cancer risk nonetheless believed that red wine decreased risk. The inconsistencies in 

participants’ beliefs about the effect of red wine and alcohol on breast cancer risk may reflect 

media reports about the alleged health benefits of red wine, in relation to both cancer and 

cardiovascular disease89 90.  

Although there is little evidence to support a causal link between stress and cancer risk85, our 

results are consistent with studies that show stress is commonly perceived as a risk factor for 

breast and other cancers24 25 27 33 91 92. The belief that stress increases breast cancer risk appears to 

be held both by people affected by cancer—who may attribute their own breast cancer to stress25 

27 92—and by the general population in Australia24, Austria91 and the United Kingdom29. In 

unprompted open text responses analysed by Thomson et al80, almost half of BCEES cases 

attributed their own breast cancer to some form of mental state. When asked to rate the effect of 

stress on breast cancer risk in general, most participants in our study (81.1% of controls, 81.6% 

of cases) believed that stress increased the risk of breast cancer; consistent with this, 

approximately half of cases and controls believed that meditation decreased breast cancer risk. 
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Table 3.3: BCEES participants' knowledge of breast cancer risk factors, by demographic factors and family history of breast cancer 

Alcohol 
(Increase risk) 

Red wine 
(Increase risk) 

Beer 
(Increase risk) 

Being 
overweight 

or obese 
(Increase risk) 

Hormone 
replacement 

therapy 
(Increase risk) 

Being physically 
active 

(Decrease risk) 

1920 (70.0%) 1080 (39.4%) 1495 (54.5%) 2015 (73.5%) 1796 (65.5%) 1922 (70.1%) 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

History of breast cancer 
Controls 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 
Cases 1.04 (0.88, 1.23) 1.20 (1.02, 1.40) 0.92 (0.78, 1.08) 0.98 (0.82, 1.17) 0.95 (0.81, 1.12) 0.98 (0.83, 1.17) 

Age 

≤49 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 
50–59 0.80 (0.63, 1.02) 0.76 (0.62, 0.94) 0.62 (0.50, 0.77) 1.03 (0.80, 1.31) 2.25 (1.80, 2.81) 0.78 (0.62, 0.99) 
60–69 0.76 (0.60, 0.96) 0.72 (0.58, 0.89) 0.49 (0.40, 0.61) 0.81 (0.64, 1.03) 2.30 (1.85, 2.87) 0.79 (0.62, 0.99) 
70+ 0.65 (0.50, 0.86) 0.64 (0.50, 0.83) 0.43 (0.33, 0.55) 0.89 (0.67, 1.17) 1.35 (1.04, 1.73) 0.72 (0.55, 0.94) 

Highest education level 
No university degree 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 
University degree 1.45 (1.15, 1.81) 1.29 (1.06, 1.58) 1.18 (0.96, 1.44) 1.70 (1.33, 2.17) 1.56 (1.25, 1.94) 2.01 (1.58, 2.56) 

Family history of breast 
cancer 

No family history/ 
Unknown/Missing 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 
Some family history 0.97 (0.80, 1.19) 1.16 (0.96, 1.40) 1.12 (0.93, 1.35) 1.26 (1.02, 1.57) 1.06 (0.87, 1.29) 1.10 (0.89, 1.34) 
Clear high risk 1.11 (0.83, 1.48) 1.10 (0.85, 1.43) 0.96 (0.74, 1.24) 1.37 (1.01, 1.86) 1.14 (0.87, 1.50) 0.96 (0.73, 1.27) 

Country of birth 
Australia/New Zealand 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 
UK/Ireland 0.99 (0.81, 1.22) 0.87 (0.71, 1.05) 0.92 (0.76, 1.11) 1.00 (0.81, 1.23) 1.13 (0.92, 1.38) 1.06 (0.86, 1.30) 
Europe/Asia/Other 0.90 (0.70, 1.15) 0.59 (0.46, 0.76) 0.64 (0.51, 0.81) 0.87 (0.67, 1.13) 0.84 (0.66, 1.07) 0.88 (0.68, 1.13) 
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Although all participants were asked to rate exposures for their effect “on the chance of getting 

breast cancer”, cases may have been referring to their own cancer when evaluating exposures. 

The fact that cases more frequently responded “Don’t know” than controls for the majority of 

exposure items may be due to cases being less willing than controls to attribute causation to 

breast cancer, perhaps because by selecting any another response they would be implicitly 

attributing causation to their own breast cancer, rather than to breast cancer in general. 

Similarly, controls may have been more likely to respond “No effect” because they felt less 

personally involved than cases with regard to breast cancer causation and were therefore more 

willing to give a definitive response. These results have implications for future studies where 

knowledge of risk factors and beliefs about risk may influence participants’ recall of past 

exposure and potentially lead to recall bias or rumination bias.  

Our results support those of other studies29 33 38 which demonstrate that demographic factors 

affect women’s knowledge of breast cancer risk, with younger and more educated women being 

more likely to correctly identify known risk factors for breast cancer.  

There were few significant differences between cases and controls in their ability to correctly 

identify known risk factors. However, there were significant differences in the overall pattern of 

responses for 16 of the 37 exposure items, particularly regarding exposures for which there is 

currently limited or emerging evidence of an association with breast cancer, such as shift work 

and interrupted sleep patterns. If beliefs about breast cancer causation affect participants’ recall 

of exposure to these factors—and, consequently, affect self-reported exposure—then these 

differences would potentially introduce misclassification. It is therefore important to ascertain 

and adjust for participants’ perceptions of disease causation in case–control studies.  

3.5.1 Limitations1 

Prior to completing the RPQ, BCEES participants completed the LEQ, in which they reported 

their lifetime exposure to a range of exposures. Because some of these exposures were also 

included as RPQ items (alcohol consumption, lifetime smoking history, physical activity, HRT, 

sleep patterns, and exposure to pesticides) this may have alerted participants to the potential risk 

for these items, and affected the likelihood of participants rating these as increasing the risk of 

breast cancer. Cases may have been more attuned to these risk factors than controls, particularly 

if they had been exposed to any of these factors, and this may have affected their beliefs about 

risk.  

Our results may also have been affected by the overall response fraction for the BCEES study. 

Although more than 90% of BCEES participants completed the RPQ (92.0% of cases, 91.3% of 

1 The potential for the combination of exposure and diagnosis to modify cases’ beliefs is described in more detail in 
subsequent chapters.  
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controls), the response fraction of the overall study was 46.5% (57.8% of eligible cases, 41.1% 

of eligible controls), and non-responders differed from responders by age for all BCEES 

invitees, and by remoteness for invited cases93. If women who participated in the BCEES study 

and who completed the RPQ were more interested in breast cancer than non-responders or more 

concerned with risk, they may have been more aware of breast cancer risk factors and this may 

affect the generalizability of our results. Older invitees (particularly controls) were more likely 

to complete the RPQ, but there were no differences in participation education, country of birth, 

or family history. There were significant differences between participating cases and controls in 

age, education, and family history, however these differences were adjusted for in logistic 

regression models.  

Because differences in demographic factors were measured for 37 exposures after stratifying by 

case–control status, a high number of comparisons were drawn, which may have affected the 

validity of inferences.  

3.6 Conclusion 
This study supports previous research that has shown that women’s perceptions about the risk 

factors for breast cancer differ from scientific evidence. Women believed that factors such as 

stress and food additives increased breast cancer risk, even where there was limited evidence of 

such an association. As in other studies, participants’ ability to identify known risk factors for 

breast cancer was influenced by education and age. Public health initiatives and health 

promotion programs should consider that women’s knowledge of breast cancer risk factors may 

differ according to demographic factors. The inconsistencies in women’s beliefs about alcohol 

and breast cancer risk demonstrate a need for health campaigns to raise awareness that alcohol 

consumption—regardless of the type of alcoholic beverage—increases breast cancer risk.  
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3.8 Supplementary material 
Additional charts and figures that were not included in the published paper are presented 

in Appendix 8.5. These depict the range of RPQ responses by sociodemographic factors 

for exposures that were established breast cancer risk factors at the time of RPQ 

completion (alcohol, beer, wine, HRT, being overweight or obese). 
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Self-reported shift work, recall bias, and4.
belief about disease causation in a case–
control study of breast cancer

This chapter presents the following published journal article (Appendix 8.6): 

Lizama N, Heyworth J, Thomson A, Slevin A, Fritschi L. Self-reported shift work, recall bias, 

and belief about disease causation in a case-control study of breast cancer. 

Cancer Epidemiology. 2017;50:9-15. 

4.1 Abstract 

Background: 

Recall bias is a potential source of misclassification in case-control studies.  Studies have 

shown that the association between exposure and disease can differ according to participants’ 

beliefs or knowledge about the effect of that exposure on disease. We investigated the 

association between belief about breast cancer causation and self-reported shift work 

exposure in a case-control study. 

Methods: 

Women completed a questionnaire asking whether they believed that shift work caused cancer 

either before or after reporting their history of shift work.  We measured: whether belief 

modified the association between reported shift work and disease; whether belief was 

associated with reported shift work exposure; and whether being prompted to recall shift 

work exposure was associated with an increased likelihood of believing that shift work 

increased breast cancer risk. 

Results: 

There was a significant association between believing shift work increased breast cancer 

risk and reporting exposure to shift work. Being prompted to recall shift work was not 

associated with a belief that shift work increased risk. 

Conclusion: 

The association between pre-existing belief about breast cancer risk and reported shift work 

is likely to be due to exposed individuals believing that exposure increases risk, rather 

than resulting from recall bias. 
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4.2 Introduction 

Recall bias is a potential form of differential misclassification in case-control studies, as cases 

may be more likely than controls to recall, and possibly overestimate their exposure to risk 

factors, as a result of rumination upon the aetiology of their disease. In many instances, but not 

all 44, this may lead to a spurious association between risk factors and disease.   

Several studies have shown that the association between exposure and disease can differ 

according to participants’ beliefs or knowledge about the effect of that exposure on disease47 73-

75. Shaw et al. found elevated associations between self-reported water consumption and

congenital cardiac anomalies among women who believed that water in their community was

related to birth defects74. Cockburn et al. noted that the association between sun-bathing as a

child and melanoma was higher among participants who believed that sunlight caused

melanoma73. Yet the association between belief and reported exposure may not always be as

expected; Bower et al. found that women who were aware of the protective effect of folic acid

on neural tube defects were more likely to report folic acid supplementation if they had a child

with a neural tube defect47. In addition, differences by belief or knowledge in the association

between exposure and disease may be due to the experience of being diagnosed with disease.

For example, in a study of breast cancer and exposure to chemicals, Zota et al. reported that

odds ratios for exposure to cleaning products and pesticides were higher among women who

believed that these factors contributed “a lot” to breast cancer. As the authors note, a similar

result was seen for self-reported family history; as family history is an established breast cancer

risk factor, Zota et al. suggest that the observed results are therefore not necessarily due to recall

bias, but could have occurred if exposed women’s beliefs were modified after their breast

cancer diagnosis75. Recall bias may also occur in a converse direction if cases under-report their

exposure relative to controls. This could occur due to factors such as social desirability if, for

example, mothers of infants with congenital birth defects under-reported prenatal exposure to

smoking or alcohol45 46 94, or if the disease being studied impaired participants’ capacity to

remember their past exposure.

We undertook a study to investigate the association between belief about breast cancer 

causation and self-reported shift work exposure in a case-control study. We used data from the 

Breast Cancer, Environment and Employment Study (BCEES), a case-control study in which 

participants reported their shift work exposure and their beliefs about the effect of shift work on 

breast cancer risk86.  We measured: whether beliefs modified the association between reported 

shift work and disease; whether beliefs were associated with reported shift work exposure; and 

whether being prompted to recall shift work exposure was associated with an increased 

likelihood of believing that shift work increased breast cancer risk. 
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4.3 Methods 

BCEES was a population-based case-control study investigating environmental and lifestyle 

risks for breast cancer in Western Australia86. 

4.3.1 Participants 

Cases were identified through the Western Australian Cancer Registry if they were female, aged 

between 18 and 80 years at the time of diagnosis, resided in Western Australia, and had incident 

breast cancer (ICD-10 C50) reported between 1st May 2009 and 31st January 2011. Controls 

were women randomly selected from the Western Australian electoral roll, who resided in 

Western Australia during the same period and who were aged between 18 and 80 years of age.  

Controls were frequency matched on five-year age groups and were excluded if they had 

previously been diagnosed with invasive breast cancer.  Cases were excluded if their diagnosis 

was ductal carcinoma in situ only, or if their pathology diagnosis date was greater than six 

months prior to recruitment.  Cases and controls were excluded if morbidities or insufficient 

English language precluded them from completing the BCEES questionnaires. 

4.3.2 Questionnaires and interviews 

Participants were initially sent the Lifestyle and Environment Questionnaire (LEQ), along with 

an invitation letter and information sheet. The information sheet advised that participation 

would involve completion of one questionnaire about “lifestyle, work, and environment”, and 

that participants may be contacted by telephone to “ask some more detailed questions about 

your jobs”; participants were not made aware that these questions would be about shift work. In 

the 32-page LEQ, participants reported their lifetime exposure to a range of factors, including 

reproductive history and lifestyle. In the occupational history section of the LEQ, participants 

were asked eleven questions about each job they had ever had, one of which was: “Did this job 

involve night work, shift work, or work at unusual hours?”  Participants who responded 

positively to this question for one or more jobs were subsequently invited to participate in a 

telephone interview.  Participants who responded negatively to the shift work question but 

whose profession was likely to have involved shift work—for example, a driver or nurse—were 

also invited to be interviewed.  

Interviews took place between one and 36 weeks (median six weeks) after the LEQ was 

returned.  During the interview, participants were asked between one and 29 questions about the 

nature, timing, and frequency of shift work for each relevant job; the total number of interview 

questions was determined by their specific responses and by the number of jobs that involved 

shift work.  Shift work exposure was determined from interview responses only: women were 

deemed as having ever done shift work if they reported having worked any number of hours in a 

graveyard shift between midnight and 050086. 
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Figure 4.1: Flow chart of completion of LEQ, RPQ and interview completion by BCEES 
participants 

All participants were sent a Risk Perception Questionnaire (RPQ) between two days and 23 

weeks (median two weeks) after returning the LEQ.  The RPQ asked participants to rate 37 

exposure items, including shift work, as to what effect they thought these items would have “on 

the chance of getting breast cancer”, for which results have been reported elsewhere 95.  

Participants could choose one of six responses for each item: “Increase a lot”, “Increase a little”, 

“Decrease a little”, “Decrease a lot”, “No effect”, and “Don’t know”.  The RPQ also included an 

open-ended question in which participants noted what they believed caused (their) breast 

cancer; responses to this question have previously been reported80. 

4.3.3 Sequence of interviews and Risk Perception Questionnaire 

There was no specified time frame for telephoning participants or sending them the RPQ after 

receipt of the LEQ, so the sequence of RPQ completion and interview participation differed 

non-systematically between participants. Of the 2994 BCEES participants, 1219 

women completed the RPQ and were also interviewed about shift work (Figure 4.1). Of 

these, 458 participants were excluded from analysis because their sequence of RPQ 

completion and interview participation could not be determined, as they were sent the 

RPQ prior to being interviewed and returned it after their interview, or they underwent 

interviews across multiple dates that were both before and after being sent or having returned 

the RPQ. (Figure 4.1) Thus, 761 women were included in this analysis. 
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4.3.4 Statistical analyses 

Data were analysed using Stata 12. All reported P values are two-sided.  For the shift work 

question of the RPQ, responses for “Increase a little” and “Increase a lot” were grouped together 

and compared with all other responses combined (“Decrease a lot”, “Decrease a little”, “Don’t 

know”, and “No effect”).  

The total number of interview questions that participants were asked was calculated by 

summing the number of telephone interview questions to which each participant responded 

across all jobs.  

4.3.5 Sequence and timing of LEQ, RPQ and interview 

We tested whether interview sequence was associated with case-control status—which may 

have occurred if cases returned the RPQ more promptly than controls due to greater interest in 

participation—by using a chi square statistic to ascertain any differences between cases and 

controls in the sequence of interview and RPQ completion.  To test whether interview sequence 

was associated with education level or age group, we used chi square and Wilcoxon rank-sum 

tests, respectively. 

If participants’ beliefs about shift work risk were primed by completion of the LEQ, it might be 

expected that women with a shorter time period between completing the LEQ and RPQ would 

be more likely to report believing shift work increased risk. To test whether this occurred, we 

included only the 573 women who completed the RPQ before being interviewed. We used a 

logistic regression model to investigate whether case-control status and the number of days 

between returning the LEQ and being sent the RPQ were associated with belief about shift 

work. 

4.3.6 Association between shift work and breast cancer 

The association between breast cancer and shift work was estimated for all 761 interviewees, 

using logistic regression models, with case-control status as the outcome and reported shift 

work (ever did shift work and duration of shift work) as the exposure variables.   

