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Abstract 

Background: Vitamin D is hypothesized to decrease breast cancer risk by controlling cell 

proliferation, differentiation and apoptosis, and estrogen synthesis and signalling in breast tissue. 

Transport of circulating vitamin D to sites of action is facilitated by vitamin D binding protein, 

encoded by the GC gene, whereupon it binds to the vitamin D receptor, encoded by the VDR 

gene. Given that polymorphisms in the GC and VDR gene have not been consistently associated 

with breast cancer risk, our objectives were to assess the associations of vitamin D-related genes 

with overall, premenopausal and postmenopausal breast cancer risk; to determine these 

associations according to tumour receptor status; and, to assess associations between vitamin D 

receptor (VDR) haplotypes and breast cancer risk. 

Methods: A case-control study with 1,037 incident breast cancer cases and 1,050 age-frequency 

matched controls in Vancouver, British Columbia and Kingston, Ontario was conducted. 

Logistic regression in an additive genetic model was used to calculate age- and centre-adjusted 

odds ratios for associations between 21 single nucleotide polymorphisms (SNPs) of the GC and 

VDR gene and breast cancer risk. Polytomous regression was used to assess associations with 

breast tumour subtypes, and weighted logistic regression was conducted to calculate odds ratios 

for associations between VDR haplotypes and breast cancer risk. False discovery adjustments 

were made to address multiple testing. 

Results: Among European women, two SNPs in the VDR gene, rs1544410 (OR = 0.38, 95% CI: 

0.21 – 0.70) and rs7967152 (OR = 2.80, 95% CI: 1.62 – 4.85), were associated with risk of ER-

/PR-/HER2+ breast tumour subtype, but not with other breast tumour subtypes. Although there 

were suggested associations with breast cancer risk for some SNPs and VDR haplotypes, there 

was no association after false discovery rate adjustment. 
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Conclusion: Breast tumour subtypes may be etiologically distinct disease states, with different 

risk factors and prognostic outcomes. Interactions between variations in vitamin D-related genes 

and breast tumour subtypes are biologically plausible given our current understanding of anti-

carcinogenic properties of vitamin D elicited through the regulation of cell growth and 

reproductive hormone synthesis. Our findings provide additional insight into the etiologic 

differences among breast tumour subtypes. 
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Chapter 1: Introduction 

1.1 Background and Rationale 

 Breast cancer is the most common incident cancer, accounting for more than a quarter of 

incident cases of cancer among women in Canada, and is the second leading cause of cancer 

deaths (1). While it is understood that breast cancer is a multifactorial disease resulting from the 

cumulative effects of genetic, environmental, behavioural and hormonal factors, less than half of 

breast cancer cases can be explained by well-established risk factors (2). Established genetic 

factors for breast cancer are predominantly those of moderate-to-high penetrance and high 

associated risks (RR of 2 to >20), such as the BRCA1 and BRCA2 mutations, although these 

variants are quite rare in the population (frequency of <1%) (3, 4). These genetic factors account 

for only about 25% of familial breast cancers (5). The rest of these breast cancer cases are likely 

to be contributed by combinations of numerous individual variants that are more common 

(frequency of >5%) but have low penetrance and low associated risks (3, 4). Such variations in 

susceptibility genes are not as well established and further research is required.  

 Relevant to this thesis, the relationship between vitamin D-related gene variants and 

breast cancer risk has not been well established in the literature. Vitamin D has been suggested to 

play a role in the prevention of cardiovascular diseases, disorders of glucose metabolism and 

death (6). Studies of vitamin D, as measured via sunlight exposure (7, 8), dietary intake (9-11) or 

serum levels (9, 12-14), and breast cancer risk have suggested a modest protective relationship, 

although the underlying biological mechanism is not fully understood. Polymorphisms in vitamin 

D-related genes have been shown to affect circulating vitamin D levels (15, 16) and cause 

structural changes in the receptor to which vitamin D binds (17). Therefore, it is proposed that 
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these genetic variations may affect the anti-carcinogenic benefits derived from the biological 

actions of vitamin D via changes in signalling. Studies of vitamin D-related genes have 

predominantly examined only a select number of polymorphisms, generally those identifiable by 

restriction enzymes, and are suggestive of a weak to modest association to breast cancer risk, 

although the evidence is conflicting (18).  

In addition, breast tumour subtypes, defined by the expression of estrogen receptor (ER), 

progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2), are being 

recognized as etiologically heterogeneous disease entities, with distinct risk factors, clinical 

features and prognostic outcomes (19, 20). However, studies of variants in vitamin D-related 

genes and breast tumour subtypes are very limited, and have been assessed with respect to ER 

and PR status only. Further genetic polymorphism analyses are required to examine the role of 

vitamin D-related genes in breast cancer and ER/PR/HER2-defined tumour subtype risk in 

premenopausal and postmenopausal women of different ethnic subgroups.  

 

1.2 Overview of Study Design  

 In 2010, data collection was completed for a large multi-ethnic case-control study in 

Greater Vancouver BC and Kingston ON, with 1,142 breast cancer cases and 1,178 controls 

(Canadian Breast Cancer Study, CBCS; KJ Aronson and JJ Spinelli co-PIs; co-investigators Drs. 

A Brooks-Wilson, A Grundy, H Richardson, and I Burstyn), and participants have agreed to 

continuing investigations. Approximately one-third is of East Asian descent, with most of the 

remainder of European descent. In British Columbia (90% of participants), cases ages 40-80 

diagnosed between 2005 and 2009 were recruited from the British Columbia (BC) Cancer 

Registry, and controls were cancer-free individuals recruited from the Screening Mammography 
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Program of BC in the same geographic areas, frequency-matched to cases by age. In Kingston, 

cases and age frequency-matched controls were identified through breast biopsy clinics prior to 

diagnosis. Response was 54% among cases and 57% among controls. Tumour pathology markers 

(ER, PR, and HER2) have been obtained for most cases. Participants provided a biological 

sample (either blood or saliva) from which DNA was extracted, and completed a detailed 

questionnaire requesting information regarding education; ethnicity; health, medical and 

reproductive history; family history of cancer; lifestyle characteristics including lifetime tobacco 

and alcohol consumption; lifetime physical activity and cooking habits; and lifetime 

occupational and residential histories. 

 

1.3 Objectives 

The objectives of this thesis are: 

1. To characterize the distribution of genetic variation in vitamin D-related genes by 

ethnicity; 

2. To determine associations of vitamin D-related genes with breast cancer risk by 

menopausal status, while accounting for other factors; 

3. To assess if breast cancer risk from vitamin D-related single nucleotide polymorphisms 

varies by tumour receptor status, namely (1) ER+ and/or PR+/HER2-; (2) ER+ and/or 

PR+/HER2+; (3) ER-/PR-/HER2+; and (4) ER-/PR-/HER2-; and 

4. To determine the relationship between vitamin D receptor haplotypes and breast cancer 

risk by ethnicity. 
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1.4 Thesis Organization  

This thesis is presented in manuscript format. The second chapter consists of a literature 

review that provides an overview of the current epidemiologic literature on major risk factors for 

breast cancer; hormone receptor- and human epidermal growth factor receptor 2-defined breast 

tumour subtypes; genetic factors related to breast cancer; and, the relationship between vitamin 

D and breast cancer with respect to proposed biological mechanisms, evidence provided by 

various measurements strategies for vitamin D status to assess its role in breast cancer 

prevention, and the role of polymorphisms in vitamin D-related genes in breast cancer risk. The 

third chapter will describe the study design and analytical strategy for this thesis. The fourth 

chapter consists of a manuscript on the relationship between variations in vitamin D-related 

genes and breast cancer and breast tumour subtype risk. The fifth chapter provides results to 

address additional thesis objectives that were not included in the manuscript, specifically 

analysis on vitamin D haplotypes and breast cancer risk. The final chapter contains a general 

discussion of the findings and implications for future research. Additional materials are found in 

the appendices at the end.  
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Chapter 2: Literature Review 

2.1 Epidemiology and Etiology of Breast Cancer  

One in nine Canadian women is expected to develop breast cancer in her lifetime, with 

breast cancer leading in incidence rates and second only to lung cancer in mortality rates (1). In 

2014, there were over 24,000 new cases of breast cancer in Canada, with an age-standardized 

incidence rate of 99.2 cases per 100,000. Despite steady decreases in mortality rates for breast 

cancer, likely a result of increased mammography screening and more effective therapeutic 

interventions, breast cancer incidence rates have been relatively stable for over a decade.  

As a multifactorial disease, the cumulative effects of genetic, environmental, behavioural 

and hormonal factors are believed to contribute to breast tumour development. Established risk 

factors for breast cancer include increasing age, early age at menarche, late age at menopause, 

nulliparity, family history of breast cancer, high mammographic density, elevated body mass 

index (BMI), alcohol consumption, high intake of saturated fats and use of exogenous hormones 

(2, 3), many of which are believed to be mediated by sex hormone pathways. However, despite 

advances in the understanding of breast cancer etiology, at least half of breast cancer cases 

cannot be explained by well-established risk factors (4).    

Breast cancer represents not a single disease entity, but rather a group of heterogeneous 

disease states. Due to the widespread effects of reproductive and hormonal factors on breast 

tumour pathogenesis, premenopausal and postmenopausal breast cancers are commonly accepted 

as two distinct diseases (5, 6). Differences in hormone levels between premenopausal and 

postmenopausal women are driven by changes in estrogen production (7). Among 

premenopausal women, estrogen is primarily produced by the ovaries. However, for 

postmenopausal women, the main source is adipose tissues of extragonadal sites including the 
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breast, since the ovaries have ceased to produce estrogen. As a result, modification of breast 

cancer risk by menopausal status has been suggested for obesity (5, 8, 9), alcohol consumption 

(5, 10) and physical activity (11-13). Increased use of molecular and genetic profiling techniques 

in breast cancers to assess subsets of abnormalities in gene expression has demonstrated that 

breast cancer comprises various subsets of disease (14-16).    

 

2.2 Hormone Receptor- and Human Epidermal Growth Factor Receptor 2-Defined 

Breast Tumour Subtypes 

Molecular profiling of breast cancer provides distinction between different tumour 

subtypes, characterized by the presence or absence of specific markers that have significant 

therapeutic and prognostic implications (17). The immunohistochemistry (IHC) classification 

examines expression of estrogen receptor (ER), progesterone receptor (PR) and human epidermal 

growth factor receptor 2 (HER2) (17, 18). About 70% of human breast cancers are hormone 

receptor-positive, comprising of ER and/or PR, and the development and progression of these 

tumours are driven primarily by the stimulatory growth effects of estrogen (19, 20). ER- and PR-

defined tumour subtypes have different risk factor profiles, supporting the hypothesis that these 

tumour subtypes arose from independent carcinogenic pathways (20-22). Relationships between 

factors such as nulliparity, early age at menarche and obesity, and breast cancer risk have been 

shown to be modified by hormone receptor status, demonstrating stronger associations with 

hormone receptor-positive tumours than hormone receptive-negative tumours (20, 22). Hormone 

receptor-positive tumours are also characterized by stronger clinical responses to endocrine 

therapy, such as tamoxifen, an estrogen receptor antagonist (19, 23).  
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 HER2 is a receptor tyrosine kinase whose signalling promotes cell proliferation and 

inhibits apoptosis (24). Amplification and overexpression of this receptor occurs in 15% to 30% 

of breast cancers (18). The ligand for HER2 has yet to be identified, although these receptors can 

form heterodimers with other ligand-bound receptors in the epidermal growth factor receptors 

(EGFR) family, facilitating signalling via subsequent transduction pathways (24). Targeted 

therapies for HER2-positive tumours have been developed, primarily trastuzumab, a 

monocloncal antibody which negatively affects receptor function (18, 25).  

 These three tumour markers collectively form four major breast tumour subtypes: (i) ER+ 

and/or PR+/HER2+ tumours; (ii) ER+ and/or PR+/HER2- tumours; (iii) ER-/PR-/HER2+ 

tumours; and (iv) ER-/PR-/HER2- tumours (26). The distribution of these tumour subtypes is 

approximately 8-15% ER+ and/or PR+/HER2+ tumours; 50-70% ER+ and/or PR+/HER2- 

tumours; 7-15% ER-/PR-/HER2+ tumours; and 13-28% ER-/PR-/HER2- tumours (17, 27-29). 