Models were then stratified by participants’ belief about the effect of shift work on breast cancer 

risk (“Increases risk” vs all other responses).  To take into account the fact that participation in 

an interview may have modified participants’ beliefs, models were also stratified by interview 

sequence.  Interaction terms were added to the models of shift work and breast cancer to assess 

the significance of interactions. 



Chapter 4 

34 

4.3.7 Association between pre-existing belief about risk and self-reported shift 
work 

To ascertain whether pre-existing belief about the effect of shift work on breast cancer risk was 

associated with self-reported exposure, we compared the shift work interview responses across 

beliefs for the 573 women who completed the RPQ prior to being interviewed.  Logistic 

regression was used to assess whether participants’ beliefs about shift work were associated 

with ever having done shift work, and ordered logistic and linear regression models were used 

to assess whether participants’ beliefs about shift work were associated with shift work 

duration. The outcome for these analyses was reported shift work and the predictor was belief 

about the effect of shift work on breast cancer risk.  Models were initially undertaken for all 573 

women, and were then stratified by case-control status.  

4.3.8 Association between interview participation and subsequently reported 
belief about risk 

To ascertain whether interview participation was associated with subsequently reported belief 

about risk, we undertook logistic regression models, initially for all 761 interviewees, and then 

stratified by case-control status, with belief as the outcome and interview sequence as the 

predictor. We then tested whether the number of interview questions to which participants 

responded prior to completing the RPQ was associated with subsequently reported belief. 

Women who were interviewed after returning the RPQ were designated as having no questions, 

and formed the reference group for the grouped number of interview questions. Models were 

firstly run with all 761 interviewees and were then stratified by case-control status.  Because 

participants who did shift work for a longer duration or who worked in more jobs involving 

shift work were more likely to be asked more interview questions, it was not possible to 

measure the association between the number of interview questions and shift work exposure.   

4.3.9 Confounders 

Previous analyses of BCEES participants did not find that potential confounders such as 

education, family history of breast cancer, parity, breastfeeding, and physical activity affected 

the association between shift work and breast cancer86, hence only education (which was likely 

to be associated with both belief about risk and shift work exposure) and age were adjusted for 

in the analyses presented here. Family history of breast cancer was considered as a confounder, 

but with the exception of one model, its inclusion did not change the measure of association by 

more than 10%, nor did it change the direction of association. The association between 

continuous shift work duration changed by 17% when family history was added and remained 

non-significant with this change, and for this reason we opted to omit family history from all 

models for the sake of parsimony. To further keep models parsimonious, case-control status was 

omitted from unstratified models for the association between belief and self-reported exposure, 
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and for the association between interview participation and belief, as inclusion of case-control 

status did not change the odds ratio of interest by more than 10%, nor did it change the direction 

of association.   

4.3.10 Ethical approval 

Approval to undertake the study was obtained from the Department of Health Western Australia 

Human Research Ethics Committee, project number #2009/28, and from the University of 

Western Australia Human Research Ethics Committee, project number RA/4/1/2331. 

Table 4.1: Characteristics of BCEES participants with known sequence of RPQ and shift work 
interview, by case–control status 

Controls 
(430) 

Cases 
(331) 

n % n % 

Age 
<45 38 8.8 38 11.5 
45-49 35 8.1 43 13.0 
50-54 68 15.8 48 14.5 
55-59 66 15.3 54 16.3 
60-64 82 19.1 60 18.1 
65-69 72 16.7 37 11.2 
70+ 69 16.0 51 15.4 

Country of Birth 
Australia/NZ 262 60.9 200 60.4 
UK/Ireland 105 24.4 91 27.5 
Europe 33 7.7 19 5.7 
Asia 18 4.2 10 3.0 
Other 12 2.8 11 3.3 

Highest level of education 
No university degree 354 82.3 266 80.4 
University degree or higher 76 17.7 65 19.6 

Family history of breast cancer 
No family history 310 72.1 186 56.2 
Some family history 88 20.5 99 29.9 
High risk family history 31 7.2 44 13.3 
Unknown/Missing 1 0.2 2 0.6 

RPQ/Interview sequence 
Returned RPQ before interview 314 73.0 259 78.2 
Interview before receiving RPQ 116 27.0 72 21.8 

4.4 Results 

A total of 2994 participants completed the LEQ, comprising 57.8% (1205) of the 2084 eligible 

cases, and 41.1% (1789) of the 4356 eligible controls. Of the 1335 participants who were 

assigned a shift work interview based on their LEQ occupational history responses, 1308 
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(98.0%) women completed the interview; 1219 (93.2%) of the interviewees also completed the 

RPQ, representing 91.3% of participants who were eligible to complete both components. Of the 

1219 women who completed both the RPQ and participated in a shift work interview, there were 

761 for whom the interview and RPQ sequence could be unambiguously determined 

(Figure 4.1). A higher proportion of cases completed the RPQ before being interviewed 

(78.2%) compared with controls (73.0%), although this difference was non-significant 

(Table 4.1). There was no difference in education level by interview sequence. However, 

older women were more likely to complete the RPQ before being interviewed 

(ptrend=0.003) The number of days between returning the LEQ and receiving the RPQ (median 12, 

IQ range 11) was not associated with belief about shift work risk (OR 1.00, 95% CI: 0.98, 

1.02). The proportion of women who reported ever having done shift work was similar for 

cases (53.5%) and controls (53.3%), although among participants who had done shift work, 

more controls than cases worked for a longer duration (26.5% of controls vs 22.1% of cases 

worked 10+ years, Table 4.2). The 406 participants who reported having ever done shift work had 

worked a median of 8 years, ranging from between six months to 47 years.   

Table 4.2: Shift work history among BCEES participants with known RPQ and shift work 
interview sequence, by case–control status 

All interviewees 
(n=761) 

Did RPQ 
before interview 

 (n=573) 

Did interview 
before RPQ 

 (n=188) 

Controls 
(n=430) 
n (%) 

Cases 
(n=331) 
n (%) 

Controls 
(n=314) 
n (%) 

Cases 
(n=259) 
n (%) 

Controls 
(n=116) 
n (%) 

Cases 
(n=72) 
n (%) 

All interviewees 
Never did shift work 201 (46.7) 154 (46.5) 149 (47.5) 117 (45.2) 52 (44.8) 37 (51.4) 
Ever did shift work 229 (53.3) 177 (53.5) 165 (52.5) 142 (54.8) 64 (55.2) 35 (48.6) 

Worked 1-9 years 115 (26.7) 104 (31.4) 79 (25.2) 84 (32.4) 36 (31.0) 20 (27.8) 
Worked 10+ 
years 114 (26.5) 73 (22.1) 86 (27.4) 58 (22.4) 28 (24.1) 15 (20.8) 

Don’t believe that 
shift work affects 
BC risk (n=515) n=226 n=169 n=75 n=45 
Never did shift work 149 (49.5) 110 (51.4) 115 (50.9) 86 (50.9) 34 (45.3) 24 (53.3) 
Ever did shift work 152 (50.5) 104 (48.6) 111 (49.1) 83 (49.1) 41 (54.7) 21 (46.7) 

Worked 1-9 years 77 (25.6) 62 (29.0) 54 (23.9) 51 (30.2) 23 (30.7) 11 (24.4) 
Worked 10+ 
years 75 (24.9) 42 (19.6) 57 (25.2) 32 (18.9) 18 (24.0) 10 (22.2) 

Believe that SW 
increases BC risk 
(n=246) n=88 n=90 n=41 n=27 
Never did shift work 52 (40.3) 44 (37.6) 34 (38.6) 31 (34.4) 18 (43.9) 13 (48.1) 
Ever did shift work 77 (59.7) 73 (62.4) 54 (61.4) 59 (65.6) 23 (56.1) 14 (51.9) 

Worked 1-9 years 38 (29.5) 42 (35.9) 25 (28.4) 33 (36.7) 13 (31.7) 9 (33.3) 
Worked 10+ 
years 39 (30.2) 31 (26.5) 29 (33.0) 26 (28.9) 10 (24.4) 5 (18.5) 
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Table 4.3: Association between pre-existing belief about shift work risk (predictor) and self-reported shift work (outcome), for 573 BCEES participants who 
completed RPQ before being interviewed 

Ever did shift work Shift work duration (categorical) Shift work duration 

No Yes None 1-9 years 
10+ 

years (continuous) 

n % n % 
Adjusted 

ORa 95% CI n % n % n % 
Adjusted 

ORa b 95% CI Medianc β P 

All interviewees who 
did RPQ first  
n=573 
Don’t believe 201 75.6 194 63.2 (Ref) 201 75.6 105 64.4 89 61.8 (Ref) 8.75 
Do believe 65 24.4 113 36.8 1.64 1.12, 2.39 65 24.4 58 35.6 55 38.2 1.51 1.08, 2.12 8 1.4382 0.111 

Controls 
n=314 (54.8%) 
Don’t believe 115 77.2 111 67.3 (Ref) 115 77.2 54 68.4 57 66.3 (Ref) 10 
Do believe 34 22.8 54 32.7 1.39 0.82, 2.36 34 22.8 25 31.6 29 33.7 1.37 0.85, 2.19 10 0.9863 0.462 

Cases  
n=259 (45.2%) 
Don’t believe 86 73.5 83 58.5 (Ref) 86 73.5 51 60.7 32 55.2 (Ref) 8 
Do believe 31 26.5 59 41.5 1.91 1.09, 3.34 31 26.5 33 39.3 26 44.8 1.75 1.06, 2.88 7 1.9300 0.107 
a Adjusted for age and education.  
b Proportional odds ratio, i.e. odds of ≥1 years vs no shift work, or ≥10 years vs <10 years. 
c For women who reported ever having done shift work. 
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Table 4.4: Association between number of interview questions about shift work (predictor) and belief that shift work increases breast cancer risk (outcome) in 
BCEES participants, stratified by case-control status 

Belief about effect of shift work on breast cancer risk 
All 

participants Don’t believe Do believe 

n % n %  n % 
Adjusted 

ORa 95% CI Ptrend 
All participants 

Did RPQ first 573 75.3 395 68.9 178 31.1 (Ref) 
Interview first 188 24.7 120 63.8 68 36.2 1.16 0.81, 1.65 
1-19 interview questions 93 12.2 62 66.7 31 33.3 1.13 0.70, 1.83 
20+ interview questions 95 12.5 58 61.1 37 38.9 1.18 0.74, 1.88 0.719 

Controls 
Did RPQ first 314 54.8 226 72.0 88 28.0 (Ref) 
Interview first 116 61.7 75 64.7 41 35.3 1.27 0.80, 2.04 
1-19 interview questions 55 59.1 37 67.3 18 32.7 1.23 0.65, 2.31 
20+ interview questions 61 64.2 38 62.3 23 37.7 1.32 0.72, 2.40 0.592 

Cases 
Did RPQ first 259 45.2 169 65.3 90 34.7 (Ref) 
Interview first 72 38.3 45 62.5 27 37.5 1.01 0.57, 1.79 
1-19 interview questions 38 40.9 25 65.8 13 34.2 1.00 0.47, 2.11 
20+ interview questions 34 35.8 20 58.8 14 41.2 1.03 0.48, 2.22 0.998 

a Adjusted for age and education. 
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4.4.1 Association between shift work and breast cancer 

No significant association between breast cancer and reported shift work (either shift work 

duration or ever did shift work) was found (OR 1.00, 95% CI: 0.75, 1.35 for ever having done 

shift work; OR 1.17, 95% CI: 0.83-1.65 for 1–9 years of shift work; OR 0.83, 95% CI: 0.58-

1.20 for 10+ years of shift work, ptrend=0.247 for shift work duration).  The results for ever did 

shift work were similar to previous analyses of all BCEES participants86. There was no 

interaction between belief about shift work risk and ever having done shift work (P=0.623), nor 

was there any interaction between belief and categorical shift work duration (P=0.877). After 

stratifying by interview sequence, there was no interaction between belief and shift work, either 

for women who completed the RPQ before interview (P=0.960 for ever having done shift work 

and P=0.950 for shift work) or for women who were interviewed first (P=0.679 for ever having 

done shift work and P=0.723 for shift work duration). 

4.4.2 Association between pre-existing belief about risk and self-reported shift 
work 

Across the 573 interviewees who reported their belief before being interviewed, a belief that 

shift work increased breast cancer risk was associated with ever having done shift work (OR 

1.64, 95% CI: 1.12, 2.39, Table 4.3). After stratification by case-control status, this association 

remained elevated for cases and controls but was significant for cases (OR 1.91, 95% CI: 1.09, 

3.34) but not controls (OR 1.39, 95% CI: 0.82, 2.36, Table 4.3). Similarly, across all 573 

interviewees, a belief that shift work increased breast cancer risk was associated with having 

done shift work for a longer duration (proportional OR 1.51, 95% CI: 1.08, 2.12, Table 4.3). 

After stratification this association was significant for cases (proportional OR 1.75, 95% 

CI: 1.06, 2.88) but not for controls (proportional OR 1.37, 95% CI: 0.85, 2.19, Table 4.3).  In 

linear regression models for shift work duration, the magnitude of association between 

belief and reported shift work duration was greater for cases than controls (β=0.9863, 

P=0.462 for controls; β=1.9300, P=0.107 for cases, Table 4.3). 

4.4.3 Association between interview participation and reported belief about 
risk 

Participation in a shift work interview prior to completing the RPQ was not associated with 

a belief that shift work increased breast cancer risk (OR 1.16, 95% CI: 0.81, 1.65, Table 4.4). 

This association remained non-significant after stratifying by case-control status (OR 1.27, 

95% CI: 0.80, 2.04 for controls; OR 1.01, 95% CI: 0.57, 1.79 for cases, Table 4.4). 

The number of shift work interview questions to which women responded prior to completing 

the RPQ was not significantly associated with belief about risk (OR 1.13, 95% CI: 0.70, 1.83 for 

1-19 interview questions; OR 1.18, 95% CI: 0.74, 1.88 for 20+ interview questions;
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Ptrend=0.719); this association remained non-significant after stratifying by case-control 

status (Table 4.4). 

4.5 Discussion 

4.5.1 Association between shift work and breast cancer 

An interaction between belief about shift work and reported shift work was not observed, 

suggesting that women’s beliefs did not influence the association between shift work exposure 

and breast cancer.  Likewise, the association between shift work and breast cancer remained 

non-significant across women with differing beliefs about the effect of shift work on breast 

cancer risk. 

4.5.2 Reported exposure and pre-existing belief 

There was a significant positive association between a belief that shift work increased breast 

cancer risk and having undertaken shift work, either at all or for a longer duration. This could be 

due to recall bias if cases who had undertaken shift work and who believed that it increased 

cancer risk were more likely than controls to recall or overstate their exposure to shift work. 

However, it is also possible that differences in belief did not influence the accuracy of self-

reported exposure, but rather the combination of exposure and disease influenced belief. Thus 

one plausible explanation for the findings of this study is that cases who had undertaken shift 

work—particularly those who had worked shifts for a long duration—were more likely than 

controls to believe that shift work increased cancer risk, but this belief did not affect the 

accuracy of their self-reported exposure.  This scenario would seem to accord with the fact that 

no association was found between shift work exposure and breast cancer for the 761 

interviewees, even when an interaction between belief about risk and reported shift work was 

included in the model, or when models were stratified by belief.     

4.5.3 Association between reporting exposure and belief 

Participation in an interview about shift work, regardless of the number of interview questions 

answered, was not significantly associated with women’s belief about the effect of shift work on 

breast cancer risk.  This finding suggests that participants’ beliefs were not primed by interview 

participation, even when they were asked numerous questions about shift work.  Although this 

finding cannot disprove the existence of recall bias, it nonetheless suggests that recalling shift 

work exposure does not modify participants’ beliefs about the effect of shift work on breast 

cancer, even for women who have been diagnosed with the disease.  

The observed results of our study concord with the findings of Zota eta al75 who reported 

elevated odds ratios among women who believed that exposure to cleaning products contributed 

“a lot” to disease causation; the authors contended that exposed cases may form beliefs about 
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chemicals as a result of the experience of disease. The similar conclusions drawn from our 

study—that exposed cases may form beliefs about shift work after being diagnosed with breast 

cancer—are further supported by the BCEES study design, which enabled us to additionally 

observe that women’s beliefs about shift work were not associated with being prompted to 

recall shift work exposure.  

4.5.4 Limitations 

It is possible that interviewees’ beliefs about shift work were primed by having responded to 

questions about shift work in the occupation history section of the LEQ.  However, the LEQ 

also asked participants to give detailed information about each job in which they worked (age 

started, duration, job title, main job duties, employer, industry, country of employment, number 

of hours per week, number of weeks per year, and type of activity), in addition to the numerous 

other lifestyle and environmental factors in the questionnaire, so it is unlikely that participants 

perceived the LEQ shift work question to be of particular importance. In addition, if priming 

had occurred, it might be expected that a shorter duration between completion of the LEQ and 

RPQ would be associated with a greater likelihood of rating shift work as increasing risk; yet no 

such association was found. 