Studies have demonstrated heterogeneity in the associations between various risk factors and 

different tumour subtypes, such as body mass index and nulliparity (28-30). Increasing body size 

was more strongly associated with ER+ and/or PR+/HER2+ tumours and ER-/PR-/HER2- 

tumours than other subtypes (29). Nulliparity was more weakly associated with ER-/PR-/HER2- 

tumours than other subtypes (30).  

 The molecular features of these breast tumour subtypes also translate into different 

prognostic and clinical outcomes. Generally, ER-/PR-/HER2- tumours represent the greatest 

clinical challenge as they are commonly characterized by aggressive growth and poorer 

prognosis due to limited therapy options (17). In addition, there are complex interactions 

between the HER2 and ER pathways, and potential interactions between HER2 and endocrine 
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therapies create significant implications with respect to tumour molecular profile-directed 

therapeutic interventions (18).   

  

2.3  Breast Cancer Genetics 

 Approximately 5-10% of breast cancer cases are attributed to a family history of breast 

cancer (31, 32). The risk of developing breast cancer is almost two times greater among women 

with a first-degree relative with a history of breast cancer, and this risk increases with additional 

affected first-degree relatives, strongly suggesting a genetic component in the etiology of breast 

cancer (33). Germ-line variations that increase susceptibility to breast cancer have been 

identified at many different loci, or position on a chromosome, with varying frequencies and 

associated disease risks (Figure 2.1).  

 

Figure 2.1 Relative risk and frequency of breast cancer susceptibility genes  

(adapted from Ghoussaini et al. (34)) 

In general, rare genetic variants with frequencies of less than 1%, such as BRCA1 and 

BRCA2, have high penetrance and strong associated risks. Several of such breast cancer 
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susceptibility genes have been well-established and identified through family-based linkage 

analyses of candidate genes, and are estimated to account for 20-25% of the familial risk (34, 

35). In contrast, common genetic variants, with frequencies of greater than 5%, have lower 

penetrance and are more weakly associated with breast cancer risk (34). Advancements in 

genotyping technology and the advent of genome-wide association studies have provided the 

ability to examine potential associations between hundreds of thousands of common gene 

variants and breast cancer risk, without necessarily understanding the functional significance of 

these risk-associated variants. While some breast cancer susceptibility gene variants have been 

established through these methods, there are likely many more common susceptibility loci that 

have yet to be identified (34).  

Currently, studies are predominantly employing the use of tag single nucleotide 

polymorphisms (tagSNPs) to identify the association between a representative set of common 

genetic variants and breast cancer risk. Single-nucleotide polymorphisms (SNPs) are DNA 

sequence variations at a single nucleotide, and these denote “genetic variation”. For a given SNP, 

there are generally two alleles: the major allele, present at over 50% population frequency at that 

locus, and the minor allele. The frequency distribution of alleles at a particular locus is given by 

a SNP’s minor allele frequency (MAF), which is the fraction of total alleles for a specific marker 

that are the minor allele. The frequency distributions of alleles at different polymorphisms are 

not necessarily independent, as there are non-random associations between different 

polymorphisms, a phenomenon called linkage disequilibrium (LD). Linkage disequilibrium is 

dependent on the extent of recombination between the two loci, the process in which allelic 

combinations at different loci become shuffled between parental and offspring individuals (36). 

The rate of recombination increases as physical distance between the two loci increases; 
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therefore, polymorphisms located closely are more likely to be inherited together and will be in 

higher LD.  

The set of alleles of different SNPs that is physically attached together along a single 

copy of a chromosome is called a haplotype. Two or more polymorphisms in high LD can form a 

common haplotype and tend to be inherited together. To characterize the patterns of genetic 

variability in a given gene, it is not necessary to genotype every polymorphism, but rather just 

identify representative SNPs in each haplotype found in that gene, or tagSNPs. Compared to 

studying every individual SNP, analysis of tagSNPs reduces the expense, time and problem of 

multiple comparisons when examining associations with health outcomes.  

Although each individual SNP may be related to an incremental increase or reduction in 

breast cancer risk, combinations of SNPs may be associated with substantial changes in risk of 

breast cancer. Understanding of associations between SNPs and breast cancer is currently being 

applied to various models of risk assessment, developed to predict a woman’s breast cancer risk 

over a given time period. Many studies have shown that consideration of SNPs in addition to the 

existing breast cancer risk factors in prediction models significantly improves the capabilities of 

these models (37, 38).  

 

2.4 Synthesis and Mechanism of Action of Vitamin D 

Vitamin D is a prohormone responsible for maintaining calcium and phosphate balance, 

and bone structure, and studies have suggested a further role in the prevention of cancers, 

cardiovascular diseases, disorders of glucose metabolism and death (39). Dietary sources of 

vitamin D include egg yolks; oil-rich fish, such as cod, salmon and tuna; and fortified foods, 

such as milk and margarine. However, the major source of vitamin D is via sunlight exposure, 
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specifically the action of ultraviolet (UV) light on 7-dehydrocholesterol, a precursor found in the 

skin, to form cholecalciferol, or vitamin D3. Vitamin D3 is either stored in adipose tissues or 

catalytically hydroxylated by 25-hydroxylases in the liver to produce calcifediol, or 25(OH)D, 

which subsequently gets hydroxylated a second time in the kidney by 1-α-hydroxylases to yield 

its biologically active form, calcitriol, or 1,25(OH)2D (40). Circulating 1,25(OH)2D is bound by 

the vitamin D binding protein (DBP), encoded by the GC gene on chromosome 4, and exerts its 

effect through binding of the nuclear vitamin D receptor (VDR), encoded by the VDR gene 

located on chromosome 12 (41). Binding of 1,25(OH)2D to VDR at sites of action, such as in the 

breast, bone and intestine, among other tissues, results in an array of biological responses 

mediated by the activation of numerous downstream signalling transduction pathways (Figure 

2.2) (42).  

In addition, vitamin D exerts anti-carcinogenic effects through complex interactions with 

the insulin-like growth factor I (IGF-I) pathway (43). IGF-I has been implicated in the 

development of hyperplasia, and eventually tumours in the breast tissue by stimulating cell 

proliferation and inhibiting apoptosis (44). IGF-I actions are opposed by insulin-like growth 

factor-binding protein 3 (IGFBP-3), by binding to IGF-I with high affinity to prevent the 

activation of insulin-like growth factor 1 receptors (43). Vitamin D has been shown to counter 

the tumorigenic effects of IGF-I by stimulating the expression of IGFBP-3 (45). 

 Vitamin D has also been shown to prevent tumour development and progression by 

inhibiting chronic inflammation, which is characterized by the over-expression of prostaglandins, 

among other inflammatory mediators (46). Synthesis of prostaglandins requires the catalytic 

action of the cyclooxygenase-2 (COX-2) enzyme at the rate-limiting step. The biological activity 

of prostaglandin ceases when converted to biologically inactive 15-keto derivatives by 15-
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hydroxyprostaglandin dehydrogenase (15-PGDH). Vitamin D has been shown to down-regulate 

COX-2 expression while up-regulating the expression of 15-PGDH, thereby attenuating the 

synthesis and biological actions of prostaglandins (46).  
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  Lastly, another mechanism through which vitamin D provides protection against breast 

cancer may be related to the estrogen signalling pathway. Estrogen is essential in mediating 

normal mammary gland development and regulating normal mammary cell function, but is also 

associated with breast tumour development (47). Vitamin D suppresses the estrogen signalling 

pathway via three distinct mechanisms: (1) decreasing expression of aromatase, a cytochrome 

P450 enzyme that catalyzes the synthesis of estrogen from androgens; (2) reducing prostaglandin 

levels, which also act to stimulate aromatase transcription; and (3) downregulating estrogen 

receptor alpha which is required for binding of estrogen to exert its biological action (46, 48). 

Therefore, vitamin D plays a role in inhibiting estrogen synthesis and biological activity. 

 The importance of vitamin D in the prevention of numerous diseases, including cancers, 

has been demonstrated in experiments with vitamin D receptor null mice. The biological actions 

of circulating 1,25(OH)2D are blocked when lacking a functional vitamin D receptor.  Vitamin D 

receptor null mice exhibit aberrant mammary gland proliferation and differentiation, 

dysregulated growth of alveolar and ductal cells and enhanced growth response to estrogen and 

progesterone (49). Therefore, due to the role of vitamin D in preventing breast tumorigenesis, 

dysregulation or aberrations in these pathways may result in increased susceptibility to the 

development of cancer cells. 

 

2.5 Epidemiology of Vitamin D and Breast Cancer 

 According to a report released by the U.S. Institute of Medicine (IOM) in 2010, the 

recommended dietary intake for vitamin D per day for adults is 600 international units (IU) or 15 

micrograms, assuming minimal sun exposure (50). While many individuals achieve their 

recommended vitamin D intake from sunlight exposure alone, factors such as season, time of 
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day, cloud cover, smog, skin pigmentation and sunscreen use can affect rate of vitamin D 

synthesis (50). Unfortunately, vitamin D insufficiency is emerging as a major global health 

problem and factors such as older age, female sex, high latitude, winter season and darker skin 

pigmentation are the main factors driving low vitamin D levels worldwide (51). While different 

studies have used different criteria to define insufficient vitamin D levels, prevalence of low 

serum vitamin D levels has been found to range between 9% and 45% in the Canadian 

population, and is higher among those of non-white ethnicity and during winter seasons (52-54).  

Most recommendations and studies have assessed vitamin D intake within the context of 

maintaining skeletal health, whereas the frequency, timing and dosage of vitamin D required for 

the protective relationship with cancer has not been established. Many studies suggest a dose-

response relationship, in which increases in vitamin D intake, even beyond the recommended 

600 IU per day intake, will confer greater protection against cancer (55). If this relationship is 

causal in the protective direction, it is estimated that if women’s vitamin D intake was increased 

to 2,000 IU per day, the maximum daily intake as recommended by the IOM, incidence of breast 

cancer would be reduced by 25%, equating to a decrease of approximately 58,000 cases of breast 

cancer in North America per year (55).  

2.5.1 Vitamin D and Cancer 

 In 2008, the International Agency for Research on Cancer (IARC) released a Working 

Group Report summarizing the evidence from observation studies for the relationship between 

vitamin D and select cancer sites (56). The report concludes that the evidence was consistent and 

persuasive for an inverse association between serum vitamin D levels and risk of colorectal 

cancer and sporadic colorectal adenoma, although causality could not be established due to 

presence of potential confounding factors. However, there was little or no evidence of an 
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association with prostate cancer, and there was insufficient evidence available to evaluate the 

relationship between vitamin D with many other cancer sites. For breast cancer, observation 

studies are suggestive of an inverse relationship between vitamin D and breast cancer risk, 

although study results are relatively heterogeneous. In addition, sensitivity analyses have shown 

that the evidence is weak when case-control studies are excluded; thus, new cohort studies on 

this relationship are needed. Since the publication of the IARC Working Group Report, further 

studies examining the relationship between vitamin D and breast cancer risk have been 

conducted, although the evidence remains conflicting.   

2.5.2 Vitamin D via Sunlight Exposure and Breast Cancer 

 Assessment of vitamin D exposure in epidemiologic studies has generally been 

conducted via proxy measures of sunlight exposure, vitamin D intake, serum 25(OH)D levels, or 

some combination of the three. Ecological studies have found breast cancer incidence rates to be 

higher in areas with lower ultraviolet B (UVB) irradiance and at latitudes distant from the 

equator, even after adjusting for fertility rate, proportion of the population overweight, per capita 

intake of alcohol, and energy from animal and vegetable sources (57). Similarly, a case-control 

study conducted among Ontario women and a nested case-control study in the Agricultural 

Health Study cohort found supportive evidence for decreased breast cancer risk with increased 

time spent outdoors (58, 59). However, the prospective Norwegian Women and Cancer Study, 

which followed over 40,000 women for an average of 8.5 years, found no association between 

UV radiation and breast cancer risk (60). Inconsistencies in the results of these studies may be 

explained by the potential for exposure misclassification with the broad proxies for vitamin D 

used, and by geographic, ethnic or cultural variations between study populations.  
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2.5.3 Vitamin D Intake and Breast Cancer Risk 

 Several studies have measured the association between vitamin D intake from diet or 

supplements and breast cancer risk, although the results have been inconsistent. In 2010, a meta-

analysis of 11 studies of vitamin D intake and breast cancer risk found a 9% decrease in risk for 

women with high vitamin D intake compared to those with low intake, and the association was 

stronger, with a 17% decrease in risk, among premenopausal and perimenopausal women (61). 

However, when stratifying by source of vitamin D, the association was observed only when 

analyzing supplement use, and not for dietary intake. In 2013, the European Prospective 

Investigation into Cancer and Nutrition, the largest prospective study to date which followed 

over 300,000 women for an average of 8.8 years, found no evidence for an association between 

dietary vitamin D intake and breast cancer risk (62). However, levels of dietary vitamin D intake 

in such studies may be too low to be able to detect a potential effect, and such measures are not 

representative of an individual’s true vitamin D status since other sources of vitamin D are not 

taken into account. Ideally, randomized controlled trials of vitamin D and breast cancer risk 

should be used to assess this relationship.  

 The largest trial thus far is the Women’s Health Initiative (WHI) Calcium and Vitamin D 

trial which randomly assigned over 36,000 postmenopausal women to receive 1,000 mg of 

elemental calcium carbonate combined with 400 IU of vitamin D3 per day or placebo (63). While 

the study found no overall effect of supplementation on invasive breast cancer risk, the study was 

in fact designed to address the primary outcome of risk of hip and other fractures. Therefore, 

limitations include length of the study, as this seven-year intervention trial may not have been 

long enough to observe an impact on breast cancer incidence, and low doses of vitamin D may 

not be enough to produce beneficial effects. In addition, lack of adherence was another limitation 
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of the study, as one-quarter of participants stopped taking the study pills by the end of the study. 

However, a re-analysis of the WHI data, restricted to participants who were not taking personal 

vitamin D supplements at randomization, found an 18% decrease in breast cancer risk among 

women assigned to the treatment group compared to placebo (64). While these results are 

suggestive of an association between vitamin D and breast cancer risk, it is unclear whether the 

beneficial effects are due to the supplementation of calcium, vitamin D or the combination of the 

both.  

A recent meta-analysis of four randomized controlled trials (RCTs) found no evidence of 

an association between vitamin D supplementation (400-1100 IU per day) over 2-7 years of 

duration and breast cancer risk (65). As all four of these trials did not examine breast cancer 

incidence as a primary end point, there is a need for appropriately designed RCTs to examine 

this hypothesis on vitamin D and risk of breast cancer, although such a trial would require a long 

follow-up period, and would have high cost implications and potential issues of poor 

compliance.   

2.5.3 Vitamin D Serum Levels and Breast Cancer Risk 

 Serum 25(OH)D levels are arguably the closest proxy measure for vitamin D status, as it 

reflects vitamin D intake and vitamin D produced from UV radiation exposure, while accounting 

for factors such as seasonality and skin pigmentation. The conversion of vitamin D3 to 25(OH)D 

is unregulated, and therefore the serum levels more appropriately reflect vitamin D3 availability. 

In addition, 25(OH)D has a relatively long half-life of approximately three weeks, making it an 

appropriate measure of long-term vitamin D status (66). In contrast, other potential biological 

measures of vitamin D status are either too unstable or too tightly regulated. Vitamin D3 has a 

half-life of 24 hours and serum levels can be variable depending on recent exposure to ultraviolet 
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radiation or vitamin D ingestion (66). The serum half-life of 1,25(OH)2D is 4-6 hours and the 

regulation of 1,25(OH)2D production is highly controlled, causing measurements of 1,25(OH)2D 

serum levels to lack the sensitivity required to reflect vitamin D status. 

 A meta-analysis conducted in 2010 included results of four case-control studies and three 

nested case-control studies, and found there was a 45% reduction in breast cancer risk among 

women with the highest quintile of circulating 25(OH)D compared to women in the lowest 

quintile (61). Similarly, a subsequent meta-analysis of five case-control studies and four nested 

case-control studies, which included two additional studies to the ones examined in the previous 

meta-analysis, found a statistically significant inverse relationship between serum 25(OH)D 

levels and risk of breast cancer, but with stratification by study design, found no association 

among the nested case-control studies (67). A recent meta-analysis of only prospective studies, 

either nested case-control or cohort, suggested an inverse association between 25(OH)D levels 

and breast cancer risk when pooling from 14 studies, but this was not statistically significant 

(68).  

Inconsistencies in the results of these meta-analyses emphasize the methodological 

challenges in studying the relationship between 25(OH)D levels and breast cancer. Case-control 

studies are more vulnerable to selection biases, and serum levels measured after disease onset 

may be affected by the course of the disease itself or changes in lifestyle behaviours following 

diagnosis, introducing the potential for reverse causation. While nested case-control studies 

avoid such issues, these studies typically measure serum 25(OH)D levels at a single time point, 

despite seasonal fluctuations in serum levels due to variation in sun exposure. In addition, the 

time between exposure measurement and breast cancer diagnosis varies between studies, and 
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many studies may not be capturing the relevant biologically effective exposure time window 

which is in fact unknown. 

 Studies have also assessed for potential dose-response relationships between serum 

25(OH)D levels and breast cancer risk to provide more supportive evidence of an association. A 

meta-analysis of the prospective literature examined potential non-linear associations for risk of 

breast cancer among pre- and postmenopausal women across nine studies (69). No association 

was observed among premenopausal women, but an inverse association was observed among 

post-menopausal women above a threshold of 27 ng/mL of 25(OH)D in serum. The risk 

reduction became stronger with increasing serum levels until it flattened at doses of 35 ng/mL. 

The authors suggest that lack of consideration of a dose-response relationship in studies of serum 

25(OH)D levels and breast cancer risk may explain some of the inconsistencies in study results, 

although the exact mechanism of this threshold effect is unknown.  

 

2.6  Vitamin D Pathway Gene Variants and Breast Cancer Risk 

A number of genes associated with the vitamin D pathway and its variants have been of 

particular interest in breast cancer genetics, due to our understanding of the function and 

importance of the proteins encoded by those genes in the vitamin D pathway (70). In particular, 

the GC gene on chromosome 4 encodes the vitamin D binding protein (DBP), which facilitates 

the transport of vitamin D in the blood to various tissues and cells and regulates the amount of 

vitamin D available at these sites (71). Some vitamin D can also be found unbound to DBP, 

referred to as free vitamin D. It is suggested that variants in the GC gene may influence total 

levels of circulating vitamin D, as well as the ratio of DBP-bound vitamin D to free vitamin D, 

thereby influencing the availability of vitamin D at target tissues (71). As well, the VDR gene on 
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chromosome 12, which encodes the vitamin D receptor (VDR), is of interest due to the 

significance of VDR in activating downstream signalling pathways for vitamin D. Animal 

models of vitamin D receptor-deficient mice have demonstrated how genetic aberrations in the 

VDR gene can influence breast tumour development (49). 

2.6.1 Functional Significance of GC Variants 

 Two SNPs of the GC gene, both located in exon 11, have been identified to be located in 

coding regions and cause changes in the amino acid sequence of the DBP protein, termed 

nonsynonymous polymorphisms. The rs7041 polymorphism is the substitution of a G allele for 

T, resulting in the change from glutamic acid to aspartic acid at position 416 of the DBP protein 

(72). The rs4588 polymorphism results in a C-to-A transversion at position 420, leading to a 

threonine-to-lysine amino acid change. These two polymorphisms form three major isoforms of 

the DBP protein: (1) Gc1f, the wild-type form, characterized by aspartic acid at position 416 and 

threonine at position 420; (2) Gc1s, the combination of glutamic acid at position 416 and 

threonine at position 420; and (3) Gc2, the combination of aspartic acid at position 416 and 

lysine at position 420. Due to LD patterns, the combination of glutamic acid at position 416 and 

lysine at position 420 is very rare. Studies have shown that these isoforms have varying binding 

affinities for 25(OH)D, in which Gc1f has the highest affinity whereas Gc2 has the lowest 

affinity (73). As well, variations in glycosylation patterns between the different DBP isoforms 

have been shown to be related to different metabolic rates; specifically, the Gc2 isoform is 

metabolism more quickly than the other two (74). 

 Serum 25(OH)D concentrations have been shown to vary depending on the GC genotype. 

Studies have found that the minor alleles of both rs7041 and rs4588 are associated with lower 

25(OH)D concentrations (75-77). Studies have identified other GC polymorphisms, identified 
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through tagSNP selection methods, to be associated with changes in 25(OH)D levels, although 

the functional significance of these SNPs are unknown (76, 78). When examining by DBP 

phenotype, the Gc2 isoform is associated with lower 25(OH)D concentrations, compared to other 

isoforms (79, 80).  

2.6.2 Functional Significance of VDR Variants 

 Studies of vitamin D receptor polymorphisms have focused primarily on four restriction 

fragment length polymorphisms (RFLPs): FokI (rs2228570/ rs10735810), BsmI (rs1544410), 

ApaI (rs7975232) and TaqI (rs731236). Prior to the development of more advanced genotyping 

technologies, enzyme-based methods were used, in which polymorphisms could be identified 

using restriction enzymes that would cut DNA at a specific sequence. For the VDR gene, these 

polymorphisms, identifiable by restriction enzymes, have been studied more extensively than 

SNPs more recently identified through newer technologies. The FokI polymorphism causes 

protein translation to occur at a different ATG site, resulting in the formation of a truncated 

protein that has three amino acids fewer than the full length VDR protein of 427 amino acids 

(81). In vitro studies have shown that cells carrying the FokI polymorphism will express VDR 

proteins that are less stable and less efficient in mediating the action of 1,25(OH)2D (81).  

The BsmI polymorphism is located in intron 8, and does not affect the structure or 

function of the VDR protein, but has been suggested to impair the stability of VDR messenger 

RNA due to its link with a poly(A) microsatellite repeat in the 3’ untranslated region (82).  

The ApaI polymorphism is also located in intron 8 and is speculated to have similar functional 

effects as the BsmI polymorphism (83). Lastly, TaqI is located in exon 9 and is a synonymous 

polymorphism, in which the variation in the single nucleotide does not change the amino acid 

sequence of the encoded protein (83). Although the ApaI, BsmI and TaqI polymorphisms may be 
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non-functional, an effect on vitamin D signalling pathway functionality may be derived from 

linkage disequilibrium (LD) with one or more truly functional polymorphisms located in the 

vitamin D receptor gene that have effects on the receptor’s affinity, expression level, tissue 

specificity or temporal expression pattern (83, 84).  

2.6.3 Epidemiology of GC Polymorphisms and Breast Cancer Risk 

 Relationships between genetic variants in the GC gene and breast cancer risk have not 

been well established due to inconsistent results of association studies. One study conducted 

among Caucasian women in Ontario found the minor allele of rs7041 to be associated with a 

23% increase in risk for breast cancer (85). However, other studies have not observed any 

association between rs7041 and breast cancer risk (77, 78, 86, 87). For rs4588, studies have 

provided null results with regards to an association with breast cancer risk (77, 85, 87). One 

study found that the relationships between these two GC polymorphisms and risk of breast 

cancer were not modified by ER and PR status of breast tumours (77). A variety of tagSNPs have 

also been examined in relation to breast cancer risk and have reported no association (78, 86).    

 In examining the two nonsynonymous polymorphisms together, one study of 

postmenopausal women found that carriers of two Gc2 alleles had a 28% decrease in risk for 

breast cancer compared to women with the Gc1s genotype (88). This study also found that while 

Gc genotype and breast cancer risk was not modified by ER status of the breast tumour, it was 

modified by PR status, in which the inverse association was observed for PR-positive tumours. 