Although interviews were not conducted in a systematic order, participants who completed and 

returned the RPQ more promptly were more likely to be interviewed after reporting their belief 

than women who returned the RPQ more slowly. It is possible that early respondents had a 

greater interest in breast cancer and its risk factors, and this could have affected the association 

between belief and exposure. Additionally, although interview sequence was not associated with 

education level, older women were more likely to complete the RPQ before being interviewed 

than younger women; however all models were adjusted for age. There was no significant 

difference in belief between women who completed the RPQ before or after the interview, nor 

was there a significant difference in the proportion of cases and controls who completed the 

RPQ before or after being interviewed. 

Our results may also have been affected by the overall response fraction for the BCEES study 

(57.8% of eligible cases, 41.1% of eligible controls), particularly if the 2994 BCEES 

participants were more interested in or aware of breast cancer risk factors than non-responders. 

It is also possible that our findings were affected by selection bias if participating cases were 

more likely than non-participating cases to be interested in potential breast cancer risk factors to 

which they had been exposed; this could lead to the positive association between belief and shift 

work that was observed in cases but not controls. However, BCEES participants were unaware 

at the time of completing the LEQ that they would be invited to participate in an interview 

based upon their response to the shift work question, as they were only advised that they may be 

telephoned and asked “some more detailed question about [their] jobs”. Additionally, almost all 
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BCEES participants who were assigned to a shift work interview (97.8%) completed the 

interview, and most of the women who were eligible for an interview also completed the RPQ 

(91.3%). As such, we do not anticipate that selection bias in relation to interest in shift work 

would have occurred for those women assigned to an interview. Although our results may have 

been limited by the 458 women who were excluded because their sequence of RPQ and 

interview could not be determined, resulting in 761 participants in the current analyses, the 

timing of interviews and of sending the RPQ was non-systematic so it unlikely that this would 

introduce selection bias. 

It is nonetheless possible that the 761 interviewees with a confirmed RPQ–interview sequence 

may have differed systematically from other BCEES participants. The association between ever 

having done shift work and breast cancer observed in the subgroup of 761 shift work 

interviewees (OR 1.00, 95% CI: 0.75, 1.35) was slightly lower than that of the 2987 BCEES 

participants who completed the job history section of the LEQ (OR 1.16, 95% CI: 0.97, 1.38)86; 

however, neither association was significant. 

4.6 Conclusion 
A belief that shift work increased breast cancer risk was associated with having undertaken shift 

work and having performed shift work for a longer duration, but only for women diagnosed 

with breast cancer. While this association could be due to recall bias, it is also plausible that 

exposed cases accurately stated their exposure but were more likely to believe that exposure 

increases risk.  The latter scenario is further supported by the fact that being prompted to recall 

shift work exposure during a telephone interview did not influence participants’ belief that shift 

work increased breast cancer risk, even for women diagnosed with the disease. Thus, it seems 

likely that the association between shift work and breast cancer is not influenced by recall bias. 
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Self-reported use of combined hormone5.
replacement therapy and belief about disease
causation

5.1 Introduction 

5.1.1 Hormone replacement therapy and breast cancer risk 

Combined oestrogen–progestogen menopausal therapy—also known as combined hormone 

replacement therapy (HRT)—is classified by the International Agency for Research on Cancer 

as a Group 1 known carcinogen for breast cancer7. However, the association between HRT and 

breast cancer remains complex, and it may be modified by numerous other factors, including 

timing of exposure, age at menopause, and body weight. Furthermore, duration of use and age at 

use may additionally increase risk15 17. In addition, there are several different types of HRT, and 

HRT use has been measured and categorised in different ways in studies that examine the 

association between HRT use and breast cancer. Some studies group together all types of HRT 

for past use, yet differentiate between combined and oestrogen–only forms when considering 

current users of HRT13 15 96, while others consider only certain types of HRT97. Past use may 

also be defined as ever having used HRT or as recent past use13 15 17.  

A 1997 reanalysis of 51 previous studies with more than 150,000 participants reported an 

increased risk of breast cancer (RR=1.3, 95% CI: 1.0, 1.6) for ever users of any type of HRT16. 

The reanalyses also found that this association differed according to duration of use, timing of 

first use, and time since cessation of use. After timing of exposure had been taken into account, 

past ever users did not show an increased risk of breast cancer five years after HRT cessation, 

whereas risk was increased for current and recent HRT users16. The UK–based Million Women 

Study reported that breast cancer risk was not increased for past users of any HRT, but was 

doubled for current users of combined HRT (OR=2.00, 95% CI: 1.91, 2.09); risk increased 

further with duration of use for current combined HRT users13. The oestrogen and progestin trial 

arm of the Women’s Health Initiative Study was ceased early, due to increased breast cancer 

risk, with risk increasing by time since randomisation; more recent follow-up of participants 

found that risk was attenuated with time since HRT use ceased14. Thus, the research to date 

indicates that there is sufficient evidence for an association between combined HRT and breast 

cancer7 16 97, however the role of other factors including current or past use, time since use, 

duration of use, timing of exposure, age at menopause and body weight is yet to be fully 

elucidated. 
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5.1.2 Accuracy and validity of self-reported HRT use 

As with any medication, one of the limitations in measuring HRT as a risk factor for breast 

cancer is the difficulty in obtaining accurate data from self-reported HRT use. Studies have 

validated self-reported HRT in a number of ways, including comparison with physician 

records53-55 58, national pharmaceutical registers98, and pharmaceutical claims databases59 99 

(Table 5.1). Such studies have generally found good levels of agreement between self-reported 

ever use of HRT, in both case–control and cohort studies, and in different populations and 

nationalities53-56 58 98-102. One Danish study, for instance, compared self-reported HRT use with a 

population-based prescription database in a cohort of Danish nurses and found that sensitivity 

and specificity were high for ever use of HRT; sensitivity was 82% and specificity was 91%98. 

A study of UK women similarly assessed the accuracy of self-reported HRT use against general 

practice records in the UK and found 95% agreement58. Likewise, a study of German women 

reported agreement of between 88–90% for self-reported ever use of HRT compared with 

physician records54. These and other studies have also found good recall for type of HRT when 

compared with “gold standard” measurements, including combined oestrogen and progestin 

therapy54 58 98. While ever use of HRT is generally reported accurately and consistently, some 

studies have found self-reported duration of HRT to be less accurate55 99.  

However, even “gold standard” measurements of medication use against which self-reported 

data may be compared are prone to inaccuracy58 103. Prescription databases indicate only 

whether an individual has filled a prescription, but do not reveal patient compliance58 59; they do 

not indicate whether an individual has taken the dispensed medication in the correct dosage or at 

all. Likewise, physician records indicate only whether a participant has been prescribed a 

medication, not whether they have filled or taken that prescription. Jain et al55 posit that the 

accuracy of physician records may also differ systematically by disease status if physicians 

update their records more thoroughly for cases than controls; if this were so, then cases may be 

more likely to have actual HRT use recorded in their notes. Additionally, the expiry date of 

prescriptions varies between countries; depending on when data were self-reported, participants 

may not have yet filled an existing prescription but intend to do so58. Another potential problem 

with validating HRT use is that in some studies, medication use is validated only for individuals 

who self-report use, or “true” users’ as determined by the gold standard measurement tool104. 

Consequently, if validation is not undertaken for all participants in in the study population, 

including those who report not having used the medication, then only agreement or sensitivity 

can be reported, with no indication of specificity105.  

5.1.3 Reliability 

Several studies have measured the reliability of self-reported HRT use using a test–retest 

method and found good agreement between ever use of HRT reported at different time intervals 
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(Table 5.1)100 101 103. Slanger et al103 found a high level of agreement (κ=0.90) for ever use of 

HRT and good agreement (κ=0.83) for HRT type when women were retested after a ten-month 

duration. Greendale et al100 similarly found good agreement (κ=0.71) for self-reported ever use 

of HRT when comparing interview data approximately three years apart.  

While studies have found that self-reported ever use of HRT was generally reliable, reported 

duration of HRT use was less so. In the test–retest study conducted by Slanger et al103, 

agreement for HRT duration was only moderate (κ=0.60), and likewise, Greendale et al100 noted 

poor agreement for recall of the year in which HRT use commenced (25%) and ceased (35%). 

Even where self-reported exposure is reliable across different time periods, this does not 

necessarily equate to accurate recollection of HRT use, as participants may recall exposure 

consistently yet inaccurately. 

5.1.4 Factors influencing accuracy and consistency of recall 

Several studies have examined whether other factors, such as disease status, age, and 

lifestyle, affect the validity or reliability of self-reported HRT (Table 5.2). A number of 

studies have found similar recall of HRT ever use between breast and endometrial 

cancer cases and controls53-55 101 103, although one study found that accuracy of recall differed 

depending on HRT type56. Age may affect the accuracy or consistency of recall, with some 

studies finding that younger women had better recall of ever using HRT56 98, whilst others 

showed no significant difference or similar results regardless of participants’ age53-56 100. 

Ethnicity appears to play some role in the accuracy of recall, with two studies noting 

significantly better recall in Caucasian women compared with other ethnicities53 100. 

Likewise, several studies have shown that recall of HRT ever use is higher in more educated 

women54 102 and married women54 56, although other studies have shown little or no 

difference by education level53 55 100 or marital status53 55 56. Other factors, including 

smoking status, family history of breast cancer, socioeconomic status, BMI and alcohol 

consumption have also been examined, but there appears to be little or no difference in their 

effect on the accuracy of HRT ever use recall53-55 98. Overall, therefore, it would seem that 

case–control status does not appear to significantly modify the validity or reliability of 

self-reported HRT ever use, although age, ethnicity, education and marital status may play a 

role (Table 5.2).  

5.1.5 Women’s awareness of HRT as a risk factor for breast cancer 

Studies of women’s awareness of HRT as a risk factor for breast cancer have shown 

varying results. In a 2005 United States study, Wold et al. found that nearly two thirds of 

women diagnosed with breast cancer believed that “menopausal hormone replacements” 

caused breast cancer34. In contrast, amongst German women without a history of breast 

cancer, only 34% believed that HRT increased breast cancer risk38.  
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Table 5.1: Studies of accuracy, validity and reliability of HRT ever use, 1990 to 2016 

Article Year Population Study type 
Validation 

method 
HRT 

measurements 

Differences by case–
control status and 

socio-demographic 
factors HRT ever use agreement 

Banks et al.58 
“Agreement between 
general practice 
prescription data and 
self-reported use of 
hormone replacement 
therapy and treatment 
for various illnesses.”  

2001 Women aged 50–64, 
who were registered 
with a general 
practitioner. 
UK, n=570. 

Cohort Study 
(Million 
Women 
Study). 

Comparison of 
self-reported 
questionnaire 
data with 
general practice 
prescription 
records.  

HRT ever use if >1 
prescription for HRT 
was recorded. 
HRT current use. 
Name of most 
recently used HRT – 
coded as oestrogen, 
oestrogen plus 
progestogen or 
other. 

Affluence of general 
practice location 
mentioned but figures not 
reported. 

All participants: 95%; κ=0.90. 

Goodman et al.53 
“Agreement between 
interview information 
and physician records 
on history of 
menopausal estrogen 
use.” 

1990 Women aged 45–74. 
Cases identified 
through Hawaii 
Tumor Registry, 
compared with 
neighbourhood 
controls and hospital 
controls.  
Hawaii, US, n=1,032. 

Breast 
cancer 
case–control 
study. 

Comparison of 
HRT use 
reported at 
interview with 
physician 
records. 

Use of “menopausal 
estrogens” for ≥1 
month. 
Duration of use. 
Date of initial use. 

Reported separately and 
differences statistically 
tested: case–control 
status, ethnicity, age, 
education, residential 
status, marital status, 
smoking status, and 
family history of cancer. 

All participants: 86.9%, κ=0.74. 

Cases: 87.2%, κ=0.74. 

Hospital controls: 84.4%, κ=0.68. 

Neighbourhood controls: 89.5%, 
κ=0.79. 

Greendale et al.100 
“Can We Measure 
Prior Postmenopausal 
Estrogen/Progestin 
Use? The 
Postmenopausal 
Estrogen/Progestin 
Interventions Trial.” 

1997 Postmenopausal 
women aged 45–64 
participating in the 
Postmenopausal 
Estrogen/Progestin 
Interventions Trial, 
multiple sites. 
US, n=863. 

Sub-study of 
RCT of 
hormone 
therapy. 

Test–retest 
comparison of 
HRT reported at 
interviews at 
baseline, after 3 
months and 
after 3 years. 

Ever use of 
“postmenopausal 
estrogen”. 
Preparation, dose, 
schedule, route, 
start date and stop 
date for most recent 
prior oestrogen or 
progestin use. 

Reported separately and 
differences statistically 
tested: education, family 
income, race, and age. 

All participants: 95.2%, κ=0.91 for 
baseline vs 3 months. 

All participants: 82.1%, κ=0.89 for 
3–month vs 3–year interviews. 
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Table 5.1, continued 

Article Year Population Study type 
Validation 

method 
HRT 

measurements 

Differences by case–
control status and 

socio-demographic 
factors HRT ever use agreement 

Jannausch & 
Sowers.106 
“Consistency of 
perimenopausal 
estrogen use reporting 
by women in a 
population-based 
prospective study.” 

1992 Women aged 60–85. 
Iowa, US, n=430. 

Prospective 
study of 
bone health 
risk factors. 

Test–retest 
comparison of 
self-reported 
HRT use at 
interviews 
conducted 5 
years apart. 

Ever use of HRT. 

Duration of HRT 
use. 

Age reported separately. Unclear, as ever use of HRT not 
reported separately because 
“consistent” responses also 
required commencement and 
cessation year.  

Kropp et al.54 
“Good agreement 
between physician and 
self-reported hormone 
therapy data in a 
case–control study.” 

2007 Women aged 50–74. 
Hamburg and Rhein-
Neckar-Karlsruhe, 
Germany, n=449.  

Breast 
cancer 
case–control 
study. 

Comparison of 
self-reported 
HRT use 
collected at 
interview with 
gynaecologist 
prescription 
records. 

Ever use of HRT. 

Duration of HRT 
use. 

Type of HRT use. 

Reported separately but 
differences not 
statistically tested: 
case–control status, 
geographical region, age, 
education, marital status, 
BMI, and mother with 
breast cancer. 

All participants: 88.2%, κ=0.72. 

Cases: 86.6%, κ=0.68. 

Controls: 89.8%, κ=0.76. 

When women prescribed HRT 
only once for 3 months or less 
were categorised as never users: 
All participants: 90.2%, κ=0.78 
Cases: 90.6%, κ=0.79 
Controls: 89.8%, κ=0.77 

Løkkegaard et al.98  
“The validity of self-
reported use of 
hormone replacement 
therapy among Danish 
nurses.” 

2004 Women aged ≥45, 
registered with the 
Danish Nursing 
Association, Funen 
and North Jutland. 
Denmark, n=2,666. 

Sub-study of 
Danish 
Nurse 
Cohort 
study. 

Comparison of 
HRT use self-
reported in 
questionnaire 
(1993 and 1999) 
with population-
based 
prescription 
databases.  

Current and past 
use of HRT 

Type of HRT 

Duration of HRT use 

Reported separately and 
difference statistically 
tested: age, alcohol 
consumption, physical 
activity, smoking status, 
hypertension, and BMI. 

All participants, 1999: 
81.7% sensitivity 
91.0% specificity 
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Table 5.1, continued 

Article Year Population Study type 
Validation 

method 
HRT 

measurements 

Differences by case–
control status and 

socio-demographic 
factors HRT ever use agreement 

Newcomb et al.101 
“Postmenopausal 
Estrogen and 
Progestin Use in 
Relation to Breast 
Cancer Risk.” 

2002 Women aged 50–79. 
Cases identified from 
state cancer registry. 
Controls recruited 
from lists of licensed 
drivers and Medicare 
beneficiaries. 
Wisconsin, US, 
n=307. 

Sub-study of 
breast 
cancer 
case–control 
study. 

Test–retest 
comparison of 
HRT use self-
reported at 
interviews 2–6 
months apart. 

Ever use of 
postmenopausal 
hormones 

Case–control status 
reported separately but 
differences not 
statistically tested. 

Cases: κ=0.92. 

Controls: κ=0.89. 

Paganini-Hill et al.56 
“Comparison of patient 
recall of hormone 
therapy with physician 
records.” 

2007 Women aged 55–64. 
California, US, 
n=1,115. 

Sub-study of 
breast 
cancer 
case–control 
study. 

Comparison of 
HRT use self-
reported at 
interview with 
physician 
prescription 
records. 

Ever use of 
hormone therapy 

Duration of use 

Age at first and last 
use 

Reported separately and 
difference statistically 
tested: case–control 
status, marital status, and 
age. 