In contrast, another study found no association between GC genotype and breast cancer risk (85). 

Given the functional significance of these polymorphisms, further studies are required to 

determine whether they are associated with breast tumour development. 
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2.6.4 Epidemiology of VDR Polymorphisms and Breast Cancer Risk 

 Results from studies of VDR RFLPs and breast cancer risk have also been inconsistent, 

reporting null (89-93) or weak associations (89, 94). In 2013, three meta-analyses of the FokI 

polymorphism were published: one included 18 studies and found that the minor allele was 

associated with an increased risk of breast cancer in the general population and among 

Caucasians only (89); however, the other two meta-analyses, one which included similar but 

fewer studies (90) and another which included more (92), found no association between FokI and 

breast cancer risk among Caucasians. For BsmI, three meta-analyses reported no association with 

breast cancer risk (89, 90, 93). An association between ApaI and breast cancer risk was observed 

among Asians in one meta-analysis (89), but two other meta-analyses found no association 

among Asians or Caucasians (90, 91). Lastly, the results of a meta-analysis showed the minor 

allele of TaqI to be positively associated with breast cancer risk in the general population and 

among Asians (94), which is inconsistent with the null findings reported in two other meta-

analyses (89, 90). Unfortunately, many of these meta-analyses are limited by the use of various 

definitions of controls across studies, and an inability to assess for modifications by menopausal 

status or tumour receptor status due to lack of data and/or small sample size. The inconsistencies 

in the results across these studies warrant further investigation into the relationship between 

these polymorphisms and breast cancer risk. 

 Studies examining potential modifications by tumour receptor status have primarily 

examined only ER and PR status. Pooled data from six prospective studies in the National 

Cancer Institute Breast and Prostate Cancer Cohort Consortium demonstrated a slightly stronger 

association between the FokI polymorphism and breast cancer risk among those with ER-/PR- 

tumours than those with ER+/PR+ tumours (95). Another study found an association for the TaqI 
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polymorphism and ER+ tumours but not for ER- tumours (96). However, other studies have not 

observed modification by ER or PR status (77, 97). One study considered HER2 status in 

addition to hormone receptor status, and found that neither FokI nor BsmI were associated with 

tumour characteristics, although that study may be unpowered due to limited sample size (98).  

 Studies of other VDR polymorphisms, selected through tagging or because of established 

or suspected impact on vitamin D signalling, have predominantly reported null associations with 

breast cancer risk (77, 85, 97, 99), although there are suggestions of modest associations with 

risk of breast cancer for rs2544038 (77, 97), rs11168287 (97) and rs2239186 (99). In addition, 

risk associated with rs2544038 was stronger among women with ER-/PR- tumours (97). 

However, further studies are required to validate these findings.   

2.6.5 Epidemiology of VDR Haplotypes and Breast Cancer Risk 

 One nested case-control study of VDR haplotypes and breast cancer risk genotyped 26 

SNPs, selected through tagging, and identified three haplotype blocks (blocks “A”, “B”, and 

“C”) in the Agricultural Health study cohort (97). One haplotype of block B, which consists of 

11 SNPs, was associated with a 50% reduction in risk of breast cancer. However, this study was 

conducted with a predominantly white population and is limited by a small sample size. 

 

2.7 Rationale 

 In summary, there is growing evidence that vitamin D may be protective against breast 

cancer, although this relationship is as yet indeterminate due to the methodological challenges 

and the paucity of data to date. Examining polymorphisms in genes associated with the vitamin 

D signalling pathway may provide further evidence for such a relationship and elucidate the 

mechanistic role for vitamin D in anti-tumorigenesis. While certain SNPs of the GC (rs4588 and 
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rs7041) and VDR genes (FokI, ApaI, BsmI and TaqI) have been extensively studied, these studies 

have inconsistent results, and there are very few studies examining the contribution of other 

SNPs in vitamin D-related genes or haplotypes of the VDR gene. In addition, most of these SNPs 

have not, to our knowledge, been examined in relation to ER/PR/HER2-defined breast tumour 

subtypes.  

Our research will provide further insights into the role of genetic variants in vitamin D 

related genes on risk for ER/PR/HER2-defined subtypes of breast cancer among pre- and post-

menopausal women. This study is unique in being able to investigate new potential genetic 

susceptibility factors among those of both European and East Asian descent, and, since we are 

part of the international Breast Cancer Association Consortium, our results will eventually be 

combined with those from 26 other countries. 
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Chapter 3: Methods 

3.1 Objectives 

1. To characterize the distribution of genetic variation in vitamin D-related genes by 

ethnicity; 

2. To determine the association of polymorphisms of vitamin D-related genes with breast 

cancer risk by ethnicity and menopausal status, while accounting for other factors; 

3. To assess if breast cancer risk from single nucleotide polymorphisms (SNPs) in vitamin 

D-related genes varies by tumour receptor status, namely (1) ER+ and/or PR+/HER2-; (2) 

ER+ and/or PR+/HER2+; (3) ER-/PR-/HER2+; and (4) ER-/PR-/HER2-; and 

4. To determine the relationship between vitamin D receptor gene haplotypes and breast 

cancer risk by ethnicity.   

 

3.2 Study Population 

 In 2010, data collection was completed for a large multi-ethnic case-control study in 

Greater Vancouver, British Columbia and Kingston, Ontario (Canadian Breast Cancer Study, 

CBCS, formerly known as the Molecular Epidemiology of Breast Cancer Study; KJ Aronson and 

JJ Spinelli co-PIs; co-investigators A Brooks-Wilson, A Grundy, H Richardson, and I Burstyn), 

and participants have agreed to continuing investigations. Ethics approval for this study was 

obtained from the University of British Columbia – BC Cancer Agency Clinical Research Ethics 

Board and the Queen’s University Health Sciences Research Ethics Board.  

 In British Columbia (BC), incident cases ages 40-80 and newly diagnosed with either in 

situ or invasive breast cancer between 2005 and 2009 were recruited from the BC Cancer 

Registry. Cases must have had no previous history of cancer (except non-melanoma skin cancer) 
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and were living in Vancouver, New Westminster, Richmond or Burnaby. Controls were cancer-

free individuals, frequency-matched to cases by five-year age group and residing in the same 

geographic area. They were recruited from the Screening Mammography Program of BC, among 

those who had previously consented to participate in research studies during the course of routine 

mammographic screening. Potential participants were sent a study package, which included 

study information, a consent form and the study questionnaire. Study materials were also 

provided in Chinese (Cantonese or Mandarin) and Punjabi for those who could not read or speak 

English. Response was 54% among cases and 57% among controls. All participants completed a 

detailed questionnaire, either self-administered or telephone interview, and were asked to 

provide a biological sample, either blood or saliva, and access to medical records concerning 

breast health. A total of 1,001 cases and 1,014 controls were recruited from Vancouver. 

 In Kingston, cases and age frequency-matched controls were recruited from the Hotel 

Dieu Breast Assessment Program prior to diagnosis. Eligibility criteria included under 80 years 

of age, no previous history of cancer (except non-melanoma skin cancer), not too ill to 

participate and non-use of cancer-preventative drugs. Women who had consented to be contacted 

had their eligibility confirmed and were sent a study package. Response was 59% among cases 

and 49% among controls. Women with a subsequent diagnosis of either in situ or invasive breast 

cancer were categorized as cases, while women with either normal mammogram results or who 

were diagnosed with benign breast disease were categorized as controls and were frequency 

matched by five-year age group. All participants self-administered the questionnaire, and were 

asked to provide a biological sample (blood only) and access to medical records concerning 

breast health. From Kingston, 131 cases and 163 controls were recruited. 
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3.3 Exposure Assessment 

While data collection was in progress, the study used a candidate-gene approach to 

identify which SNPs and genes were of a priori interest based on their review of the literature 

and existing genetic information databases. For the hypothesized vitamin D pathways, two 

genes, GC and VDR, were identified from the literature (1) and a set of HapMap tagSNPs for 

both genes were selected using data from the Northern Europeans from Utah (CEU) population 

from HapMap release 28 and Tagger (2) in Haploview (3). Only SNPs with a minor allele 

frequency (MAF) of greater than 0.10, with an r2 threshold of 0.8, were chosen. The set of SNPs 

also included those of vitamin D-related genes that have been previously identified in the 

literature as being associated with breast cancer risk, generating a set of 25 SNPs in total related 

to the vitamin D signalling pathway, as shown in Table 3.1. A 768 SNP Golden Gate (Illumina) 

assay that included the 25 vitamin D-related SNPs, along with SNPs related to circadian rhythm 

(4), DNA repair, inflammation, xenobiotic metabolism, and replication was performed.  

Genomic DNA was isolated from blood or saliva samples, and sufficient DNA for 

genotyping was obtained from 2,126 participants (92%). Genotyping was performed by the 

Genome Quebec / McGill University Innovation Centre. Several quality control criteria were 

established and quality control for the genotype data was completed using Genome Studio 

v2011.1 (Illumina, San Diego, CA, USA), PLINK v1.07 (5), GRR (6) and Excel 2007 

(Microsoft, Redmond, WA, USA). As per Illumina’s recommendations (Illumina User Guide, 

Illumina, Part#11319113), SNPs were excluded if they exhibited Gencall Scores < 0.25; had 

GenTrain scores < 0.4; exhibited poor clustering; were mono-allelic; showed genotype 

discrepancies in 126 pairs of replicate samples; had call rates < 0.95; had unexpectedly low 

minor allele frequency among Caucasian controls in comparison to HapMap CEU data; or 



46 

 

violated the Hardy-Weinberg equilibrium (p < 0.001) in European-ancestry controls. Four SNPs 

of VDR (rs731236 (TaqI), rs2228570 (FokI), rs4760648 and rs10783219) failed assay design and 

were excluded. Therefore, subsequent analyses included one SNP related to the GC gene located 

on chromosome 4 and 20 SNPs related to the VDR gene located on chromosome 12.  

Table 3.1 SNPs of Vitamin D-Related Genes 

Gene Chromosome SNP 
Base-Pair 

Position 

Minor Allele 

Frequency  

(CEU Population) 

Source 

GC 4 rs7041 72618334 0.43 Anderson et al., 2011 (1) 

VDR 12 rs731236 (TaqI) a 48238757 0.44 tagSNP 

VDR 12 rs757343 48239675 0.13 tagSNP 

VDR 12 rs1544410 (BsmI) 48239835 0.44 tagSNP 

VDR 12 rs7967152 48244184 0.43 tagSNP 

VDR 12 rs2239182 48255411 0.48 tagSNP 

VDR 12 rs2107301 48255570 0.30 tagSNP 

VDR 12 rs12717991 48259126 0.42 tagSNP 

VDR 12 rs12721370 48262073 0.11 tagSNP 

VDR 12 rs886441 48262964 0.19 tagSNP 

VDR 12 rs3819545 48265006 0.41 tagSNP 

VDR 12 rs2239186 48269410 0.21 tagSNP 

VDR 12 rs10875693 48269650 0.31 tagSNP 

VDR 12 rs11168275 48272275 0.21 tagSNP 

VDR 12 rs2228570 (FokI) a 48272895 0.43 tagSNP 

VDR 12 rs2254210 48273714 0.38 tagSNP 

VDR 12 rs2238136 48277713 0.23 tagSNP 

VDR 12 rs2853564 48278487 0.44 tagSNP 

VDR 12 rs4760648 a 48280665 0.48 tagSNP 

VDR 12 rs11168287 48285414 0.41 tagSNP 

VDR 12 rs4328262 48285648 0.39 tagSNP 

VDR 12 rs7302235 48292838 0.22 tagSNP 

VDR 12 rs11168292 48293605 0.36 tagSNP 

VDR 12 rs10783219 a 48295488 0.32 tagSNP 

VDR 12 rs11568820 48302545 0.20 Anderson et al., 2011 (1) 

a Failed assay design 
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Exclusion criteria for samples included call rate < 0.95 (n = 14); unrelated samples 

having identical genotypes (n = 6); gender discrepancy, as identified by Y chromosome markers, 

indicating that the sample was male (n = 1); excess heterozygosity, specifically greater than 3 

standard deviations from the mean of other samples of the same ethnicity (n = 4); discrepancies 

between self-reported ethnicity and predicted ethnicity from genotype data (n = 5); and if the 

participant had a relative in the study (n = 9). Questionnaire data were used to verify that the nine 

pairs of samples were from relatives, and the individual with the later diagnosis date, if the pairs 

were both cases, or the individual with the younger age, if the pairs were both controls, was 

excluded. To compare self-reported ethnicity to predicted ethnicity, identity-by-state was 

calculated and multi-dimensional scaling plots (5) were created with HapMap samples selected 

from the CEU; Han Chinese in Beijing, China (CHB); Chinese in Metropolitan Denver, 

Colorado (CHD); Japanese in Tokyo, Japan (JPT); Yoruba in Ibadan, Nigeria (YRI); and 

Toscani in Italia (TSI) population. A total of 1,038 cases and 1,051 controls remained after 

quality control procedures.  

 

3.4 Outcome Assessment 

As previously mentioned, breast cancer cases were obtained from the BC Cancer 

Registry or the Hotel Dieu Breast Assessment Program. Tumour pathology markers, estrogen 

receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 

(HER2), have been obtained for most cases (96%) from the BC Cancer Registry and BC Breast 

Cancer Outcomes Unit, or directly from electronic patient charts for participants from Kingston. 

Immunohistochemistry (IHC) was performed to determine ER and PR statuses. For both ER and 

PR, IHC results classified tumours as OZER (negative, 0/3); OLOW (weakly positive, 1/3); 
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OMOD (moderately positive, 2/3); OHIG (strongly positive, 3/3); OXXX (receptors were tested 

but there was insufficient quantity for interpretation or the result is borderline); or XXXX (not 

tested). IHC results of OLOW, OMOD or OHIG were considered ER or PR positive.  

HER2 status was determined using IHC, supplemented by fluorescence in situ 

hybridization (FISH) if the IHC results were indeterminate. IHC results classified tumours as 0 

(negative); 1 (weak staining); 2 (moderate staining; equivocal or indeterminate); 3 (strong 

staining); 4 (positive but not quantified); 8 (not done or not applicable); or 9 (done but results are 

unknown). FISH results classified tumours as 33 (indeterminate result, ratio > 4.0 and < 8.0); 44 

(negative, ratio ≤ 4.0); 55 (positive, ratio ≥ 8.0); 66 (negative, ratio not given); 77 (positive, ratio 

not given); 88 (not done or not applicable); and 99 (done but results are unknown). Tumours 

with IHC scores of 1, 3 or 4, or FISH scores of 55 or 77 were considered HER2 positive. Cutoffs 

for determination of HER2 status were established within an etiologic context, assessing only the 

presence and absence of the marker, as opposed to within a clinical context, which establishes 

criteria for HER2 positivity based on the suitability of HER2-directed therapy. Breast tumour 

subtypes were defined first using ER and PR: ER+ and/or PR+, and ER-/PR-. These subtypes 

were further stratified to account for HER2 status, forming four subgroups: ER+ and/or 

PR+/HER2-; ER+ and/or PR+/HER2+; ER-/PR-/HER2+; and ER-/PR-/HER2-. 

 

3.5 Covariates 

 The questionnaire completed by participants provided information regarding education; 

ethnicity; health, medical and reproductive history; family history of cancer; lifestyle 

characteristics including lifetime tobacco and alcohol consumption; lifetime physical activity and 

cooking habits; and lifetime occupational and residential histories (Appendix A). Due to 
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frequency matching by age and centre, these variables were included in all models as covariates. 

Information on age was missing for one individual in the control group, and this observation was 

excluded from all analyses.  

Population stratification, a phenomenon in which geographic ancestry and non-random 

mating results in systematic differences in the distribution of alleles between population 

subgroups, will be addressed through stratification by ethnicity: European, East Asian (primarily 

Chinese, but also Japanese, Korean and Filipino), South Asian, and mixed or other (black, 

Aboriginal, Middle Eastern, Latin American and Southeast Asian). Information on ethnicity was 

missing for one individual in the case group, and this observation was excluded from all 

analyses.   

Potential confounders of the relationship between vitamin D receptor polymorphisms and 

breast cancer risk are limited, as there are unlikely to be any factors related to the genetic 

variants that an individual carries at the VDR or GC gene. Covariates that are related to breast 

cancer risk will be assessed for inclusion into the multivariable models, although they are not 

expected to be empirical confounders. These include body mass index (BMI, continuous); 

household income (< $30,000; $30,000-$59,999; $60,000-$99,999; > $100,000; or not stated); 

education level (high school or less; college or trade certificate; undergraduate degree; or 

graduate or professional degree); age at menarche (continuous); age at first birth (<20; 20-22; 23-

25; 26-28; 29-31; 32-34; ≥ 35; nulliparous); age at first mammogram (continuous); primary 

family history of breast cancer (yes or no); smoking (yes or no); lifetime pack-years of cigarette 

smoking (continuous, calculated by multiplying the number of packs of cigarettes smoked per 

day by the number of years smoking where one pack is equivalent to 20 cigarettes); lifetime 

alcohol consumption (continuous, calculated by the mean number of drinks  per week for each 
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age group by decade); and use of oral contraceptives and hormone replacement therapy (yes or 

no). 

Since pre- and post-menopausal breast cancers are thought to have a different etiology, 

analyses will also be stratified by menopausal status. Classification of postmenopausal status was 

established by fulfilling one of the following criteria: periods had stopped for greater than one 

year at time of diagnosis for cases or time of study entry for controls; periods stopped naturally 

and were 50 years of age if time since last period was missing; had a bilateral oophrectomy; or 

were over 55 years of age and periods stopped due to chemotherapy or other reasons, similar to 

Friedenreich et al (7). 

 

3.6 Statistical Analysis 

3.6.1 Descriptive Analysis 

  Descriptive statistics were generated to describe key characteristics of the cases and 

controls of the study population, including age, BMI, ethnicity, household income, education, 

menopausal status, reproductive history, family history of breast cancer, smoking status, pack-

years smoking, lifetime alcohol consumption and medication use. For continuous variables, 

means and standard deviations were calculated; for categorical variables, frequency tables were 

generated. Cases and controls were compared using t-tests for parametric continuous variables, 

Wilcoxon rank sum tests for non-parametric continuous variables and chi-squared tests or 

Fisher’s exact tests for categorical variables. Fisher’s exact test was conducted for categorical 

variables when more than 25% of the cells had expected counts less than 5. Descriptive analyses 

were also stratified by ethnicity to compare cases and controls of European and East Asian 

descent.  



51 

 

In addition, descriptive statistics were generated to examine characteristics of cases 

stratified by breast tumour subtypes, as defined by ER, PR and HER2 status. Comparisons were 

made between controls and case subtypes (pCC), and between case subtypes alone to assess for 

tumour heterogeneity (pTH), using one-way analysis of variance (ANOVA) for parametric 

continuous variables, Kruskal-Wallis tests for non-parametric continuous variables, and chi-

square tests and Fisher’s exact tests for categorical variables. Descriptive statistics were also 

used to compare characteristics of cases stratified by ER and PR status only. ANOVA and 

Kruskal-Wallis tests was used to compare continuous variables between controls and case 

subtypes, while t-tests and Wilcoxon rank sum tests were used to compare ER+ and/or PR+ 

cases to ER-/PR- cases; chi-square tests and Fisher’s exact tests were used for categorical 

variables. All analyses were further stratified by ethnicity to compare characteristics within 

Europeans and East Asians. All statistical analyses were performed using SAS (Version 9.4, SAS 

Institute, Cary, NC).   

3.6.2 Distribution of Genetic Variation 

 Descriptive statistics were used to describe the distribution of single nucleotide 

polymorphisms for vitamin D related genes for objective 1. The major and minor alleles of each 

polymorphism were defined among the European controls, in which the major allele constitutes 

over 50% of alleles. Individuals were categorized as carrying the common homozygous, 

heterozygous or variant homozygous single nucleotide polymorphisms, where common 

homozygous is defined as carrying two major alleles, heterozygous is carrying one major allele 

and one minor allele, and variant homozygous is carrying two minor alleles. Frequency tables 

were generated to examine the distribution of genetic variation for each polymorphism. Bivariate 

comparisons for SNP distributions between breast cancer cases and controls were conducted 
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using chi-square tests and Fisher’s exact tests, stratified by the aforementioned ethnic subgroups: 

European, East Asian, South Asian and mixed/other. The minor allele frequency (MAF) for each 

SNP was calculated. MAFs were calculated among cases and controls for the overall study 

population, and stratified by ethnicity. All analyses were performed using SAS and PLINK v1.07 

(5), a whole genome association analysis toolset designed for handling large genetic datasets and 

conducting large-scale genetic association analyses, among other functions, in a computationally 

efficient manner.  

3.6.3. SNPs of Vitamin D-Related Genes and Breast Cancer Risk 

 For objective 2, relationships between individual SNPs and breast cancer risk were 

investigated using unconditional logistic regression in an additive genetic model adjusted for age 

and center, using PLINK. All analyses were first stratified by ethnicity, and subsequently by 

menopausal status among the European and East Asian subgroups. Associations between 

potential confounders and breast cancer risk were assessed separately in Europeans and East 

Asians using backwards elimination, with an exclusion p-value criterion of α = 0.20, from the 

fully adjusted model. Subsequently, a change-in-estimate approach was used to generate the final 

model in which confounders were retained if the odds ratio was changed by 10% or more. 

Confounders for the relationship between the rs7041 polymorphism of the GC gene and breast 

cancer risk was assessed independently of other SNPs, as it is located in a separate gene and its 

association with breast cancer risk may be affected by different factors to varying degrees. For 

SNPs of the VDR gene, confounder assessment was conducted for the SNP with the strongest 

association with breast cancer risk in the fully adjusted model among Europeans to represent all 

SNPs of the VDR gene. 
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As multiple comparisons may have been an issue since several SNPs were being 

examined, the Benjamini-Hochberg adjustment (8) was employed. The Benjamini-Hochberg 

adjustment controls the expected proportion of falsely reject hypotheses, or false discovery rate 

(FDR), across all SNPs (n = 21) and provides corrected p-values. SNPs with p < 0.05 after FDR 

adjustment were considered statistically significant. All analyses were performed using SAS and 

PLINK. 

3.6.4 SNPs of Vitamin D-Related Genes and Breast Tumour Subtypes 

 Polytomous logistic regression was used to assess if breast cancer risk from vitamin D 

related receptor single nucleotide polymorphisms varied by tumour receptor status for objective 

3. Polytomous logistic regression allows for the modeling of a relationship between a set of 

independent variables and a dependent variable for which there are more than two possible 

outcomes. Two sets of polytomous logistic regression models were generated: one in which 

cases were stratified by hormone receptor and HER2-defined tumour subtypes: ER+ and/or 

PR+/HER2-; ER+ and/or PR+/HER2+; ER-/PR-/HER2+; and ER-/PR-/HER2-; and one in which 

cases were stratified by hormone receptor status only: ER+ and/or PR+ and ER-/PR-. All 

analyses assumed an additive genetic model, in which the breast tumour subtypes were treated as 

nominal response categories and the control group was used as the referent group. In addition, 

age and centre were included in all models.   

 Case-case polytomous logistic regression analyses, in which controls were excluded, 

were conducted to assess heterogeneity of ORs (p-value for tumour heterogeneity, pTH) across 

hormone receptor- and HER2-defined breast tumour subtypes for each SNP. The ER+ and/or 

PR+/HER2- subgroup was used as the referent group and heterogeneity was assessed using the 

Wald test (9). Case-case logistic regression analyses were also used to assess heterogeneity 
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between hormone receptor-defined breast tumour subtypes. The ER+ and/or PR+ subgroup 

served as the referent group. Issues of multiple comparisons were addressed as described for 

objective 2 in section 3.6.3. All analyses were performed using SAS. 