All participants:  
Oestrogen 85%, κ=0.59 
Progestogen 84%, κ=0.59 

Cases:  
Oestrogen 87%, κ=0.63 
Progestogen 85%, κ=0.63 

Controls:  
Oestrogen 82%, κ=0.53 
Progestogen 82%, κ=0.52 

Sandini et al.102  
“Agreement of self-
reported estrogen use 
with prescription data: 
an analysis of women 
from the Kuopio 
Osteoporosis Risk 
Factor and Prevention 
Study.” 

2008 Women aged 47–56, 
residing in Kuopio 
Province. 
Finland, n=11,377. 

Cohort 
study. 

Comparison of 
HRT use self-
reported in 
questionnaire 
with national 
prescription 
database. 

Current and past 
use of “oestrogen 
hormones” 

Duration of use 

Brand and route 

Education level reported 
separately and 
differences statistically 
tested. 

All participants:  
Positive predictive value=93.6% 
Sensitivity 63.6%, κ=0.628. 
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Table 5.1, continued 

Article Year Population Study type 
Validation 

method 
HRT 

measurements 

Differences by case–
control status and 

socio-demographic 
factors HRT ever use agreement 

Slanger et al.103  
“Test–Retest 
Reliability of Self-
Reported 
Reproductive and 
Lifestyle Data in the 
Context of a German 
Case–control Study on 
Breast Cancer and 
Postmenopausal 
Hormone Therapy.” 

2007 Women aged 50–74, 
years residing in 
Germany. Cases 
identified from 
hospitals/clinics or 
the Hamburg cancer 
registry. Controls 
frequency–matched 
by age and place of 
residence. 
Germany, n=123. 

Sub-study of 
breast 
cancer 
case–control 
study. 

Test–retest 
reliability study 
for HRT use 
self-reported in 
interviews 
conducted 
approximately 9 
months apart. 

Ever use of 
hormone therapy. 

Route. 

Type (oestrogen, 
progestin, or 
combined) 

Duration of use 

Differences in reliability 
for case–control status 
reported and statistically 
tested. 

All participants: 95%, κ=0.90 

Cases: 95%, κ=0.86 

Controls: 97%, κ=0.92 

p=0.66. 

Strom & Schinnar.99 
“An interview strategy 
was critical for 
obtaining valid 
information on the use 
of hormone 
replacement therapy.” 

2004 Women aged 50–79 
years registered with 
a health 
maintenance 
organisation and 
residing in 
Philadelphia. 
US, n=213. 

Cohort 
study. 

Comparison of 
HRT use self-
reported in 
questionnaire 
and at interview 
with health 
maintenance 
organisation 
prescription 
claims. 

Ever use. 

Commencement 
and cessation 
dates. 

Brand and route. 

Type (oestrogen / 
progestin). 

None measured. All participants: 
82% sensitivity 
95% specificity 
88% agreement 

West et al.59  
“Recall Accuracy for 
Prescription 
Medications: Self-
report Compared with 
Database Information.” 

1995 Women aged 50–80 
years enrolled in a 
health maintenance 
organisation. 
US, n=343. 

Cohort 
study. 

Comparison of 
interview data 
with 
pharmaceutical 
claims 
database. 

Ever use 

Brand name 

Dose 

Dates of use 

Age reported separately 
and difference 
statistically tested for 
accuracy of recall of 
oestrogen name. 

Unclear, as HRT grouped 
together with NSAIDS for 
ever/never use. 
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Table 5.1, continued 

Article Year Population Study type 
Validation 

method 
HRT 

measurements 

Differences by case–
control status and 

socio-demographic 
factors HRT ever use agreement 

West et al.107  
“Demographics, Health 
Behaviors, and Past 
Drug Use as 
Predictors of Recall 
Accuracy for Previous 
Prescription 
Medication Use.” 

1997 Women aged 50–80 
years enrolled in a 
health maintenance 
organisation. 
US, n=343. 

Cohort 
study. 

Comparison of 
interview data 
with 
pharmaceutical 
claims 
database. 

• Brand name ORs reported separately 
for predictor of accurately 
recalling oestrogen name 
for: education, marital 
status, race, smoking 
status, and alcohol 
consumption. 

N/A 
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Panjari et al. noted that HRT use was the second most commonly cited risk factor identified by 

Australian breast cancer survivors as the cause of their disease; nevertheless it was cited by only 

14% of the participants, whereas stress was cited by more than half of participants25. A 2005 

study of the Irish general population revealed that half of female participants believed that HRT 

increased breast cancer risk, while 35% said they did not know the effect of HRT, with the 

remainder stating that HRT had no effect on or decreased risk37. Although other studies have 

assessed beliefs about breast cancer causation, many of these refer only to “use of hormones”35, 

or group HRT use together with oral contraceptive use30 32, so participants’ beliefs about the 

effect of HRT on breast cancer risk cannot be precisely ascertained.  

5.1.6 Changing awareness of HRT risk 

One of the limitations of drawing conclusions about the accuracy of self-reported HRT use from 

existing research is that the general population’s awareness of risk factors for disease may 

change over time. This may be particularly relevant to HRT, given the publicity over the early 

cessation of the oestrogen and progestin trial arm of the Women’s Health Initiative (WHI), due 

to increased breast cancer risk97. Indeed, research indicates that women—both menopausal and 

otherwise—were aware of the WHI HRT findings that were published in July 200297. Barber et 

al108 noted that in a study of Minnesotan postmenopausal women who used HRT, 96% of 

women surveyed between August 2002 and January 2003 were aware of the WHI findings 

regarding oestrogen plus progestin. Ettinger et al109 similarly found that 93% of women aged 

between 50 and 69 years who had filled HRT prescriptions in the year prior to July 2002 were 

aware of the WHI findings. In a random sample of United States women aged between 40 and 

79 years, more than half cited an awareness of “hormone therapy study findings”110. Awareness 

of the WHI results regarding HRT use was not just limited to United States women: a study of 

women aged 45 to 75 years from Germany, Great Britain, France, and Spain found that 

approximately two thirds of current and former HRT users had “heard about” risks and benefits 

of HRT since July 2002 111. In a survey of New Zealand HRT users aged 49 years and over, 

more than half of women ceased using HRT within six months of the July 2002 WHI 

findings112. 

However, awareness of WHI findings did not always translate into a change in belief about or 

aversion to HRT in users; Barber et al108 found that among the menopausal women who cited an 

awareness of the WHI findings, only 40% knew specifically about an increased risk of breast 

cancer. Breslau et al110 reported that of United States women surveyed from July to August 

2002, just weeks after the WHI HRT results were announced, more than half cited an awareness 

of “hormone therapy study findings”, yet nearly three quarters of women surveyed reported 

feeling “confused about hormone therapy use”. Amongst menopausal women surveyed by 

Levens et al113 in 2004, 61% were aware of the WHI results, yet only 41% reported a change in 
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attitude towards HRT after learning of the WHI findings; of HRT users only a quarter reported a 

change of attitude. Amongst clinicians, awareness of WHI findings did not always result in a 

change in view about HRT; in a survey of 283 Chilean gynaecologists, almost all participants 

(97%) reported an awareness of the WHI results, yet only two thirds of these (65%) reported 

changing their therapeutic approach as a result114.  

Additionally, belief about HRT risk in relation to the WHI findings may be affected by 

socioeconomic factors, with several studies noting an association between awareness of the 

WHI results and higher socioeconomic status or education levels110 114. Regardless of the 

disparities in women’s beliefs and knowledge following the WHI results, worldwide use of 

HRT declined notably following the publication of the WHI results in 2002; in the US, for 

example, HRT use decreased by 46% in the five months following the first publication of WHI 

findings115. 

5.1.7 Recall bias and belief 

Although women’s beliefs about disease aetiology may be modified by changes in public 

awareness of risk factors, it does not necessarily follow that a change in awareness will lead to a 

change in the accuracy of self-reported exposure. As demonstrated in the previous chapter, 

BCEES participants’ beliefs about the effect of shift work on breast cancer risk were 

unmodified by recalling shift work exposure, for both cases and controls alike. Rather, it 

appeared that differences between cases and controls in their beliefs about risk could plausibly 

be attributed to the combination of exposure plus disease, rather than the combination of belief 

and disease modifying the accuracy of self-reported exposure.  

5.1.8 Aims 

We undertook a study to examine whether the association between ever use of combined HRT 

and breast cancer differed according to women’s belief about the effect of HRT on breast cancer 

risk. Given that HRT ever use has been shown to be self-reported with some accuracy and 

consistency—despite the limitations of “gold standard” measurements of true HRT use—we 

hypothesised that if there were significant differences in the association between combined 

HRT and breast cancer by belief, then this would potentially result from exposed cases being 

more likely to believe that exposure increased risk. 
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Table 5.2: Effect of case–control status and sociodemographic factors on accuracy and reliability of self-reported ever use of HRT 

Accuracy/reliability of HRT ever use

Case–control 
status 

No significant difference: 
• Goodman, 199053. No significant difference in agreement for breast cancer cases, hospital controls and neighbourhood controls (87.2%, κ=0.74 vs

84.4%, κ=0.68 vs 89.5%, κ=0.79, p=0.16).
• Paganini-Hill et al., 200756. No significant difference between breast cancer cases and controls for ever use of postmenopausal oestrogen (87%,

κ=0.63 vs 82%, κ=0.53, p≥0.05).
• Slanger et al., 2007103. No significant difference in agreement between breast cancer cases and controls (97%, κ=0.92 vs 95%, κ=0.86, p=0.66)

Agreement reported separately but no statistical test of difference:
• Jain et al., 199955. Similar agreement for endometrial cancer cases and controls (87%, κ=0.74 vs 90%, κ=0.79).
• Kropp et al., 200754. Slightly higher agreement for controls compared with cases (89.8%, κ=0.76 vs 86.6%, κ=0.68). When women prescribed HRT

only once for 3 months or less were categorised as never users, agreement was similar for breast cancer cases and controls (90.6%, κ=0.79 vs
89.8% κ=0.77).

• Newcomb et al., 2002101. Similar agreement for breast cancer cases and controls (κ=0.92 vs κ=0.89, percentage agreement not reported).

Significant difference:
• Paganini-Hill et al., 200756. Significantly higher agreement in breast cancer cases than controls for ever use of postmenopausal progestogen (85%,

κ=0.63 vs 82%, κ=0.52, p<0.05).

Age No significant difference: 
• Goodman et al., 199053. No significant difference in agreement by age group (86.0%, κ=0.72 for 45–54 years; 88.3%, κ=0.74 for 55–64 years; 86.2%,

κ=0.72 for 65–74 years, p=0.90).
• Greendale et al., 1997110. No significant difference in consistency by age group (percentage agreement and p–value not cited but p≥0.001).
• Paganini-Hill et al., 200756.  No significant difference by age in agreement for progestogen (agreement percentage, kappa, p–value and age group

definitions not reported).

Agreement reported separately but no statistical test of difference: 
• Jain et al., 199955.  Some difference but no trend in agreement by age group (89%, κ=0.75 for 30–54 years; 90%, κ=0.81 for 55–64 years; 86%,

κ=0.71 for 65–79 years).
• Kropp et al., 200754.  Similar agreement for age group (88.4%, κ=0.73 for <60 years; 88.0%, κ=0.71 for ≥60 years).

Significant difference:
• Løkkegaard et al., 200498.  Significantly higher agreement in younger women (median age 56 for agreement; median age 58 for non-agreement,

p=0.05).
• Paganini-Hill et al., 200756.  Significantly higher agreement for oestrogen use in younger women (agreement percentage, kappa, p–value and age

group definitions not reported).
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Table 5.2, continued 

 Accuracy/reliability of HRT ever use 

Socioeconomic 
status 

No significant difference: 
• Greendale et al., 1997100.  No significant difference in consistency for family income level (percentage agreement and p–value not cited but p≥0.001). 

Agreement reported separately but no statistical test of difference: 
• Banks et al., 200158.  Agreement “equally high” for women from affluent and deprived general practices, no statistical test of difference or percentage 

agreement cited. 
 

Education No significant difference: 
• Goodman et al., 199053.  No significant difference in agreement (90.9%, κ=0.82 for grammar school; 85.8%, κ=0.70 for high school; 86.4%, κ=0.72 for 

college, p=0.06). 
• Greendale et al., 1997100.  No significant difference in consistency by education level (percentage agreement and p–value not cited but p≥0.001). 

Agreement reported separately but no statistical test of difference: 
• Jain et al., 199955.  Similar agreement by education level (89%, κ=0.76 for no university; 88%, κ=0.76 for university). 
• Kropp et al., 200754.  Higher agreement in more educated women (95.0%, κ=0.85 for high education level; 88.1%, κ=0.72 for intermediate education 

level; 76.8%, κ=0.54 for low education level). 

Significant difference: 
• Sandini et al., 2008102.  Significantly higher self-reporting compared to prescription database for women with a higher education level (p<0.001). 

 

Marital status No significant difference: 
• Goodman et al., 199053.  No significant difference by marital status (87.5%, κ=0.74 for married; 85.8%, κ=0.72 for other, p=0.54). 
• Paganini-Hill et al., 200756.  No significant difference in agreement by marital status for progestogen use (percentage agreement, kappa and p–values 

not reported). 

Agreement reported separately but no statistical test of difference: 
• Jain et al., 199955.  Similar agreement by marital status (88%, κ=0.76 for ever married; 88%, κ=-0.72 for never married). 
• Kropp et al., 200754.  Slightly higher agreement for single women compared with married/cohabiting women (90.4%, κ=0.79 vs 87.4%, κ=0.69). 

Significant difference: 
• Paganini-Hill et al., 200756.  Significantly higher agreement for oestrogen use in married women compared with unmarried (percentage agreement, 

kappa and p–values not reported). 
•  

Ethnicity Significant difference: 
• Goodman et al., 199053.  Significantly higher agreement for Japanese women compared with non-Japanese women (89.3%, κ=0.79 vs 84.0%, 

κ=0.67, p<0.01). 
• Greendale et al., 1997100.  Significantly higher consistency for white compared with non-white (percentage agreement not cited, p<0.001). 
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Table 5.2, continued 

 Accuracy/reliability of HRT ever use 

Smoking status No significant difference: 
• Løkkegaard et al., 200498.  No significant difference in agreement by smoking status (86.7% for never smoker; 87.0% for former smoker; 86.4% for 1–

14 cigarettes/day; 96.2% for >14 cigarettes/day, p–value not cited but >0.05). 

Agreement reported separately but no statistical test of difference: 
• Jain et al., 199955.  Similar agreement by smoking status (88%, κ=0.75 for never smoked; 89%, κ=0.78 for ever smoked). 

Significant difference: 
• Goodman et al., 199053.  Significantly higher agreement for non-smokers compared with smokers (89.8%, κ=0.79 vs 82.2%, κ=0.64, p<0.01).  

 

Family history 
of breast cancer 

No significant difference: 
• Goodman et al., 199053.  No significant difference by family history of breast cancer (87.3%, κ=0.74 for no history; 86.4%, κ=0.73 for family history, 

p=0.79). 

Agreement reported separately but no statistical test of difference: 
• Jain et al., 199955.  Similar agreement by family history of cancer (88%, κ=0.76 for no history; 88%, κ=0.77 for family history). 
• Kropp et al., 2007.  Slightly higher agreement for women whose mother had breast cancer (91.4%, κ=0.80 vs 87.9%, κ=0.72). 

 

BMI No significant difference: 
• Løkkegaard et al., 200498.  No significant difference in agreement by BMI (85.1% for <18.5; 85.4% for 18.5–25.0; 87.7% for 25.0–30.0; 86.5% for 

>30.0, p–value not cited but >0.05). 

Agreement reported separately but no statistical test of difference: 
• Kropp et al., 200754.  Similar agreement by BMI (88.2%, κ=0.69 for BMI≤25; 88.2%, κ=0.74 for BMI>25). 

 

Residential 
status 

No significant difference: 
• Goodman et al., 199053.  No significant difference by residential status (86.4%, κ=0.72 for homeowner; 88.3%, κ=0.77 for other, p=0.35) 

Alcohol 
consumption 

No significant difference: 
• Løkkegaard et al., 200498.  No significant difference in agreement by alcohol consumption (85.5% for none; 86.8% for 1–14 drinks/week; 89.7% for 

15–21 drinks/week; 84.5% for >21 drinks/week, p–value not cited but >0.05). 
 

Physical activity No significant difference: 
• Løkkegaard et al., 200498.  No difference in agreement by physical activity (91.2% for inactive; 85.8% for moderate activity; 88.3% for high activity, p–

value not cited but >0.05). 
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5.2 Methods 

5.2.1 Participants 

Participants were from the Breast Cancer, Environment and Employment Study, a case–control 

study of the environmental and lifestyle factors associated with breast cancer. Recruitment and 

participation for the study have previously been described in the first and second manuscripts 

(Chapters Three and Four) and in the Methods section of this thesis (Chapter Two).  