3.6.5 Vitamin D Receptor Gene Haplotypes and Breast Cancer Risk 

 For the haplotype analyses, the linkage disequilibrium (LD) pattern across the 20 VDR 

SNPs was determined using Haploview for the European and East Asian controls. Measures of 

LD were calculated using r2 values for each combination pair of SNPs and displayed in a 

triangular LD plot.  Haplotype blocks were defined among European and East Asian controls 

using the algorithm proposed by Gabriel et al. (10), in which haplotypes are defined based on the 

95% confidence intervals of D’ estimates, the standardized linkage disequilibrium parameter. 

Strong LD was defined by an upper 95% bound greater than 0.98 and a lower 95% bound greater 

than 0.7.  

 The frequency of haplotypes in each block was calculated using the expectation-

maximization (EM) algorithm (11) among cases and controls for Europeans and East Asians. 

Since the genotype data is unphased, in which the chromosome among the pair that holds a given 

allele is unknown, this algorithm predicts a set of haplotypes which best explains the observed 

genotypes within the dataset. Haplotype frequencies were estimated using the haplo.stats (12) 

software package in R v2.3.1 (13). 

 Weighted logistic regression, assuming an additive genetic model, was used to estimate 

the odds ratios for associations between haplotypes and breast cancer within each block for 

Europeans and East Asians. Weighting is required to avoid potentially biased estimates resulting 

from case-control sampling (14), and weights were established using probabilities of having a 

given haplotype estimated by the EM algorithm (15). Age and centre were included as covariates 
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for all models. For each haplotype block, the most common haplotype among the controls in the 

respective ethnic subgroup was used as the referent category and haplotypes with frequencies 

less than 0.02 were combined to avoid invalid estimations of rare haplotypes. Analyses were 

performed using the haplo.ccs (15) software package in R v.2.3.1 (13). 

3.6.6 Sensitivity Analysis 

 Sensitivity analysis was conducted to minimize potential selection bias that may have 

occurred from the recruitment of cases using a population-based source and recruitment of 

controls using a screening mammography program. Cases from British Columbia were linked to 

the Screening Mammography Program of BC with their provincial personal health numbers and 

cases who have never attended screening mammography were excluded. 

 

3.7 Ethical Considerations 

The Canadian Breast Cancer Study (CBCS), under its previous name Molecular 

Epidemiology of Breast Cancer (MEBC), has received ethical approval from the Health Sciences 

Research Ethics Board at Queen’s University and the Research Ethics Board at the British 

Columbia Cancer Agency. The candidate obtained expedited ethical approval from the Health 

Sciences Research Ethics Board at Queen’s University for this thesis project (Appendix B). 

Personal identifying information was stored in a secure, locked office at the Queen’s Cancer 

Research Institute and all analysis files were anonymized.  
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Chapter 4: Genetic Variation in Vitamin D-Related Genes and Risk of Breast 

Cancer Among Women of European and East Asian Descent 

4.1 Abstract 

Background: Vitamin D has been linked to various anti-tumorigenic actions in breast cancer. 

However, studies of vitamin D-related genetic variants and breast cancer risk have been 

inconsistent. The aim of this study was to investigate genetic variation in vitamin D-related 

genes in relation to breast cancer risk among European and East Asian women, and potential 

interactions in these relationships by breast tumour subtypes.   

Methods: Data from a case-control study of breast cancer (1,037 cases and 1,050 controls) were 

used to assess relationships between 21 SNPs in two vitamin D-related genes (GC and VDR) and 

breast cancer risk. Odds ratios were calculated in stratified analyses of European and East Asian 

women, using logistic regression in an additive genetic model adjusted for age and centre. 

Polytomous regression was used to assess risk by breast tumour subtype. False discovery rate 

adjustments were conducted to address risks associated with multiple testing. 

Results: Prior to consideration of tumour subtype, no association was observed between GC or 

VDR SNPs and breast cancer risk following false discovery rate adjustment. Upon consideration 

of tumour subtype, among European women, rs1544410 and rs7967152 in VDR were associated 

with ER-/PR-/HER2+ tumours (32 cases), with ORs of 0.38 (95% CI: 0.21 – 0.70) and 2.80 

(95% CI: 1.63 – 4.85), respectively.  

Conclusions: Associations between vitamin D-related genetic variants and breast cancer risk 

were not observed overall, although the risks associated with two polymorphisms were found to 

differ by tumour subtype.    
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Impact: Relationships between vitamin D pathway polymorphisms and breast cancer risk may 

be modified by breast tumour subtype.  
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4.2 Introduction 

 Among Canadian women, breast cancer accounts for more than a quarter of incident 

cancer cases, and is the second leading cause of cancer death (1). A growing body of evidence, 

from in vitro models (2–9), animal models (10,11) and epidemiological studies (12–19), supports 

a modest protective effect of vitamin D against breast cancer. However, the exact underlying 

biological mechanism for this relationship remains unclear.  

 Major sources of vitamin D include sunlight exposure, diet and supplements. Circulating 

vitamin D, or 25-hydroxyvitamin D (or 25(OH)D), in the body is primarily produced by the 

action of ultraviolet light, ultimately forming the biologically active form of vitamin D, 1,25 

dihydroxyvitamin D (1,25(OH)2D), which is bound by the vitamin D binding protein (DBP), 

encoded by the GC gene located on chromosome 4 (20). Binding of 1,25(OH)2D to the nuclear 

vitamin D receptor (VDR), encoded by the VDR gene located on chromosome 12, has been 

implicated in regulating cell proliferation (2,3), differentiation (4,5), and apoptosis (5,6); 

attenuating the effects of insulin-like growth factor I (IGF-I) (7); reducing the synthesis and 

biological activity of prostaglandins (9); and down-regulating estrogen signalling pathways (8,9). 

These represent putative mechanisms by which vitamin D may modulate the risk of recurrence 

following breast cancer treatment, or of developing breast cancer. The relationship between 

vitamin D and breast cancer risk has been examined indirectly via measures of sunlight exposure 

(12,13), and directly through assessment of vitamin D intake (14–16) or measurement of serum 

25(OH)D levels (14,17–19), and the evidence is suggestive of a 5-8% decrease in risk across 

different measures of vitamin D and breast cancer (21), although results vary by study design and 

population (22).  
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 Nonsynonymous polymorphisms of the GC gene give rise to different isoforms of the 

vitamin D binding protein, which have varying binding affinities for 25(OH)D (23) and are 

associated with changes in circulating 25(OH)D concentrations (24–26). The potential 

implications of these nonsynonymous GC polymorphisms for breast cancer risk have been 

explored although findings have been inconsistent. One study reported rs7041 to be associated 

with breast cancer risk (27); however, this association has not been observed in other studies 

(28–30). Similarly, evidence of a relationship between single nucleotide polymorphisms of the 

VDR genes and risk of breast cancer has also been inconsistent. These studies have primarily 

focused on breast cancer risks associated with polymorphisms identifiable by restriction 

enzymes: FokI (rs2228570/rs10735810), BsmI (rs1544410), ApaI (rs7975232) and TaqI 

(rs731236). Although null (31–35) or weak associations (32,36) with breast cancer have been 

reported, the functional significance of many of these polymorphisms is largely unknown (37). A 

meta-analysis demonstrated an association between the VDR ApaI polymorphism and breast 

cancer risk in an Asian population (32), and another meta-analysis found no association between 

any of the four SNPs defined by the FokI, ApaI, BsmI or TaqI polymorphisms, and breast cancer 

risk among Caucasian women (33). Studies assessing other polymorphisms in the VDR gene are 

limited and the functional significance of these polymorphisms are unknown, although there is 

suggestion of weak associations between select polymorphisms and breast cancer risk (38,39). 

 The majority of studies examining vitamin D-related genes have examined only a limited 

number of SNPs in the VDR gene. While many studies have assessed these associations by 

estrogen and progesterone receptor (ER/PR) status, to our knowledge, most of these 

polymorphisms have not been examined with respect to human epidermal growth factor 2 

(HER2) status as well. We assessed associations of individual polymorphisms in GC and VDR 
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with risk of breast cancer, to provide further insight into the role of genetic variation in vitamin 

D related genes on risk for hormone receptor- and HER2-defined subtypes of breast cancer 

among pre- and post-menopausal women of European and East Asian descent.   

 

4.3 Methods 

4.3.1 Study Population 

 In 2010, data collection was completed for a large multi-ethnic case-control study in 

Greater Vancouver, British Columbia and Kingston, Ontario (Canadian Breast Cancer Study, 

CBCS). In British Columbia, female incident cases (n = 1,001), ages 40-80, newly diagnosed 

with either in situ or invasive breast cancer, and living in Vancouver, New Westminster, 

Richmond or Burnaby, were recruited from the BC Cancer Registry. Controls (n = 1,014) were 

cancer-free women recruited from the Screening Mammography Program of BC, frequency-

matched to cases by five-year age group and residence in the same geographic area. In Kingston, 

female cases (n = 131) and age frequency-matched controls (n = 163) were recruited from the 

Hotel Dieu Breast Assessment Program prior to diagnosis. Participants completed a detailed 

questionnaire, either self-administered or by telephone interview, and provided a biological 

sample, either blood or saliva. Sufficient DNA for genotyping was obtained from 92% of 

participants. Breast cancer biomarkers (ER, PR, and HER2) were obtained for most cases (n = 

997). Ethics approval for this study was obtained from the University of British Columbia – BC 

Cancer Agency Clinical Research Ethics Board and the Queen’s University Health Sciences 

Research Ethics Board. 
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 4.3.2 Data Collection 

Most questionnaires were self-completed and returned by mail (BC and ON), while a 

portion were completed over the telephone using a computer-aided telephone interview in BC 

only. The questionnaire provided information regarding geographic ancestry; menopausal status; 

education; health, medical and reproductive history; family history of cancer; lifestyle 

characteristics including lifetime tobacco and alcohol consumption; lifetime physical activity and 

cooking habits; and lifetime occupational and residential histories. 

Immunohistochemistry (IHC) was performed to determine ER and PR status of all 

invasive tumours. HER2 status was determined using IHC, supplemented by fluorescence in situ 

hybridization (FISH) if the IHC results were indeterminate. For etiologic purposes, ER, PR and 

HER2 status was established from assessment of only the presence and absence of the given 

marker, as opposed to the use of positivity criteria based on the suitability of hormone or HER2-

directed therapy in a clinical context. Breast tumour subtypes were classified into four groups: 

ER+ and/or PR+/HER2-; ER+ and/or PR+/HER2+; ER-/PR-/HER2+; and ER-/PR-/HER2-. 

 A candidate-gene approach was taken to identify SNPs to be genotyped. Two genes 

(VDR and GC) related to the vitamin D signalling pathway were identified in the literature (27). 

The data from the CEU population from HapMap release 28 was used to select a set of tagSNPs 

for both genes, using Tagger (40) in Haploview (41). The set of SNPs also included vitamin D 

related SNPs previously identified in the literature (27) as being associated with breast cancer 

risk (rs11568820 of VDR and rs7041 of GC), generating a set of 25 SNPs in total related to the 

vitamin D signalling pathway. They included one SNP in GC: rs7041; and 24 SNPs in VDR: 

rs757343, rs1544410 (BsmI), rs7967152, rs2239182, rs2107301, rs12717991, rs12721370, 

rs886441, rs3819545, rs2239186, rs10875693, rs11168275, rs2254210, rs2238136, rs2853564, 
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rs11168287, rs4328262, rs7302235, rs11168292, rs11568820, rs10783219, rs4760648, 

rs2228570 (FokI) and rs731236 (TaqI). A 768 SNP Golden Gate (Illumina) assay that included 

the 25 SNPs related to the vitamin D pathway, as well as SNPs related to other hypotheses (42), 

was performed. Genotyping was performed by the Genome Quebec / McGill University 

Innovation Centre in Montreal, Canada.  

 Quality control of genotype data has been previously described (42). Relevant to this 

analysis, four SNPs (rs4760648, rs10783219, rs2228570 and rs731236) in vitamin D-related 

genes failed assay design and were excluded. Therefore, this analysis included one SNP related 

to the GC gene located on chromosome 4, and 20 SNPs related to the VDR gene located on 

chromosome 12. A total of 1,037 cases and 1,050 controls remained after quality control 

procedures and were included in the final vitamin D related gene analysis.  

4.3.3 Statistical Analysis 

 Due to population stratification, geographic ancestry was identified as a potential 

confounder a priori and all analyses were stratified by ethnicity: European; East Asian (primarily 

Chinese, but also Japanese, Korean and Filipino); South Asian; and mixed or other (black, 

Aboriginal, Middle Eastern, Latin American and Southeast Asian). As premenopausal and 

postmenopausal breast cancers are generally regarded as etiologically distinct disease entities, 

analyses were further stratified by menopausal status in supplementary analyses. Relationships 

between individual SNPs and breast cancer risk were investigated using unconditional logistic 

regression in an additive genetic model adjusted for age and centre.  

Polytomous logistic regression was used to assess if breast cancer risk from vitamin D-

related single nucleotide polymorphisms varied by tumour receptor status. Two sets of 

polytomous logistic regression models were generated: one in which cases were stratified by 
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hormone receptor- and HER2-defined subtypes: ER+ and/or PR+/HER2-; ER+ and/or 

PR+/HER2+; ER-/PR-/HER2+; and ER-/PR-/HER2-; and one in which cases were stratified by 

hormone receptor-defined subtypes only: ER+ and/or PR+ and ER-/PR-. Case-case polytomous 

logistic regression analyses were performed to assess for heterogeneity of odds ratios (p-value 

for tumor heterogeneity, pTH) between hormone receptor- and HER2-defined tumour subtypes. 

Case-case logistic regression was used to assess for heterogeneity between hormone receptor-

defined tumour subtypes.   

Household income, education, reproductive history, family history of breast cancer, 

smoking status, pack-years smoking, lifetime alcohol consumption, and oral contraceptive and 

hormone replacement therapy use were assessed as potential confounders using a change-in-

estimate criterion with a cut-off of 10 percent (43). The Benjamini-Hochberg adjustment (44) 

was employed to control the false discovery rate (FDR) across all SNPs (n = 21). False discovery 

rate-adjusted p-values are presented for each SNP, accompanied by unadjusted 95% confidence 

intervals, and SNPs with a corrected p-value of < 0.05 were considered to be statistically 

significantly associated with breast cancer risk. All analyses were conducted using SAS (Version 

9.4, SAS Institute, Cary, NC) and PLINK (45). 

 

4.4 Results 

Selected characteristics of the study participants are provided in Table 4.1. The mean age 

at diagnosis was 57.0 years for cases and 56.5 years for the age frequency matched controls. 

About 69% of participants were of European descent and 23% were of East Asian ethnicity, with 

a greater proportion of East Asians among cases than controls. Post-menopausal women 

constituted 66% of cases and 63% of controls. On average, cases consumed less alcohol across 
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their lifetime than controls (p < 0.0001); were more likely to have lower household income  

(p < 0.0001), older age at first mammogram (p < 0.0001), and a family history of breast cancer 

(p = 0.0003); and, were less likely to have completed postsecondary education (p < 0.0001).  

 Stratified analyses for the European and East Asian subgroups are provided in Table 4.2. 

No SNP was associated with breast cancer risk prior to adjustment for the FDR in either 

subgroup. Results for the South Asian and Mixed/Other ethnicity groups are provided in Table 

C.1. Odds ratios after stratification by menopausal status are presented in Table C.2 for both 

European and East Asian subgroups. After adjusting for the FDR, no association was evident 

between individual SNPs in the VDR or GC genes and breast cancer risk among premenopausal 

or postmenopausal women of European and East Asian ethnicity. 

 Observed associations by tumour receptor status, stratified by ethnicity, are shown in 

Table 4.3 and Table 4.4. Two SNPs in VDR were associated with risk of ER-/PR-/HER2+ breast 

tumours (ncases = 32) among European women, after adjusting for the false discovery rate: 

rs1544410 (OR = 0.38, 95% CI: 0.21 – 0.70, pOR = 0.02) and rs7967152 (OR = 2.80, 95% CI: 

1.62 – 4.85, pOR = 0.005). Tests for tumour heterogeneity were significant for both SNPs prior to, 

but not after, adjustment for the FDR. Associations between polymorphisms in vitamin D related 

genes and ER/PR/HER2-defined breast tumour subtypes were not observed in the East Asian 

subgroup after adjustment for the FDR (Table 4.4). The association between rs10875693 and 

breast tumour subtypes in East Asians could not be determined due to the limited minor allele 

frequency (MAF = 0.01). Variant rs11168292 in VDR was strongly associated with increased 

risk for ER-/PR-/HER2+ breast tumours (ncases = 13, OR = 7.34, 95% CI: 1.87 – 28.74) prior to, 

but not after, FDR adjustment (pOR = 0.09). Estimated effects on breast cancer risk for one SNP 

(rs2239186 in VDR) were in different directions for individual tumour subtypes prior to 
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adjustment for the FDR, although these differences were no longer significant following FDR 

adjustment (pTH = 0.09). 

 After stratifying by menopausal status, among premenopausal European women (n = 

187), rs4328262 in the VDR gene was associated with a decreased risk of ER+ and/or 

PR+/HER2+ breast tumours (ncases = 26, OR = 0.32, 95% CI: 0.16 – 0.63, pOR = 0.02) after false 

discovery rate adjustment. The rs7967152 polymorphism in the VDR gene was associated with 

elevated risk for ER-/PR-/HER2+ breast tumours (OR = 8.33 95% CI: 1.90 – 36.51) prior to, but 

not after, FDR adjustment (pOR = 0.1) (Table C.3). No other association was observed in the 

subgroup analyses, with ER/PR-defined breast tumour subtypes, or after stratifying for 

menopausal status following FDR adjustment, as presented in Tables C.4-C.9. 

 

4.5 Discussion 

 Using data from a population-based case-control study, we did not observe any 

association between polymorphisms in vitamin D-related genes and breast cancer risk among 

European or East Asian women after accounting for multiple comparisons. Menopausal status 

did not modify the observed associations. However, there was evidence of heterogeneity by the 

tumour’s hormone and HER2 receptor status for rs1544410 and rs7967152 in VDR. 

 Although the functional significance of several GC SNPs on circulating 25(OH)D levels 

has been suggested, their relation to breast cancer risk has been inconsistent. The rs7041 

polymorphism, a nonsynonymous substitution in exon 11 of GC, was associated with breast 

cancer risk in a case-control study of Caucasian women using data from the Ontario Women’s 

Diet and Health Study, consisting of 1,560 cases and 1,633 controls (27). However, we found no 

association within our study of European and East Asian women from Ontario and British 
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Columbia. A study of 1,391 postmenopausal breast cancer cases and 1,365 controls also found a 

protective relationship between the Gc2 genotype (rs7041 TT and rs4588 AA) and breast cancer 

risk (26). However, our results are consistent with those of three other studies that did not 

observe an association between the rs7041 polymorphism and breast cancer risk (29,30,46).  

 Potential associations with breast cancer risk were observed among the VDR SNPs, 

although none were significant after adjustment for the false discovery rate. Of the restriction 

fragment length polymorphisms in VDR, only BsmI (rs1544410) was included in our study. BsmI 

is located in intron 8, at the 3’ end of the gene, and, although its functionality is not fully 

understood, it may be implicated in mRNA stability (47). We did not observe associations 

between the BsmI polymorphism and breast cancer risk in either European, or East Asian 

women, which is consistent with two recently published meta-analyses of 17 and 23 studies, 

respectively (31,32). The lack of association between the other SNPs in our study and breast 

cancer risk is predominantly consistent with the literature (38,39,46). One nested case-control 

study observed a decreased risk of breast cancer among homozygous carriers of the minor allele 

of rs11168287 among White women (38). However, two studies did not replicate this finding in 

White women (46), and European Americans and African Americans (39). The rs2239186 

polymorphism was associated with elevated levels of serum 25(OH)D and decreased breast 

cancer risk among African Americans, although this association was not observed among 

European Americans (39).  

 Our results are suggestive of modification of the relationship between VDR SNPs and 

breast cancer risk by tumour receptor status for two polymorphisms, rs1544410 (BsmI, pTH = 

0.18) and rs7967152 (pTH = 0.1), although these results should be interpreted with caution due to 

small numbers in breast tumour subgroups. Among European women, these SNPs were 
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associated with ER-/PR-/HER2+ breast tumours, but not with other breast tumour subtypes, and 

the magnitude of the effect did not vary by menopausal status. No difference was observed 

between ER and PR status, suggesting that HER2 status should be considered.  In general, 

evidence of modification of breast cancer risk by hormone receptor status for VDR SNPs has 

been limited (38,39,46,48,49). ER, PR and HER2-defined breast tumour subtypes are likely 

etiologically distinct diseases, with different risk factors and prognostic outcomes (50,51). 

However, very few studies have examined the vitamin D pathway within the context of these 

subtypes. One study suggests that the inverse relationship between vitamin D intake and breast 

cancer risk may vary by tumour subtype, and observed a significant protective effect against 

ER+ and/or PR+/HER2- tumour development in premenopausal women (52). Another study 

found that there was no association between the BsmI polymorphism and ER, PR and HER2 

status (53), although the small sample size of this study may explain the discordant results 

between that study and ours.  

 Although the functionality of these vitamin D SNPs is unknown, potential modification 

of the relationship between SNPs of the vitamin D pathway and breast cancer risk by tumour 

subtype is biologically plausible given the putative anti-tumorigenic effects of vitamin D. 

Vitamin D has been proposed to down-regulate estrogen signalling pathways and one study 

found that women with increased serum levels of 25(OH)D had reduced levels of progesterone 

and estradiol (54). Vitamin D has also been suggested to suppress the expression of 

cyclooxygenase-2 (8), a catalytic enzyme for prostaglandin synthesis whose overexpression has 

been implicated in elevated expression of the HER2/neu oncogene (55).  

 Limitations of our work include limited statistical power in smaller subgroups, making 

our analysis prone to spurious associations as well as false negatives. In addition, there were too 
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few non-European and non-East Asian women, resulting in an inability to fully examine 

associations by ethnicity.  Although cases and controls exhibited some differences in 

characteristics such as household income, age at first mammogram and education, there is no 

reason to suspect that these characteristics are related to vitamin D-related SNP genotypes and 

when these were tested, as expected, they did not confound the associations between the SNPs 

and breast cancer risk.   