5.2.2 Exposure assessment 

Use of hormone replacement therapy was assessed from participants’ self-reported responses in 

the BCEES Lifestyle and Environment Questionnaire (LEQ) (Appendix 8.1, questions 44.0 to 

44.6).  

Women were classified as having ever used combined HRT if they noted that they had ever 

taken combined oestrogen and progestin hormone therapy. Women who used other forms of 

HRT, including over-the-counter forms, but who had never used combined HRT were classified 

as having used other HRT only. Due to the structure of the questionnaire and the fact that some 

participants took multiple types of HRT, it was not possible to accurately determine whether 

women were current or prior users of HRT, or at what age they commenced or ceased HRT. 

5.2.3 Measurement of belief about risk of hormone replacement therapy 

Women’s belief about the effect of HRT on breast cancer risk was measured by their response 

to the exposure item “Hormone Replacement Therapy” in the BCEES Risk Perception 

Questionnaire (RPQ) (Appendix 8.2). Responses for “Increase a lot” and “Increase a little” 

were grouped together and compared with all other responses combined (“Decrease a lot”, 

“Decrease a little”, “Don’t know” and “No effect”).  

5.2.4 Statistical analysis 
Association between HRT use and breast cancer 

The association between self-reported ever use of combined HRT and breast cancer was 

evaluated using logistic regression analyses. Participants who never took any HRT formed the 

reference category and women who ever took combined HRT and women who ever took other 

kinds of HRT were compared to this reference. Belief about the effect of HRT on breast cancer 

risk was then added to logistic regression models as a two-way interaction between belief and 

reported HRT use. The lincom (linear combinations) command in Stata was used to obtain 

individual odds ratios for strata of belief and HRT use. Models for the association between 

breast cancer and HRT were then stratified by belief about the effect of HRT and odds 

ratios reported for both tiers of belief (Figure 5.1).  
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Association between HRT use and breast cancer: 
• Disease = HRT + age
• Disease = HRT + belief + HRT*belief + age
• Stratified by belief:

o Disease = HRT + age

Association between HRT use and breast cancer: 
• Belief = HRT + age
• Belief = HRT + disease + disease*HRT + age
• Stratified by disease:

o Belief = HRT + age

Figure 5.1: Statistical models for analysis of HRT results in BCEES participants 

Association between HRT use and belief 

It is possible that HRT may have been reported accurately, and that differences in the 

association between HRT use and breast cancer by belief were due to the combination of 

disease and exposure influencing belief. To investigate this, the association between HRT use 

and belief was assessed using logistic regression models with HRT use as the exposure and 

belief as the outcome. Case–control status was then added to the model and a two-way 

interaction between case–control status and HRT was evaluated. The lincom command in Stata 

was again used to obtain individual odds ratios for strata of disease status and HRT use. Odds 

ratios for the association between HRT use and belief were then reported separately for both 

cases and controls (Figure 5.1). 

Confounders 

The chest command in Stata was used to ascertain whether potential confounders (education, 

family history of breast cancer, country of birth, socioeconomic status, geographic remoteness, 

parity, breastfeeding duration and alcohol consumption) influenced the association between 

HRT use and breast cancer. As no potential confounders changed the OR of interest by more 

than 10%—either when belief was included or omitted from models—only age was adjusted for 

in the analyses as case and controls were frequency matched on age. 

5.3 Results 
Of the 2994 BCEES study participants, 2741 completed the RPQ and had a questionnaire 

response for HRT use. Nearly two thirds of participants (65.5%) believed that HRT increased 

breast cancer risk, with the remainder stating that it had no effect or decreased risk, 

or responding “Don’t know”; beliefs were similar among cases and controls (Table 5.3).  
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Table 5.3: Characteristics of BCEES participants who completed the RPQ and responded to 
LEQ questions about HRT use 

All participants 
(2741) 

Cases 
(1108) 

Controls 
(1633) 

n % n % n % 

Age 

<45 309 11.3 156 14.1 153 9.4 

45–49 339 12.4 155 14.0 184 11.3 

50–54 348 12.7 138 12.4 210 12.9 

55–59 440 16.1 165 14.9 275 16.8 

60–64 481 17.5 183 16.5 298 18.2 

65–69 393 14.3 137 12.4 256 15.7 

70+ 431 15.7 174 15.7 257 15.7 

Country of Birth 

Australia/NZ 1790 65.3 699 63.1 1091 66.8 

UK/Ireland 597 21.8 250 22.6 347 21.2 

Europe 143 5.2 61 5.5 82 5.0 

Asia 116 4.2 56 5.1 60 3.7 

Other 95 3.5 42 3.8 53 3.2 

Highest level of education 

No university degree 2218 80.9 867 78.2 1351 82.7 

University degree or higher 523 19.1 241 21.8 282 17.3 

Family history of breast cancer 

No family history 1838 67.1 668 60.3 1170 71.6 

Some family history 621 22.6 281 25.3 340 20.8 

High risk family history 275 10.0 156 14.1 119 7.3 

Missing/unknown 7 0.3 3 0.3 4 0.2 

Belief about effect of HRT on breast cancer risk 

Don’t believe HRT 
increases risk  945 34.5 394 35.6 551 33.7 

Believe HRT increases risk 1796 65.5 714 64.4 1082 66.3 

5.3.1 Association between HRT use and breast cancer 

A significant positive association between ever use of combined HRT and breast cancer was 

found (OR=1.74, 95% CI: 1.30, 2.33), while a protective effect was found for ever use of other 

types of HRT (OR=0.82, 95% CI: 0.67, 0.99, Table 5.4). The interaction term for belief 

about effect of HRT and	 reported HRT ever use was significant (p<0.001). Compared with 

non-users of HRT who did not believe that HRT increased risk, breast cancer risk was elevated 

in women who believed and who used combined HRT (OR=1.75, 95% CI: 1.23, 2.48, data not 

shown). 
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Table 5.4: Age-adjusted association between HRT (predictor) and breast cancer (outcome), before and after stratifying by belief 

All participants 
(n=2741) 

Don’t believe HRT increases risk 
(n=1796) 

Believe HRT increases risk 
(n=945) 

n % ORa 95% CI n % OR 95% CI n % OR 95% CI 

Never took HRT 1599 58.3 Ref 639 67.6 Ref 960 53.4 Ref 

Ever used other HRTb 912 33.3 0.82 0.67, 0.99 256 27.1 0.52 0.36, 0.73 656 36.5 1.02 0.81, 1.28 

Ever used combined HRTc 230 8.4 1.74 1.30, 2.33 50 5.3 0.73 0.40, 1.36 180 10.0 2.37 1.69, 3.32 
a Belief not included in unstratified model. 
b Includes over-the-counter HRT, single oestrogen and single progestin forms of HRT. 
c Ever used combined oestrogen and progestin HRT.  

Table 5.5: Age-adjusted association between HRT (predictor) and belief (outcome), before and after stratifying by case–control status 

All participants 
(n=2741) 

Cases 
(n=1108) 

Controls 
(n=1633) 

n % ORd 95% CI n % OR 95% CI n % OR 95% CI 

Never took HRT 1599 58.3 Ref 678 61.2 Ref 921 56.4 Ref 

Ever used other HRTe 912 33.3 1.54 1.26, 1.88 311 28.1 2.45 1.74, 3.45 601 36.8 1.17 0.91, 1.51 

Ever used combined HRTf 230 8.4 1.91 1.36, 2.69 119 10.7 3.72 2.16, 6.40 111 6.8 1.13 0.72, 1.77 
d Case–control status not included in unstratified model. 
e Includes over-the-counter HRT, single oestrogen and single progestin forms of HRT. 
f Ever used combined oestrogen and progestin HRT.  
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After stratification by belief, there was no association between combined HRT use and breast 

cancer for women who did not believe that HRT increased risk (OR=0.73, 95% CI: 0.40, 1.36, 

Table 5.4). For these women, using other types of HRT had a significant protective effect 

compared with women who had never used HRT (OR=0.52, 95% CI: 0.36, 0.73, Table 5.4). 

Among women who believed that HRT increased risk, the use of combined HRT increased the 

risk of breast cancer by more than twofold (OR=2.37, 95% CI 1.69, 3.32, Table 5.4) compared 

with women who never took HRT. There was no association between other types of HRT and 

breast cancer among women who believed HRT increased risk (OR=1.02, 95% CI: 0.81, 

1.28, Table 5.4).  

5.3.2 Association between HRT use and belief 

Across all participants, women who reported taking combined HRT were more likely to believe 

that it increased breast cancer risk, compared with women who reported having never used 

HRT (OR=1.91, 95% CI: 1.36, 2.69, Table 5.5). Women who took other HRT types were also 

more likely to believe HRT increased risk (OR=1.54, 95% CI: 1.26, 1.88, Table 5.5). 

After adding case–control status to the model, a significant interaction was found between HRT 

use and case–control status (p=0.001). Compared with controls who had never used HRT, cases 

who had used combined HRT were more than twice as likely to believe that HRT increased 

breast cancer risk (OR=2.56, 95% CI: 1.52, 4.29, data not shown). 

After stratification by case–control status, there was no association between use of HRT and 

belief for controls. Amongst cases, women were more likely to believe that HRT increased risk 

if they had used any type of HRT, when compared with women who had not used HRT 

(OR=3.72, 95% CI: 2.16, 6.40 for combined HRT; OR=2.45, 95% CI: 1.74, 3.45 for other HRT, 

Table 5.5). 

5.4 Discussion 
Across all BCEES participants, there was a positive association between ever use of combined 

HRT and breast cancer, yet after stratification by belief about HRT, this association was 

significant only for women who believed that HRT use increased breast cancer risk. These 

findings may indicate recall bias, if cases who believed that breast cancer increased risk were 

more likely to remember and report having ever used HRT. For example, as in Figure 5.2, if 

cases systematically overestimated their exposure and controls systematically underestimated 

their exposure, then an inflated odds ratio for the association between exposure and disease might 

ensue. However, studies have shown that ever use of HRT is usually self-reported accurately and 

consistently—and that accuracy of self-reporting is generally similar between breast cancer cases 

and controls53  54  101  103.     Furthermore, analysis of responses for the same study population in the
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preceding chapter demonstrated that being prompted to recall exposure to shift work did not 

modify belief. 

Figure 5.2: Association between HRT use, breast cancer, and belief, assuming existence of 
recall bias influenced by belief 

Figure 5.3: Proposed association between reported and true HRT use, breast cancer, and 
belief, based on BCEES results 

There was no apparent association between reported combined HRT use and breast cancer in 

women who did not believe that HRT increased risk. This suggests that women who did not use 

combined HRT and who had not been diagnosed with disease were more likely to believe that 

HRT did not increase risk; given the established association between combined HRT and breast 

cancer this scenario is more likely than controls neglecting to remember their past HRT use. 

Similarly, again assuming that the accuracy of self-reported HRT was non-differential amongst 

cases and controls as in previous studies, it seems likely that BCEES women who were 

diagnosed with breast cancer and who had used HRT were more likely to subsequently believe 
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that HRT increased risk. Thus, it is plausible that the observed association between combined 

HRT and breast cancer in BCEES participants was not modified by recall bias (wherein true 

exposure would be differentially reported amongst cases and controls due to belief) but rather 

resulted from the combination of disease and exposure affecting belief (wherein exposure was 

reported with equivalent accuracy amongst cases and controls) (Figure 5.2 and Figure 5.3). 

Given the consistently good agreement between self-reported ever use of HRT and gold 

standard measurements in previous studies53-56 58 98-103, HRT proves a useful exposure for 

elucidating the interrelationship between recall bias, self-reported exposure, and beliefs about 

breast cancer causation. As in the preceding chapter about reported shift work, it again appears 

likely that belief is modified by the combination of disease and exposure; the marked disparity 

in the association between ever use of HRT and breast cancer across strata of belief in BCEES 

participants is unlikely to be due to recall bias, given the high accuracy of self-reported HRT 

use in previous studies. 

5.4.1 Limitations 

Although participants reported use of different kinds of HRT, the risk perception questionnaire 

only asked participants about the effect of HRT in general on breast cancer risk. Therefore it is 

possible that participants responded to this question in relation to the type of HRT they had been 

taking rather than in relation to all types of HRT. 

Additionally, because of the way in which the LEQ was structured, it was not possible to 

accurately ascertain the timing of HRT exposure, including duration between either cessation of 

combined HRT and breast cancer diagnosis for cases or the cessation of combined HRT and 

LEQ completion for LEQ for controls. Current research suggests that the risk of breast cancer 

diminishes with time after cessation of HRT16 and as such, the measured association between 

HRT and breast cancer in this study does not take this into account.  

5.5 Conclusion 
Differences in the association between disease and HRT use by belief about HRT risk would 

appear to be due to the combination of disease and exposure modifying belief, rather than as a 

result of recall bias. These results suggest that recall bias may be less of a concern in case–

control studies that is often surmised.  
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Self-reported exposure and beliefs about6.
disease causation for alcohol and body weight

6.1 Introduction 

This chapter examines the association between breast cancer and two of its established cancer 

risk factors, alcohol and excess body weight, using data from the Breast Cancer, Environment 

and Employment Study (BCEES). It investigates whether the associations between these risk 

factors and breast cancer are modified by BCEES participants’ beliefs about the effect on breast 

cancer risk of alcohol consumption and being overweight. It further presents a discussion about 

the possible reasons for the observed results, which may include recall bias and other forms of 

exposure misclassification.  

6.1.1 Association between alcohol consumption and breast cancer 

Alcohol consumption is an established risk factor for breast cancer18 and its association with 

breast cancer has been demonstrated in multiple studies116. The risk of breast cancer increases 

with increased alcohol consumption, even after adjusting for personal and sociodemographic 

factors such as race, education, or family history of breast cancer116. There appears to be little 

evidence that the age at which women commence drinking affects this association, nor does the 

type of alcoholic beverage consumed18. 

Validity of self-reporting of alcohol consumption 

In epidemiological studies, exposure to alcohol is frequently measured by self-reported alcohol 

consumption, the reliability of which may be affected by several factors, including 

questionnaire design, duration between exposure and reporting, and sociodemographic factors. 

A systematic review of alcohol intake assessment methods117 found that self-reported alcohol 

consumption was increased by up to 19% when participants were asked separately about 

specific alcoholic beverage types, such as wine, beer and spirits. The same review also found 

that alcohol intake was estimated at 20% lower when recorded using retrospective diaries, 

compared with using prospective diaries or a quantity frequency estimation method117. In 

contrast, the reference period between consumption and reporting did not appear to modify 

reported alcohol consumption117.  

Although several studies have examined the reliability of recalled alcohol consumption over 

short periods of time118-120, there are limited data on the reliability of alcohol consumption 

recalled over a longer duration of several years121. One study, which used a test–retest method to 

compare alcohol consumption reported at baseline with consumption retrospectively recalled ten 

years later, found that concordance of alcohol consumption for female participants was between 
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51% and 77% when using a four-level categorical variable, with a weighted kappa of 0.45122. 

Another study reported a strong correlation between total alcohol consumption measured at 

baseline and recalled five years later (Pearson’s r=0.90), although when measured separately by 

beverage type, there were strong correlations for beer and spirit consumption (Pearson’s r=0.86 

and r=0.96, respectively) but a weaker association for wine (Pearson’s r=0.23)123. The same 

authors also noted that correlation for alcohol frequency in drinking occasions per month was 

strong for beer and spirits (Pearson’s r=0.88 and 0.85, respectively) but only fair for wine 

(Pearson’s r=0.44). Recall of alcohol quantity in drinks per occasion was less reliable for beer 

and spirits (Pearson’s r=0.45 and r=0.49, respectively) and even less so for wine (Pearson’s 

r=0.07)123. In a study of medical students whose alcohol consumption was recalled 

retrospectively at both 15 years and 23 years, Chu et al. noted strong correlation for overall 

alcohol consumption (Spearman’s r=0.81), although this was slightly less for individual 

beverage types (Spearman’s r=0.67 for beer; r=0.69 for wine; and r=0.74 for distilled spirits). 

Chu et al. also found that older age was associated with underestimation of past alcohol 

consumption121.  

There are currently limited data on the effect of sociodemographic factors on the reliability of 

long-term recall of alcohol consumption. Age may play some role; Liu et al. reported that 

reliability of recalled alcohol consumption for ten years prior was slightly better for older 

women compared with younger women (κ=0.50, 95% CI: 0.43, 0.57 for women aged 64–66 

years and κ=0.35, 95% CI: 0.28, 0.42 for women aged 24–26 years)122. The same study also 

found that women who had undertaken further education after high school were more likely to 

accurately recall alcohol consumption measured ten years prior than their less educated 

counterparts (r=0.73, 95% CI: 0.66, 0.80 for women with post-secondary education vs r=0.60, 

95% CI: 0.54, 0.66 for women who did not complete high school)122. White women were more 

likely to correctly recall baseline alcohol intake than non-white women (r=0.68, 95% CI: 0.64, 

0.72 for white women, r=0.59, 95% CI: 0.49, 0.69 for non-white women)122. 

Several studies have reported that baseline or current alcohol consumption may affect the 

reliability of recalled alcohol intake in the distant past. Liu et al. noted that heavier drinkers at 

baseline tended to underestimate their alcohol consumption when recalling it ten years later, 

with poor sensitivity when baseline alcohol intake was used as a gold standard122. Czarnecki et 

al., when comparing drinking categories in pregnant women using a test–retest methodology 

with a five–year interval, noted that current alcohol consumption did not consistently appear to 

be associated with reliability of recall, although current heavier drinkers at baseline were more 

likely to overstate their alcohol intake in retrospect123.  

There is little research to date about the effect of disease status on the validity of recalled 

alcohol consumption. A nested case–control study of breast cancer within the Nurses’ Health 
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Study separately measured the association between alcohol consumption and breast cancer 

using alcohol intake measured prospectively and then retrospectively recalled four years later.124 

Using retrospectively self-reported alcohol intake slightly attenuated the positive association 

between alcohol and breast cancer when compared with prospective intake, suggesting that 

disease status may have modified participants’ recalled alcohol consumption124.  

6.1.2 Awareness of alcohol as a risk factor for breast cancer 

Research into women’s ability to identify alcohol as a risk factor for breast and other cancers 

has shown varying results. A study of the general population in Barcelona, Spain, found that 

most women (85.2%) believed that reducing alcohol consumption would prevent cancer36. One 

UK study reported that 81% of adults identified excess alcohol as a cause of cancer when 

prompted28, while another study of UK women found that only 8% identified alcohol to increase 

breast cancer risk when prompted29. Two studies of the US general population reported that less 

than one third of women believed alcohol to be a breast cancer risk factor32 33 86. Likewise, 

among women diagnosed with breast cancer, a US study found that only one third of women 

(32.7%) identified alcohol consumption as increasing breast cancer risk34.  

Even when women do identify alcohol as a breast cancer risk factor, they more frequently 

identify other factors not known to be associated with breast cancer than alcohol. In the study 

cited above, where one third of US women identified alcohol as a breast cancer risk factor, more 

than half of women believed that other factors such as stress (60.8%) or food additives (55.5%) 

increased breast cancer risk34. Similarly, a study of the US general population found that women 

more frequently identified factors such as living near airports or injuries to the breast as 

increasing breast cancer risk than alcohol consumption32. Within the UK where only 8% of 

women identified alcohol as a risk factor, 28% or women believed that bumping or bruising the 

breast could increase breast cancer risk and 22% nominated stress as a risk factor29. Even in the 

Spanish study where 85.2% of women agreed that alcohol caused cancer, participants were still 

more likely to believe that cancer could be prevented by avoiding exposure to electromagnetic 

fields (95.0%) and just as likely to believe that it could be prevented by avoiding genetically 

modified foods (85.8%)36.  

6.1.3 Association between body weight and breast cancer 

Being overweight or obese is an established risk factor for breast cancer in postmenopausal 

women1 20 22. A recent meta-analysis of fifty studies found that in postmenopausal women, 

breast cancer risk was increased in overweight and obese women compared to normal weight 

women (OR=1.15, 95% CI: 1.07, 1.24) when using Body Mass Index (BMI) categories125. In 

contrast, increased body weight slightly reduced breast cancer risk in premenopausal women, 

with results consistent with no association (OR=0.93, 95% CI: 0.86, 1.02)125. Another meta-

analysis of observational prospective studies found in increased risk for postmenopausal women 
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with a risk estimate of 1.12 (95% CI: 1.08, 1.16) for each 5kg/m2 increase in BMI23. Other 

studies have found that breast cancer risk increases with increased BMI126 127. The association 

between being overweight or obese and breast cancer may differ by hormone receptor status, 

with excess weight posing a greater risk of ER+/PR+ and ER-/PR+ tumours than ER+/PR- 

tumours126 128. 

Accuracy of self-reported height and weight 

Several studies have shown that adults tend to over-report their height and under-report their 

weight, resulting in an underestimation of BMI derived from self-reported measurements129. A 

recent systematic review comparing measured and self-reported height and weight noted that in 

almost all studies women underestimated their weight129. The direction of weight 

misclassification also differs by participants’ true measurements, with obese individuals being 

more likely to under-report their weight and to under-report it to a greater degree than normal 

weight participants130-133.  

Some research has found that accuracy of self-reported height and weight is modified by age, 

with older participants being increasingly likely to over-report their height and younger 

overweight women more likely to under-report their weight132 134 135. In addition, 

sociodemographic factors such as ethnicity, education, marital status, occupation, and income 

may also affect the accuracy of self-reported height and weight130 134 135. 

There is little research to date about the effect of disease status on accuracy of self-reported 

anthropometric data. In one study, Zhu et al. compared self-reported data with medical records 

data and found that the accuracy of self-reported weight was equivalent amongst prostate cancer 

cases and controls (r=0.95–0.96)136. The same authors found that height was more variable, 

with older cases less likely to recall accurately than younger controls (r=0.80 for cases aged 65–

69 years and r=0.96 for controls aged 40–64 years)136. 

6.1.4 Awareness of excess body weight as a breast cancer risk factor 

Research to date has shown varying results with regard to women’s awareness of being 

overweight or obese as a risk factor for breast cancer. One UK study found that less than half of 

women from the general population (46%) identified being overweight or obese as a breast 

cancer risk factor30, while a study of the US general population found that just over one third of 

women were aware that obesity after menopause increased breast cancer risk32. Likewise, in a 

study of US women diagnosed with breast cancer, less than half of participants (48.1%) 

believed that obesity or being overweight increased breast cancer risk34. In contrast, a 2007 

Australian study found that 85.5% of women who had never been diagnosed with breast cancer 

identified being overweight as a risk factor for breast cancer, with 44.8% deeming it a “small 

risk” and 40.7% deeming it a “big risk”24.  
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As with alcohol, women tend to more frequently rate other unrelated factors as increasing breast 

cancer risk compared with being overweight or obese. Women in Australia, the US and the UK 

are less likely to identify being overweight as a breast cancer risk factor than other factors such 

as injuries to the breast29 32, living near airports32, pollution33, stress27 29 33 34 or food additives34. 

6.1.5 Aims 

This chapter aims to investigate whether the associations between self-reported exposure to 

alcohol and BMI and breast cancer in a case–control study are modified by participants’ beliefs 

about the effect of these factors on breast cancer risk.  

6.2 Methods 
Participants were from the Breast Cancer, Environment and Employment Study (BCEES), for 

which the recruitment process has been described in previous chapters of this thesis. Body mass 

index and alcohol consumption are analysed in this chapter, as both these exposures were 

self-reported in the BCEES Lifestyle and Environment Questionnaire (LEQ, Appendix 8.1) 

and corresponded with exposures rated by participants in the Risk Perception Questionnaire 

(RPQ, Appendix 8.2, Table 6.1).  

Table 6.1: Self-reported exposure and corresponding Risk Perception Questionnaire items 

Self-reported exposure to risk factor from 
Lifestyle and Environment Questionnaire 

Corresponding Risk Perception 
Questionnaire item 

Standard drinks per week “Alcohol” 

Frequency of drinking beer “Beer” 

Frequency of drinking red wine “Red wine” 

Current height & weight => BMI “Being overweight or obese” 

6.2.1 Exposure assessment 

Exposure to alcohol, red wine, and beer was determined by participants’ responses to the LEQ 

question “Ten years ago, how often did you drink the following alcoholic drinks?”. Participants 

rated the frequency with which they consumed the following types of alcoholic beverages: “Beer 

(full strength)”; “Beer (low alcohol)”; “Red wine”; “White or sparkling wines”; “Fortified wines, 

port, sherry, etc.”; and “Spirits, liqueurs” (Figure 6.1). Beer and red wine exposure was 

calculated by the number of days per week of drinking each beverage. Because of the structure of 

the questionnaire (Figure 6.1) it was not possible to ascertain the number of days of drinking per 

week across all beverage types, as if participants drank multiple beverage types it was unknown if 

these were consumed concurrently or on separate days. Consequently, alcohol consumption per 

week was calculated by multiplying the response to the question “On days when you were 

drinking, how many glasses of beer, wine or spirits altogether did you usually drink 10 years 

ago?” by the frequency of drinking derived from Question 48 across all 
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alcohol types. No alcohol consumption was used as the reference group in logistic regression 

models for alcohol consumption, whereas abstinence from beer or wine was used as the 

reference group for these beverage types. 

Figure 6.1: BCEES Lifestyle and Environment Questionnaire alcohol consumption questions 

BMI was determined by participants’ height and current weight as self-reported in the LEQ. All 

BMI analyses were restricted to postmenopausal women as the positive association between 

being overweight and breast cancer has been established in this group1 23 125, but is inconclusive 

in premenopausal women. For analysis, participants were grouped into BMI categories of 

normal/underweight (<25) and overweight/obese (25+), with normal/underweight women 

forming the reference group. 
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Participants’ menopausal status was determined from their response to question 40 in the LEQ 

(Figure 6.2). Women were classified as postmenopausal if they reported having being through 

menopause; if they were aged over 51 years and still had regular periods but used hormone 

replacement therapy; or if they were aged over 51 years and did not have regular periods for 

reasons including hysterectomy, oophorectomy, stress, or endometriosis. Women who had 

missing information on whether they had regular periods and were over age 51 were classified 

as postmenopausal.  

Figure 6.2: BCEES Lifestyle and Environment Questionnaire menstruation questions 

6.2.2 Belief about disease causation assessment 

Belief about disease causation in relation to alcohol consumption and body weight 

was determined from participants’ responses to the RPQ (Appendix 8.2), which has been 

described in previous chapters. For all analyses, responses for “Increase a lot” and “Increase a 

little” were grouped together and compared with all other responses combined. The RPQ 

responses for “Alcohol”, “Red wine”, “Beer”, and “Being overweight or obese” were 

analysed in relation to self-reported exposure to these factors (Table 6.1).  

6.2.3 Association between self-reported exposure and breast cancer 

Logistic regression was undertaken to measure the association between self-reported exposure 

to individual risk factors and breast cancer, with analyses conducted separately for alcohol, red 

wine, beer, and BMI group. Linear regression was also used to measure the association between 

alcohol consumption and breast cancer, and between BMI and breast cancer. 

If participants’ belief about risk affected their self-reported exposure or vice versa, it might be 

expected that there would be a significant interaction between belief and exposure for individual 

risk factors. To ascertain whether this occurred, an interaction term between self-reported 

exposure and corresponding belief was added to logistic and linear regression models. For 

models with a significant interaction, the lincom (linear combination) command in Stata was 
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used to measure the odds of disease for exposed women who believed exposure increased risk, 

compared with non-exposed women who did not believe; it was also used to measure the odds 

of disease for belief about exposure among exposed women.  

All models were stratified by belief (“Increase” vs all other responses) in order to ascertain the 

differing odds ratios for exposure by tiers of belief. 

Table 6.2: Characteristics of BCEES participants who completed the RPQ 

All participants 
(2742) 

Cases 
(1109) 

Controls 
(1633) 

n % n % n % 

Age 
<45 309 11.3 156 14.1 153 9.4 
45–49 339 12.4 155 14.0 184 11.3 
50–54 348 12.7 138 12.4 210 12.9 
55–59 440 16.0 165 14.9 275 16.8 
60–64 481 17.5 183 16.5 298 18.2 
65–69 394 14.4 138 12.4 256 15.7 
70+ 431 15.7 174 15.7 257 15.7 

Country of birth 
Australia/NZ 1791 65.3 700 63.1 1091 66.8 
UK/Ireland 597 21.8 250 22.5 347 21.2 
Europe 143 5.2 61 5.5 82 5.0 
Asia 116 4.2 56 5.0 60 3.7 
Other 95 3.5 42 3.8 53 3.2 

Highest level of education 
No university degree 2219 80.9 868 78.3 1351 82.7 
University degree or 
higher 523 19.1 241 21.7 282 17.3 

Family history of breast 
cancer 

No family history 1838 67.0 668 60.2 1170 71.6 
Some family history 276 10.0 281 25.3 340 20.8 
High risk family history 621 22.6 157 14.2 119 7.3 
Unknown/Missing 7 0.26 3 0.3 4 0.2 

Confounders 

All models were adjusted for age at diagnosis, with the exception of stratified analyses for BMI, 

due to collinearity. The chest command in Stata was used with logistic regression models that 

tested the association between risk factors and breast cancer in order to identify other potential 

confounders, including education, family history of breast cancer, country of birth, 

socioeconomic status, geographic remoteness index, parity, duration of breastfeeding, 

menopausal status, and alcohol consumption. The corresponding belief about risk was retained 

as a locked term for confounder testing. Alcohol consumption was omitted from confounder 

testing analyses for beer and red wine models. To keep final models parsimonious, confounders 
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were retained only if they changed the estimated odds ratio for exposure by greater than 10%. 

Confounders that were retained in models testing the association between risk factor and disease 

were also used in subsequent models that tested for an interaction between exposure and disease 

in predicting belief. 

6.3 Results 

6.3.1 Alcohol consumption 

Most women consumed at least one standard alcoholic drink per week, with one quarter of both 

cases and control consuming ten or more standard drinks per week (Table 6.3). Over two thirds 

of women reported abstaining from beer, while just over half of women abstained from red wine 

(Table 6.3). Only a small proportion of women drank beer or wine more than three times a week  

Table 6.3: BCEES participants' exposure to known risk factors for breast cancer 

All participants 
(2742) 

Cases 
(1109) 

Controls 
(1633) 

n % n % n % 

Alcohol (drinks per week, all 
alcohol types) 

None 445 16.2 185 16.7 260 15.9 
<1 342 12.5 130 11.7 212 13.0 
1–3 645 23.5 260 23.4 385 23.6 
4–6 349 12.7 131 11.8 218 13.3 
7–9 239 8.7 111 10.0 128 7.8 
10+ 715 26.1 289 26.1 426 26.1 
Unknown/Missing 7 0.3 3 0.3 4 0.2 

Beer (number of days drinking 
per week) 

None 1906 69.5 763 68.8 1143 70.0 
<1 553 20.2 236 21.3 317 19.4 
1–3 184 6.7 70 6.3 114 7.0 
4+ 92 3.4 37 3.3 55 3.4 
Unknown/missing 7 0.3 3 0.3 4 0.2 

Red wine (number of days 
drinking per week) 

None 1476 53.8 601 54.2 875 53.6 
<1 683 24.9 260 23.4 423 25.9 
1–3 380 13.9 157 14.2 223 13.7 
4+ 196 7.1 88 7.9 108 6.6 
Unknown/missing 7 0.3 3 0.3 4 0.2 

Current BMIa 
Underweight (<18.5) 39 1.9 16 2.1 23 1.8 
Normal weight (18.5 to <25) 775 38.0 287 37.0 488 38.6 
Overweight/Obese (25+) 1176 57.7 452 58.3 724 57.3 
Unknown/missing 49 2.4 20 2.6 29 2.3 

a Postmenopausal women only (n=2039) 
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The confounders retained for logistic regression models for alcohol consumption were age, 

breastfeeding duration, country of birth, education, family history of breast cancer, menopausal 

status, parity, and socioeconomic status. 

When all types of alcoholic beverages were grouped together, there was no significant 

association between categorical alcohol consumption and breast cancer (ptrend=0.409), nor was 

there a significant interaction between belief and alcohol consumption (p=0.165) after belief 

was added to the model (Table 6.4). After stratification by belief, alcohol consumption was not 

associated with disease for either tier of belief (ptrend=0.135 for women who did not 

believe; ptrend=0.571 for women who did believe, Table 6.4). 

Similarly, when considering alcohol consumption as a continuous variable, there was similarly 

no association between number of alcoholic drinks per week and breast cancer for all 

participants (OR=1.00, 95% CI=0.95, 1.04, data not shown), nor was there a significant 

interaction (p=0.085) between number of alcoholic drinks and belief about the effect of alcohol 

consumption on breast cancer risk after belief was added to the model. After stratification by 

belief, there was no association between breast cancer and alcohol consumption as a continuous 

variable both for women who did not believe (OR=0.95, 95% CI: 0.87, 1.03, data not shown) or 

for women who did (OR=1.02, 95% CI: 0.96, 1.07, data not shown). 

6.3.2 Beer 

The confounders retained for logistic regression models for beer consumption were age, 

breastfeeding duration, country of birth, education, menopausal status, and parity. 

As with overall alcohol consumption, there was no significant association between frequency of 

beer consumption and breast cancer (ptrend=0.348), nor was there a significant interaction 

between beer consumption and belief about beer risk (p=0.509). There was no association 

between beer consumption and breast cancer after stratification by belief about risk of beer 

consumption (ptrend=0.252 for women who did not believe; ptrend=0.901 for women who 

did believe; Table 6.4). 

6.3.3 Red wine 

The confounders retained for logistic regression models for red wine consumption were age, 

breastfeeding duration, country of birth, education, family history of breast cancer, menopausal 

status, parity, and socioeconomic status. 
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Table 6.4: Association between alcohol consumption and breast cancer in BCEES participants, before and after stratifying by belief 

All participants 
Don’t believe that exposure 

increases BC risk 
Believe that exposure 

increases BC risk 

OR 
for BCa 95% CI 

p–value 
trend 

p–value 
interactionb 

OR 
for BC 95% CI ptrend 

OR 
for BC 95% CI ptrend 

Alcohol (drinks per week, 
all alcohol types)c 0.409 0.165 0.135 0.571 

None (Ref) (Ref) (Ref) 
<1 0.86 0.64, 1.16 1.05 0.61, 1.80 0.76 0.53, 1.10 
1–3 0.93 0.72, 1.21 1.16 0.72, 1.86 0.84 0.62, 1.15 
4–6 0.85 0.63, 1.15 0.75 0.42, 1.34 0.89 0.62, 1.27 
7–9 1.18 0.85, 1.65 1.56 0.81, 3.00 1.06 0.71, 1.57 
10+ 0.89 0.69, 1.15 0.76 0.47, 1.22 0.94 0.69, 1.28 

Beer (number of days 
drinking per week)d 0.348 0.509 0.252 0.901 

None (Ref) (Ref) (Ref) 
<1 1.11 0.91, 1.35 1.11 0.83, 1.48 1.09 0.83, 1.44 
1–3 0.80 0.58, 1.11 0.64 0.38, 1.05 0.95 0.62, 1.46 
4+ 0.98 0.64, 1.52 1.07 0.58, 1.96 0.93 0.50, 1.75 

Red wine (number of days 
drinking per week)e 0.164 0.141 0.623 0.045 

None (Ref) (Ref) (Ref) 
<1 0.83 0.68, 1.01 0.97 0.76, 1.25 0.66 0.48, 0.91 
1–3 0.94 0.74, 1.20 0.83 0.59, 1.15 0.99 068, 1.42 
4+ 1.14 0.83, 1.56 1.11 0.73, 1.69 1.16 0.71, 1.89 

a Main effects for alcohol consumption. Belief not included as a predictor in unstratified models.  
b p–value for interaction term between belief and exposure. 
c Adjusted for age, breastfeeding duration, country of birth, education, family history of breast cancer, menopausal status, parity, and socioeconomic status. 
d Adjusted for age, breastfeeding duration, country of birth, education, menopausal status, and parity. 
e Adjusted for age, breastfeeding duration, country of birth, education, family history of breast cancer, menopausal status, parity, and socioeconomic status. 
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Across all BCEES participants, there was no significant association between consumption of red 

wine and breast cancer (ptrend=0.164), nor was there a significant interaction between red wine 

consumption and belief about the risk of red wine (p=0.141; Table 6.4). After stratification by 

belief about red wine risk, greater red wine consumption was associated with increased risk of 

breast cancer amongst women who believed that red wine increased risk(ptrend=0.045, Table 6.4); 

no such association was observed for women who did not believe that red wine increased risk 

(ptrend=0.623; Table 6.4). Amongst women who believed that red wine increased breast cancer 

risk, infrequent drinking of red wine (<1/week) had a protective effect compared with never 

drinking red wine (OR=0.66, 95% CI: 0.48, 0.91); this association was not observed amongst 

women who did not believe that red wine increased breast cancer risk (Table 6.4).  

6.3.4 Body weight 

Amongst participants who completed the RPQ, there were 2039 postmenopausal women. More 

than half of postmenopausal women were overweight or obese, with similar proportions amongst 

cases and controls (57.3% of controls; 58.3% of cases, Table 6.3). The confounders retained for 

logistic regression models for body weight were education, family history of breast cancer, 

country of birth, and socioeconomic status. Age was included as a confounder for all unstratified 

analyses, but omitted from models stratified by belief, due to collinearity. 

Across all postmenopausal participants, there was a slightly elevated but non-

significant association between BMI and breast cancer (OR=1.09, 95% CI: 0.90, 

1.31, for overweight/obese with BMI≥25 (Table 6.5). After belief about “being overweight or 

obese” was added to the model, there was a significant interaction between belief and 

reported BMI (p=0.015). The risk of breast cancer was similar amongst normal weight 

women who did not believe that being overweight or obese increased risk compared with 

women who believed that it did and who were overweight or obese (OR=0.93, 95% CI: 0.67, 

1.29, data not shown). The risk of breast cancer was slightly higher among overweight 

women who believed that being overweight or obese increased risk compared with overweight 

women who did not believe that it did (OR=1.27, 95% CI: 0.97, 1.66, data not shown).  

After stratification by belief, a protective effect was observed for women who were overweight 

or obese and who did not believe being overweight increased risk (OR=0.68, 95% CI: 

0.44, 0.99, Table 6.5). Conversely, for women who believed that excess weight increased risk, 

being overweight or obese was associated with an increased risk of breast cancer (OR=1.28, 

95% CI: 1.02, 1.60, Table 6.5). 
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Table 6.5: Association between BMI and breast cancer in postmenopausal BCEES participants, before and after stratifying by belief 

All participants 

Don’t believe that 
exposure increases 
breast cancer risk 

Believe that exposure 
increases 

breast cancer risk 

OR 
for BCa 95% CI 

p–value 
interactionb 

OR 
for BC 95% CI 

OR 
for BC 95% CI 

Current BMIc 0.015 
Normal/underweight (<25) (Ref) (Ref) (Ref) 

Overweight/Obese (25+) 1.09 0.90, 1.31 0.68 0.46, 0.99 1.28 1.02, 1.60 
a Main effects for BMI. Belief not included as a predictor in unstratified models. 
b p–value for interaction term between belief and exposure. 
c Adjusted for country of birth, education, family history of breast cancer, and socioeconomic status. 



Chapter 6 

 76 

When considering BMI as a continuous variable, there was similarly no association between 

BMI and breast cancer for all postmenopausal participants (OR=1.01, 95% CI: 1.00, 1.02, data 

not shown). As with categorical BMI group, there was a significant interaction (p=0.020) 

between BMI as a continuous variable and belief about the effect of being overweight or obese 

on breast cancer risk after belief was added to the model. After stratification by belief, the 

associations for breast cancer and BMI as a continuous variable were similar to those for BMI 

as a categorical variable. Among women who did not believe being overweight or obese 

increased risk, there was a slight, although non-significant, protective effect for increased BMI 

(OR=0.97, 95% CI: 0.94, 1.00, equivalent to OR=0.87, 95% CI: 0.74, 1.02 for each 5/m2 

increase in BMI, data not shown). Among women who did believe being overweight or obese 

increased risk, an increased BMI was associated with increased breast cancer risk (OR=1.02, 

95% CI: 1.00, 1.04, equivalent to OR=1.12, 95% CI: 1.01, 1.24 for each 5/m2 increase in BMI, 

data not shown). 

6.4 Discussion 

6.4.1 Alcohol, beer and red wine 

There was no evidence that the association between breast cancer and alcohol or beer was 

modified by BCEES participants’ beliefs about the effect of these exposures on breast cancer 

risk. Although a protective effect for infrequent consumption of red wine was observed only 

among women who believed red wine increased breast cancer risk, there was no observed 

interaction between self-reported exposure to red wine and belief about its effect on risk. Had 

there been a systematic difference in the accuracy or direction of self-reported exposure due to 

recall bias among BCEES participants, it is reasonable to assume that this would be reflected in 

participants’ beliefs about the effect of that exposure. In order to systematically under– or over-

report an exposure due to rumination upon the aetiology of breast cancer, participants would 

presumably hold beliefs that affected the direction of inaccurate reporting that accorded with 

their disease status. Given the absence of any interaction between belief and exposure, and the 

fact that the odds of disease remained similar for alcohol consumption after stratification by 

belief, it would therefore seem that recall bias may not have unduly affected participants’ self-

reported exposure to alcohol and alcoholic beverage types.  

However, although beliefs about alcohol, beer and wine were not effect modifiers for the 

association between these exposures and breast cancer in the BCEES population, the observed 

results nonetheless require further examination. Extensive research to date has established 

alcohol consumption as a risk factor for breast cancer87, and breast cancer risk has been shown 

to increase with increasing amounts of alcohol consumption116. The absence of any observed 

association between alcohol consumption and breast cancer in the BCEES participants—either 

when measuring alcohol consumption as a categorical or continuous variable, or when 
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considering overall consumption or frequency of drinking for specific beverage types—was 

therefore unexpected. These findings may have resulted from exposure misclassification, which 

could have biased the association between alcohol and breast cancer towards the null in several 

ways.  

Firstly, the format of the LEQ alcohol consumption questions (Figure 6.1) may not have 

enabled accurate ascertainment of exposure for certain drinking patterns. Although the quantity–

frequency method of calculating alcohol consumption that was used in the LEQ has been shown 

to increase recalled alcohol consumption compared with other methods117, it may nonetheless 

fail to capture alcohol consumed during binge drinking episodes and may theoretically result in 

an underestimation of average alcohol consumption137. Although Question 50 asked participants 

about the maximum number of drinks they might consume in a 24–hour period, it did not enable 

ascertainment of the frequency of binge drinking. For example, if a woman consumed one 

alcoholic drink on most days, but regularly engaged in binge drinking on weekends, this 

increased weekend drinking would not have been captured if she reported typically consuming 

one drink as per non-binge days in response to Question 49 (“On days when you were drinking, 

how many glasses of beer, wine or spirits altogether did you usually drink 10 years ago?”, 

emphasis in original). This form of misclassification could have attenuated the risk for breast 

cancer in the BCEES study if it meant that true alcohol consumption was underestimated 

differentially between cases and controls, especially given that binge drinking additionally 

increases breast cancer risk138 139.   

Comparison with national alcohol consumption data suggests that alcohol consumption among 

BCEES participants may have been slightly overestimated. An Australian Health Survey from 

2001—which was undertaken at a similar time to when BCEES participants were consuming 

alcohol that was reported as “ten years earlier” than their 2009–2011 study participation—found 

that 8.5% of Australian women consumed alcohol at “risky” or “high risk” levels140, which was 

defined as three or more standard drinks per day for long-term risk141. Among BCEES 

participants, 10.6% of women reported drinking “risky” or “high risk” amounts of alcohol when 

using an equivalent classification of 21 standard drinks per week, with a similar proportion of 

cases and controls reporting this level of consumption (10.2% of cases vs with 10.8% of 

controls). These results suggest that alcohol consumption data in the BCEES study may have 

been slightly over-reported, potentially due to the questionnaire design; this could have biased 

results towards the null, leading to the absence of any observed association between alcohol and 

breast cancer.  

It is also possible that participants’ responses to the alcohol question in the BCEES LEQ—in 

which they were asked about the frequency of alcohol consumption “ten years ago”—did not 

accurately reflect their overall lifetime alcohol consumption, or consumption in the years 
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immediately prior to their diagnosis or participation. Given that almost half of participants were 

aged 60 years or older at the time of questionnaire completion, it is possible that many of them 

had undergone lifestyle changes in the preceding decade if they or their spouse had retired; 

studies have shown that alcohol consumption changes significantly—and tends to increase—

after retirement142 143. Research to date has shown inconsistent results with regard to the latency 

between alcohol consumption and breast cancer139, with one cohort study suggesting that there 

is a long latency period139 144 and another study suggesting that only recent alcohol consumption 

was associated with breast cancer139 145. With this in mind, it is possible that the absence of any 

apparent association between breast cancer and alcohol consumption in BCEES participants is 

due to the available data not accurately capturing lifetime drinking patterns, or not capturing 

drinking at a stage of life relevant to disease aetiology.  

It was also unexpected that, amongst women who believed that red wine increased breast cancer 

risk, a significant protective effect was observed for infrequent red wine consumption compared 

with non-drinkers, yet the same effect was not apparent for regular or heavy drinkers of red 

wine. This association was not evident in women who did not believe that red wine increased 

breast cancer risk. Given the established association between alcohol consumption—including 

red wine—and breast cancer, the observed results may again have been due to exposure 

misclassification. The apparent protective effect of red wine could have resulted if red wine 

consumption was self-reported differentially amongst cases and controls. Amongst women who 

believed that red wine increased risk, cases may have been more likely to under-report red wine 

consumption and cite having never consumed it, whereas controls with the same red wine intake 

may have been more likely to report consuming it infrequently rather than never. Given the 

media attention about the alleged health benefits of red wine consumption in the past decade89 

90—confirmed by the fact that one fifth of BCEES participants believed red wine consumption 

decreased breast cancer risk, despite it being an established carcinogen95—it is perhaps 

unsurprising that the observed results for red wine are suggestive of misclassification.  

Recall bias deriving from social desirability may also be a plausible explanation for the 

observed results for in the BCEES study. The null association between alcohol and breast 

cancer could be due to social desirability bias, which may have occurred if cases systematically 

under-reported their exposure to alcohol to a greater degree than controls out of a desire to 

mitigate their own perceived role in developing the disease. Analysis of the BCEES 

participants’ responses to the open ended questions, “What do you believe caused your breast 

cancer?” (cases) and “What do you believe causes breast cancer?” (controls) found that controls 

were slightly more likely than cases to attribute breast cancer to modifiable lifestyle factors such 

as alcohol or smoking (47.1% of controls vs 38.6% of cases), whereas cases were more likely to 

attribute their own disease to psychosocial factors such as stress or illness80. Accordingly, 

controls may have been more likely to accurately estimate their alcohol exposure if they felt no 
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compunction to understate alcohol consumption due to social desirability or the wish to alleviate 

any perceived personal responsibility for illness. 

6.4.2 Body weight 

Amongst the postmenopausal women who completed the RPQ, the association between body 

weight and breast cancer was modified by participants’ beliefs about the effect of being 

overweight or obese on breast cancer risk. Across all postmenopausal participants, a BMI 

greater than 25 was not associated with breast cancer; however, for participants who believed 

that excess weight increased breast cancer risk, being overweight or obese was positively 

associated with breast cancer. Conversely, being overweight or obese had a protective effect for 

participants who did not believe excess weight increased risk. The fact that the association 

between excess weight and breast cancer differed in direction according to belief indicates that 

recall bias may have affected the accuracy of self-reported body weight. It is possible that 

women who believed that excess weight increased risk were more likely to accurately report or 

over-report their current weight; this over-reporting may have occurred more consistently in 

cases than in controls. Likewise, women who did not believe excess weight contributed to risk 

may have under-reported their weight, and this inaccuracy in self-reporting may have been more 

pronounced in controls than cases. Given that increased body weight is an established risk factor 

for breast cancer, either of these scenarios—that is, over-reporting by cases who believed, or 

under-reporting by controls who did not believe—could have led to the observed results. It is 

also plausible that belief was a consequence of the combination of disease status and body 

weight, rather than a modifier of the accuracy of self-reported weight. Overweight cases may 

have retrospectively attributed their disease to excess body weight and been more likely to then 

believe that excess weight increased risk. Similarly, normal weight controls may have perceived 

that their normal body weight was a non-contributing factor in the absence of any disease. 

However, as with alcohol, it was unexpected that no significant association would be observed 

between increased body weight and breast cancer amongst postmenopausal BCEES participants 

in general, when using BMI as either a categorical or continuous variable. Being overweight is 

an established risk factor for breast cancer among postmenopausal women, and previous 

research has found positive associations between BMI and breast cancer. Accordingly, it would 

be expected that a similar association would be found across all BCEES postmenopausal 

participants; instead, there was a slight but non-significant increase in the odds of disease for 

women with a BMI of 25 or more. These results suggest that there may have been some 

differential misclassification among BCEES participants due to under– or over-reporting, 

possibly according to belief. As previous research has indicated, normal weight women tend to 

accurately report or over-report their weight, whereas obese women are more inclined to under-

report weight. If weight were differentially misreported in such a way in the BCEES 
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participants, this could attenuate the association between BMI and breast cancer and at least 

partially account for the observed results. Indeed, a study of the association between BMI and 

mortality rate131 reported that the mortality rate associated with BMI derived from self-reported 

data was underestimated for underweight and severely obese individuals, and overestimated for 

overweight and obese participants, when compared with the mortality rates using accurately 

measured data. 

In addition to the potential for differential misclassification according to self-reporting 

anthropometric errors, further misclassification due to reverse causality bias could also have 

arisen from the questionnaire design and timing of study participation146. Because participants 

were asked to report their current weight, it is likely that cases’ self-reported weight at the time 

of completing the LEQ differed from their usual pre-diagnosis weight as a consequence of 

disease. This may have occurred in several ways: disease itself may have resulted in weight 

loss; cancer treatment may have caused weight gain or loss; or a cancer diagnosis may have 

prompted cases to modify their lifestyle—including factors such as physical activity or diet—

which may have led to weight loss. If this reverse causality bias occurred, and if participants’ 

BMI calculated from their self-reported weight was systematically lower for cases than controls, 

this would lead to a bias towards the null of any association between body weight and breast 

cancer, assuming no other misclassification were present.  

6.5 Conclusion 

There appears to be little evidence that beliefs about the effect of alcohol, beer or red wine on 

breast cancer risk modified participants’ self-reported exposure to these factors. However, these 

results are inconclusive because of the absence of any observed association between alcohol and 

breast cancer in the BCEES population, despite alcohol consumption being an established risk 

factor for breast cancer. BCEES participants’ beliefs about the effect of being overweight or 

obese on breast cancer appear to be associated with their self-reported BMI, although it is 

unclear whether the combination of disease status and BMI affects belief, or whether the 

combination of belief and disease modifies the accuracy or direction of self-reported BMI. 
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 Discussion 7.

The primary aim of this thesis was to investigate the interrelationship between recall bias, self-

reported exposure to breast cancer risk factors, and beliefs about disease causation. Chapters 

Three through Six achieved this in the following ways: 

• Chapter Three described BCEES participants’ beliefs about breast cancer causation, and 

measured the extent to which these beliefs differed by case–control status and 

demographic factors.  

• Chapter Four examined whether BCEES participants’ beliefs about the effect of shift 

work on breast cancer risk modified their reported exposure to shift work. It also 

investigated whether participation in a telephone interview about shift work modified 

women’s beliefs about the effect of shift work on breast cancer risk. 

• Chapter Five described the association between use of self-reported combined hormone 

replacement therapy (HRT) and breast cancer in the BCEES population. It investigated 

whether this association was modified by women’s belief about the effect of HRT on 

breast cancer risk. 

• Chapter Six examined the association between breast cancer and two of its established 

risk factors—alcohol and excess body weight—and measured whether the association 

between these risk factors and disease was modified by women’s beliefs. 

The findings of this thesis are described below, and are followed by a discussion of their 

implications for public health and research. 

7.1 Findings 

7.1.1 Misconceptions about the risk factors for breast cancer 

As described in Chapter Three, participants in the BCEES study had several misconceptions 

about the risk factors for breast cancer. Most notably, less than three quarters of study 

participants rated alcohol as increasing breast cancer risk, despite it being an established breast 

cancer risk factor. Even fewer participants identified beer as a risk factor, and fewer still—less 

than half of women—believed that red wine increased risk. Participants more frequently 

attributed breast cancer to factors for which there is no evidence or insufficient evidence of any 

association—such as food additives or stress—than they attributed it to known risk factors. 

Similarly, for items that were less frequently rated as increasing risk than known risk factors, 

many women still had misconceptions: more than one third of women believed that salt and 

underarm deodorant increased breast cancer risk, while half of participants believed barbequed 
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meat was a risk factor. Similarly, more than half of women believed meditation could decrease 

risk, while nearly one third of women believed tea would decrease risk.  

7.1.2 Awareness of certain breast cancer risk factors differs by demographic 
factors 

Case–control status was not associated with women’s awareness of most breast cancer risk 

factors, with the exception of red wine, where cases were more likely to be aware that it 

increased risk. Awareness of breast cancer risk factors differed by education level, with 

university-educated women being more likely to correctly identify known risk factors. Women 

who were born in countries other than Australia, New Zealand, the UK or Ireland—the majority 

of whom were from non-English speaking countries—were significantly less likely to rate red 

wine and beer as increasing risk. Younger women generally had better awareness of established 

breast cancer risk factors and protective factors, with the exception of hormone replacement 

therapy; women aged fifty years and older were better informed about the risk of HRT, 

presumably because it was a more salient issue for them. 

7.1.3 Recall bias may not always exist in case–control studies 

As described in Chapter Four, BCEES cases who believed that shift work increased breast 

cancer risk were more likely to subsequently report having done shift work and having worked 

shifts over a longer duration; the same effect was not apparent in controls who held the same 

beliefs. However, participation in a detailed telephone interview about shift work did not 

modify women’s beliefs about the risk of shift work, for either cases or controls. These results 

suggest that women did not over-report shift work according to belief; rather, it is more 

plausible that cases’ beliefs about shift work were formed after exposed women were diagnosed 

with disease.  This is supported by the research presented in Chapter Five, where a positive 

association between combined HRT and breast cancer was observed only for women who 

believed that it increased risk and not for women who did not believe this, despite combined 

HRT being an established risk factor.  

The relationship between self-reported exposure, breast cancer, and beliefs about alcohol and 

body weight on breast cancer risk remains unclear, potentially due to exposure 

misclassification. Although Chapter Six reported a significant difference by belief in the 

association between Body Mass Index (BMI) and breast cancer, the results were inconclusive, 

due to the absence of any observed association between current BMI and breast cancer, despite 

it being an established risk factor. Similarly, the absence of any observed association in the 

BCEES study between alcohol and breast cancer means that any differences by belief in self-

reported alcohol consumption are inconclusive. 
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7.2 Public health implications 

The findings in this thesis have several implications for public health policy, which are 

described below. 

7.2.1 Women need to be made aware of modifiable risk factors for breast 
cancer, particularly alcoholic beverages of all types 

The research presented in this thesis accords with previous research demonstrating that women 

frequently attribute breast cancer to factors with no evidence of an association, and that even if 

they are aware of established breast cancer risk factors this awareness is often quite low24 27 29 32-

34 36. These findings confirm the need for public health policy to raise awareness among women 

about the effect of breast cancer risk factors, particularly for modifiable lifestyle factors such as 

alcohol or being overweight.  

7.2.2 Health promotion messages about modifiable breast cancer risk factors 
should target women from lower socioeconomic backgrounds 

Although the incidence of breast cancer in Australia increases with improving socioeconomic 

status82, women from lower socioeconomic backgrounds are more likely to engage in certain 

lifestyle factors that increase the risk of breast cancer, such as increased alcohol consumption147, 

and they are more likely to be overweight or obese148. BCEES participants without a university 

degree were significantly less likely than university-educated participants to be aware that 

alcohol and red wine increased breast cancer risk; raising awareness in less educated women is 

therefore important issue given that alcohol consumption increases with lower socioeconomic 

status and is higher amongst women without a tertiary education147. Likewise, university-

educated women were twice as likely to be aware that physical activity decreased the risk of 

breast cancer compared with non-university educated women; raising awareness of the risk of 

excess weight is again important as obesity rates are higher in Australian women from lower 

socioeconomic backgrounds148.  Compared with women aged less than fifty years, older women 

are less likely to be aware of established breast cancer risk factors, so health promotion 

activities should therefore ensure that they consistently target women of all ages.  

7.3 Research implications 

The research presented in this thesis has several implications for future case–control studies, 

which are detailed below: 

7.3.1 Recall bias may not always exist in case–control studies 

As discussed in Chapter Four, women who participated in an interview about shift work were 

more likely to believe that shift work increased cancer, regardless of their disease status or the 

number of interview questions asked. Thus, in the BCEES study at least, it appears unlikely that 

cases would over-report shift work exposure, given that being prompted to recall past exposure 
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to potential risk factors did not modify their beliefs about those risk factors. Thus, rumination 

upon disease aetiology leading cases to over-report their exposure—which could lead to a 

systematic difference in the accuracy of self-reported exposure—would not appear to have 

occurred in the BCEES study for shift work. This is supported by the findings for HRT, where 

there was no observed association between combined HRT use and breast cancer among women 

who did not believe that it increased risk, despite combined HRT being an established risk 

factor. These results suggest that recall bias may not necessarily be a limitation of case-control 

studies, particularly for emerging risk factors.  

7.3.2 In case–control studies where the validation of self-reported exposure 
against gold standard measurements is unfeasible, asking participants to 
report their beliefs about disease causation may indicate the presence or 
absence of recall bias 

Ideally, case–control studies would validate self-reported exposure for at least a subset of the 

population in order to quantify and adjust for recall bias41. However, this is not always feasible, 

particularly for cancer case–control studies or where the exposure of interest has a long duration 

or latency period, and as such, other methods for assessing the presence of recall bias are 

necessary. As discussed in this thesis, asking case–control study participants to report their 

beliefs about disease causation and exposure may enable researchers to ascertain whether recall 

bias is according to belief is likely to have occurred. Case–control studies for which exposure 

validation is unfeasible could ask participants to report beliefs about a range of factors, 

including known risk factors, exposures for which there is no evidence of association with 

disease, and the exposure of interest. Ideally, half of participants would report their beliefs prior 

to reporting exposure, while the other half would report exposure before reporting beliefs. This 

methodology would enable researchers to ascertain whether belief about exposure differed 

between participants who reported beliefs before and after self-reporting exposure, and whether 

there were systematic differences between cases and controls in the association between self-

reporting and belief.   

7.4 Limitations 

Most of the limitations that affect the research presented in this thesis are described in the 

relevant chapters. A brief discussion of additional limitations is offered below. 

Firstly, although more than 90% of BCEES participants completed the RPQ, the overall 

response fraction for the BCEES study was relatively low, with only 57.8% of eligible cases and 

41.1% of eligible controls participating. This may limit internal validity, particularly if study 

participants were more interested in or had a greater awareness of breast cancer risk factors than 

non-respondents, as this could affect both beliefs about disease causation and the accuracy of 

self-reported exposure to risk factors.  
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Additionally, it is possible that responses to the RPQ may have differed systematically between 

cases and controls if they differentially interpreted the questions as pertaining to breast cancer or 

cancer in general. For examples, cases may have been more concerned with their own disease 

and responded in relation to breast cancer, while controls may have read and completed the 

questionnaire less carefully than cases and responded in relation to cancer in general. However, 

as described in Chapter Three, for the majority of the 37 RPQ items, there was no significant 

difference in the proportion of cases and controls who rated these factors as increasing risk.  

Of the sixteen RPQ items with a significant difference between cases and controls in beliefs 

about risk, the largest difference in rating was 6.9% for asbestos (p<0.001, Table 7.1). Asbestos 

is a well-established risk factor for lung cancer that is not associated with breast cancer, and the 

Western Australian population has a high awareness of its effect as a carcinogen. A 2007 

telephone survey reported that 95.7% of women from the Western Australian population rated 

asbestos as increasing the risk of cancer in general79. In contrast, only 67.0% of BCEES 

participants rated asbestos as increasing breast cancer risk (Table 7.1), suggesting that BCEES 

participants did no necessarily interpret the RPQ as pertaining specifically to breast cancer, 

although cases may have been slightly more likely to do so. Similar results are seen with 

smoking and passive smoking, which were not established breast cancer risk factors at the time 

of BCEES study participation. A much greater proportion of the general population rated these 

as increasing the risk of cancer in general, compared with BCEES participants who were asked 

to rate these items specifically in relation to breast cancer (Table 7.1). Thus, the overall 

similarity between cases and controls in their ratings of RPQ items, and the fact that these 

ratings differ markedly from the wider population’s ratings of risk factors for cancer in general, 

indicate that both cases and controls are likely to have accurately interpreted the RPQ as 

pertaining to breast cancer. 

Table 7.1: Beliefs held by BCEES participants and by females in the Western Australian general 
population about carcinogens not known to be associated with breast cancer at the time of 
BCEES study participation 

 Believe that exposure 
increases cancer risk 

Believe that exposure increases 
breast cancer risk 

 Western Australian 
womena 

All BCEES 
participants 

BCEES 
cases 

BCEES 
controls p–valueb 

Smoking 98.7% 87.3% 84.7% 89.2% 0.001 

Passive smoking 95.3% 82.8% 79.9% 84.8% 0.001 

Asbestos 95.7% 67.0% 62.8% 69.7% <0.001 
a Western Australian women randomly surveyed in 200779 
b Chi-square test for difference in BCEES cases and controls believing that exposure increases breast 

cancer risk 
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7.5 Conclusion 

The research presented in this thesis has examined the interrelationship between recall bias, self-

reported exposure to risk factors, and beliefs about disease causation in a breast cancer case–

control study.  It has shown that Western Australian women have misconceptions about several 

known risk factors for breast cancer, and that these misconceptions differ according to 

sociodemographic factors such as education and age. This thesis has also shown that beliefs 

about disease causation do not necessarily drive case–control participants to under– or over-

report exposure; rather, beliefs about disease causation may develop from the combination of 

exposure and diagnosis. 
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Appendices8.

This section contains additional and supplementary material, including copies of the original 

study documents (LEQ, RPQ and shift work interview questions) as well as supplementary 

tables and charts. 

8.1 BCEES Questionnaire 
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8.2 BCEES Risk perception questionnaire 

This figures depicts the RPQ that was given to controls. The RPQ that was given to cases was 

identical except for Question 3, which asked “What do you believe causes breast cancer?”  
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8.3 BCEES shift work interview questions 
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8.4 Published first page of manuscript for Chapter Three 
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8.5 Supplementary tables and figures for Chapter Three 

8.5.1  BCEES participants’ beliefs about the effect of all RPQ items on breast 
cancer risk 

Figure 8.1: BCEES participants’ beliefs about exposures likely to be deemed as increasing risk, 
by case–control status 

* p<0.05
**p<0.001
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Figure 8.2: BCEES participants' beliefs about exposures likely to be deemed as increasing risk, 
by case–control status 

* p<0.05 
**p<0.001 
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8.5.2 BCEES participants’ beliefs about the effect of alcohol on breast cancer 
risk, by case–control status and demographic factors 

 

 

Figure 8.3: BCEES participants’ beliefs about alcohol, by case–control status 
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Figure 8.4: BCEES participants’ beliefs about alcohol, by age group 

 

 

Figure 8.5: BCEES participants’ beliefs about alcohol, by education level 
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Figure 8.6: BCEES participants’ beliefs about alcohol, by family history of breast cancer 

 

 

Figure 8.7: BCEES participants’ beliefs about alcohol, by country of birth 
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8.5.3 BCEES participants’ beliefs about the effect of beer on breast cancer risk, 
by case–control status and demographic factors 

 

 

Figure 8.8: BCEES participants’ beliefs about beer, by case–control status 
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Figure 8.9: BCEES participants’ beliefs about beer, by age group 

 

 

Figure 8.10: BCEES participants’ beliefs about beer, by education level 
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Figure 8.11: BCEES participants’ beliefs about beer, by family history of breast cancer 

 

 

Figure 8.12: BCEES participants’ beliefs about beer, by country of birth  
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8.5.4 BCEES participants’ beliefs about the effect of red wine on breast cancer 
risk, by case–control status and demographic factors 

 

 

Figure 8.13: BCEES participants’ beliefs about red wine, by case–control status 
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Figure 8.14: BCEES participants’ beliefs about red wine, by age group 

 

 

Figure 8.15: BCEES participants’ beliefs about red wine, by education level 
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Figure 8.16: BCEES participants’ beliefs about red wine, by family history of breast cancer 

 

 

Figure 8.17: BCEES participants’ beliefs about red wine, by country of birth 
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8.5.5 BCEES participants’ beliefs about the effect of hormone replacement 
therapy on breast cancer risk, by case–control status and demographic 
factors 

 

Figure 8.18: BCEES participants’ beliefs about hormone replacement therapy, by case–control 
status  
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Figure 8.19: BCEES participants’ beliefs about hormone replacement therapy, by age group  

 

Figure 8.20: BCEES participants’ beliefs about hormone replacement therapy, by education 
level 
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Figure 8.21: BCEES participants’ beliefs about hormone replacement therapy, by family history 
of breast cancer 

 

Figure 8.22: BCEES participants’ beliefs about hormone replacement therapy, by country of 
birth 
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8.5.6 BCEES participants’ beliefs about the effect of being overweight or 
obese on breast cancer risk, by case–control status and demographic 
factors 

 

Figure 8.23: BCEES participants’ beliefs about being overweight or obese, by case–control 
status  
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Figure 8.24: BCEES participants’ beliefs about being overweight or obese, by age group  

 

 

Figure 8.25: BCEES participants’ beliefs about being overweight or obese, by education level 
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Figure 8.26: BCEES participants’ beliefs about being overweight or obese, by family history of 
breast cancer 

 

Figure 8.27: BCEES participants’ beliefs about being overweight or obese, by country of birth 
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8.5.7 BCEES participants’ beliefs about the effect of being physically active on 
breast cancer risk, by case–control status and demographic factors 

 

Figure 8.28: BCEES participants’ beliefs about being physically active, by case–control status 
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Figure 8.29: BCEES participants’ beliefs about being physically active, by age group 

 

 

Figure 8.30: BCEES participants’ beliefs about being physically active, by education level 
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Figure 8.31: BCEES participants’ beliefs about being physically active, by family history of 
breast cancer 

 

Figure 8.32: BCEES participants’ beliefs about being physically active, by country of birth 
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8.6 Published first page of manuscript for Chapter Four 
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