 In conclusion, our population-based study provided limited evidence of an association 

between genetic variations in vitamin D-related genes and breast cancer risk among 

premenopausal or postmenopausal women of European and East Asian descent. However breast 

cancer is recognized to encompass various subtypes with different biology and to be influenced 

variably by many risk factors. We identified heterogeneity in subtype-specific associations for 

several VDR SNPs, supporting a putative role of vitamin D in the development of some breast 

cancers.    
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4.8 Tables and Figures 

Table 4.1 Selected characteristics of study participants 

 Cases (n = 1037) Controls (n = 1050) 
p-valuea 

 Mean (SD) / N (%) Mean (SD) / N (%) 

Age 57.0 (10.3) 56.5 (10.1) 0.3 

Body Mass Index 25.6 (5.4) 25.0 (4.7) 0.01 

Ethnicity       

      European 641 (61.8%) 806 (76.8%) < 0.0001 

      East Asian 305 (29.4%) 168 (16.0%)  

      South Asian 31  (3.0%) 31 (2.9%)  

      Mixed/Other 60  (5.8%) 45 (4.3%)  

Household Income       

      <$30,000 181  (17.5%) 104 (9.9%) < 0.0001 

      $30,000-$59,999 255  (24.6%) 230 (21.9%)  

      $60,000-$99,999 229  (22.1%) 262 (25.0%)  

      >$100,000 221  (21.3%) 310 (29.5%)  

      Not Stated 151  (14.6%) 144 (13.7%)  

Education       

      High school or less 353  (34.3%) 259 (24.7%) < 0.0001 

      College/trade certificate 312  (30.3%) 310 (29.6%)  

      Undergraduate degree 244  (23.7%) 271 (25.9%)  

      Graduate/Professional degree 121  (11.7%) 207 (19.8%)  

Menopausal Status       

      Pre-menopausal 351  (33.9%) 391 (37.2%) 0.1 

      Post-menopausal 684  (66.1%) 659 (62.8%)  

Reproductive History      

      Age at Menarche 12.9  (1.6) 12.8 (1.5) 0.6 

      Ever been Pregnant 856  (82.8%) 825 (78.7%) 0.02 

      Age at First Birth 27.8  (5.4) 27.7 (5.3) 0.7 

      Number of Pregnancies 2.3  (1.7) 2.2 (1.7) 0.5 

      Age at First Mammogram 44.5  (8.6) 42.7 (7.4) < 0.0001 

Family History of Breast Cancer 204  (19.7%) 145 (13.8%) 0.0003 

Smoking Status 66  (6.4%) 62 (5.9%) 0.6 

Pack-Years Smoking 5.7  (12.3) 5.1 (10.9) 0.7 

Lifetime Alcohol Consumption (# Drinks/Week) 
      Teen 1.1  (3.7) 1.6 (4.0) < 0.0001 

      20s 2.6  (5.5) 3.9 (8.1) < 0.0001 

      30s 2.9  (6.1) 3.5 (5.4) < 0.0001 

      40s 3.2  (6.1) 3.7 (5.6) < 0.0001 

      50s 2.8  (4.9) 3.8 (6.2) < 0.0001 

      Last 2 Years 2.1  (4.5) 2.9 (5.0) < 0.0001 

Medication Use       

      Oral Contraceptive 570  (55.0%) 695 (66.2%) < 0.0001 

      Hormone Replacement Therapy 327  (31.7%) 351 (33.5%) 0.4 

 

a Calculated using T-tests and Wilcoxon Rank Sum tests for continuous variables and Chi-Square tests for 

categorical variables
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Table 4.2 Minor allele frequencies, and age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes 

and breast cancer risk 

Gene SNP 
Major 

Allele 

Minor 

Allele 

European 

(641 cases, 806 controls) 

East Asian 

(305 cases, 168 controls) 

Minor Allele 

Frequency 

(Controls) 

OR (95% CI) p-valuea 

Minor Allele 

Frequency 

(Controls) 

OR (95% CI) p-valuea 

GC rs7041 C A 0.45 0.95   (0.82, 1.10) 0.98 0.67 1.20   (0.90, 1.59) 0.92 

VDR rs757343 G A 0.13 0.93   (0.73, 1.15) 0.98 0.21 1.20   (0.86, 1.67) 0.92 

VDR rs1544410 G A 0.41 0.97   (0.83, 1.13) 0.98 0.09 0.64   (0.38, 1.07) 0.92 

VDR rs7967152 C A 0.46 1.09   (0.94, 1.26) 0.98 0.69 1.04   (0.77, 1.39) 0.99 

VDR rs2239182 G A 0.48 1.05   (0.90, 1.23) 0.98 0.66 1.15   (0.87, 1.51) 0.92 

VDR rs2107301 G A 0.28 0.96   (0.81, 1.13) 0.98 0.62 1.11   (0.84, 1.45) 0.92 

VDR rs12717991 G A 0.38 1.00   (0.86, 1.16) 0.98 0.65 1.05   (0.80, 1.38) 0.99 

VDR rs12721370 C A 0.10 1.04   (0.82, 1.33) 0.98 0.18 1.12   (0.79, 1.59) 0.92 

VDR rs886441 A G 0.21 1.01   (0.84, 1.21) 0.98 0.04 0.97   (0.50, 1.90) 0.99 

VDR rs3819545 A G 0.36 1.12   (0.96, 1.31) 0.98 0.66 1.00   (0.76, 1.32) 0.99 

VDR rs2239186 A G 0.20 1.01   (0.84, 1.21) 0.98 0.42 0.99   (0.76, 1.29) 0.99 

VDR rs10875693 T A 0.35 1.01   (0.86, 1.18) 0.98 0.01 0.75   (0.17, 3.39) 0.99 

VDR rs11168275 A G 0.24 0.99   (0.83, 1.18) 0.98 0.53 1.10   (0.85, 1.43) 0.92 

VDR rs2254210 G A 0.36 1.04   (0.89, 1.21) 0.98 0.28 0.90   (0.67, 1.21) 0.92 

VDR rs2238136 G A 0.26 1.13   (0.96, 1.33) 0.98 0.17 1.24   (0.89, 1.74) 0.92 

VDR rs2853564 A G 0.40 0.96   (0.82, 1.11) 0.98 0.35 0.99   (0.74, 1.31) 0.99 

VDR rs11168287 A G 0.50 0.99   (0.85, 1.14) 0.98 0.57 1.09   (0.84, 1.43) 0.92 

VDR rs4328262 A C 0.41 0.97   (0.84, 1.12) 0.98 0.40 1.17   (0.89, 1.54) 0.92 

VDR rs7302235 A G 0.27 0.93   (0.78, 1.10) 0.98 0.45 1.01   (0.78, 1.32) 0.99 

VDR rs11168292 G C 0.34 1.00   (0.86, 1.16) 0.98 0.03 1.39   (0.62, 3.10) 0.92 

VDR rs11568820 G A 0.21 0.95   (0.79, 1.15) 0.98 0.47 0.96   (0.74, 1.25) 0.99 

a False discovery rate-adjusted p-value  
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Table 4.3 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and ER/PR/HER2-defined 

breast tumour subtypes among European women 

Gene SNP 

ER+ and/or PR+/HER2+ 

(n = 74) 

ER+ and/or PR+/HER2- 

(n = 404) 

ER-/PR-/HER2+ 

(n = 32) 

ER-/PR-/HER2- 

(n = 111) pTH
b 

OR (95% CI) pOR
a OR (95% CI) pOR

a OR (95% CI) pOR
a OR (95% CI) pOR

a 

GC rs7041 0.94   (0.67, 1.32) 0.98 0.91   (0.76, 1.08) 0.89 0.83   (0.50, 1.38) 0.67 1.09   (0.82, 1.45) 0.90 0.74 

VDR rs757343 0.94   (0.56, 1.57) 0.98 0.96   (0.74, 1.25) 0.89 0.46   (0.17, 1.30) 0.31 0.81   (0.51, 1.29) 0.90 0.74 

VDR rs1544410 1.00   (0.71, 1.42) 0.99 1.00   (0.84, 1.20) 0.99 0.38   (0.21, 0.70) 0.02 1.11   (0.83, 1.49) 0.90 0.18 

VDR rs7967152 1.05   (0.75, 1.47) 0.98 1.03   (0.87, 1.22) 0.89 2.80   (1.62, 4.85) < 0.01 1.00   (0.76, 1.33) 0.99 0.10 

VDR rs2239182 1.01   (0.71, 1.44) 0.99 1.04   (0.87, 1.24) 0.89 1.63   (0.96, 2.77) 0.26 0.96   (0.71, 1.28) 0.90 0.74 

VDR rs2107301 1.07   (0.74, 1.55) 0.98 0.89   (0.74, 1.09) 0.89 1.10   (0.64, 1.90) 0.81 1.08   (0.80, 1.47) 0.90 0.74 

VDR rs12717991 0.90   (0.63, 1.27) 0.98 0.97   (0.82, 1.16) 0.89 1.20   (0.73, 1.99) 0.67 1.04   (0.78, 1.39) 0.90 0.81 

VDR rs12721370 0.88   (0.49, 1.58) 0.98 1.15   (0.88, 1.51) 0.89 0.97   (0.42, 2.25) 0.95 0.93   (0.58, 1.51) 0.90 0.79 

VDR rs886441 1.21   (0.81, 1.80) 0.98 1.03   (0.83, 1.27) 0.89 1.07   (0.58, 1.97) 0.86 0.79   (0.54, 1.14) 0.90 0.74 

VDR rs3819545 0.97   (0.68, 1.38) 0.98 1.08   (0.91, 1.30) 0.89 1.47   (0.88, 2.46) 0.31 1.15   (0.86, 1.55) 0.90 0.74 

VDR rs2239186 1.08   (0.72, 1.64) 0.98 0.88   (0.70, 1.09) 0.89 1.98   (1.15, 3.43) 0.10 1.13   (0.80, 1.59) 0.90 0.26 

VDR rs10875693 1.15   (0.80, 1.65) 0.98 1.11   (0.92, 1.33) 0.89 0.55   (0.30, 1.00) 0.26 0.85   (0.62, 1.16) 0.90 0.31 

VDR rs11168275 1.03   (0.69, 1.53) 0.98 0.92   (0.75, 1.13) 0.89 1.34   (0.77, 2.33) 0.54 1.06   (0.76, 1.47) 0.90 0.74 

VDR rs2254210 1.28   (0.91, 1.79) 0.98 1.04   (0.87, 1.24) 0.89 1.14   (0.69, 1.91) 0.80 0.89   (0.66, 1.20) 0.90 0.74 

VDR rs2238136 0.87   (0.59, 1.29) 0.98 1.10   (0.91, 1.32) 0.89 1.49   (0.89, 2.50) 0.31 1.29   (0.96, 1.74) 0.90 0.74 

VDR rs2853564 1.23   (0.87, 1.72) 0.98 0.97   (0.82, 1.16) 0.89 1.09   (0.66, 1.82) 0.81 0.72   (0.53, 0.97) 0.64 0.38 

VDR rs11168287 0.83   (0.60, 1.17) 0.98 0.94   (0.79, 1.11) 0.89 1.36   (0.82, 2.25) 0.44 1.15   (0.87, 1.52) 0.90 0.68 

VDR rs4328262 0.73   (0.51, 1.04) 0.98 0.97   (0.81, 1.15) 0.89 1.57   (0.96, 2.59) 0.26 1.03   (0.78, 1.36) 0.90 0.38 

VDR rs7302235 0.92   (0.62, 1.36) 0.98 1.00   (0.82, 1.21) 0.99 0.62   (0.32, 1.17) 0.31 0.86   (0.62, 1.20) 0.90 0.74 

VDR rs11168292 1.24   (0.89, 1.73) 0.98 0.96   (0.80, 1.14) 0.89 0.89   (0.52, 1.51) 0.81 0.97   (0.73, 1.30) 0.90 0.74 

VDR rs11568820 1.09   (0.72, 1.64) 0.98 0.94   (0.76, 1.17) 0.89 0.77   (0.40, 1.51) 0.67 0.90   (0.63, 1.29) 0.90 0.82 

a False discovery rate-adjusted p-value for odds ratio comparing tumour subtype to control 
b False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis  
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Table 4.4 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and ER/PR/HER2-defined 

breast tumour subtypes among East Asian women 

Gene SNP 

ER+ and/or PR+/HER2+ 

(n = 36) 

ER+ and/or PR+/HER2- 

(n = 187) 

ER-/PR-/HER2+ 

(n = 13) 

ER-/PR-/HER2- 

(n = 54) pTH
b 

OR (95% CI) pOR
a OR (95% CI) pOR

a OR (95% CI) pOR
a OR (95% CI) pOR

a 

GC rs7041 1.05   (0.61, 1.80) 0.99 1.21   (0.88, 1.67) 0.90 0.92   (0.40, 2.12) 0.97 1.22   (0.76, 1.96) 0.99 0.97 

VDR rs757343 1.05   (0.56, 1.98) 0.99 1.22   (0.85, 1.75) 0.90 1.16   (0.43, 3.10) 0.97 1.29   (0.77, 2.17) 0.99 0.97 

VDR rs1544410 0.62   (0.21, 1.83) 0.72 0.63   (0.35, 1.12) 0.90 0.44   (0.06, 3.37) 0.76 0.73   (0.31, 1.72) 0.99 0.97 

VDR rs7967152 1.25   (0.70, 2.24) 0.72 1.03   (0.75, 1.42) 0.95 1.16   (0.47, 2.87) 0.97 0.90   (0.56, 1.44) 0.99 0.97 

VDR rs2239182 1.88   (1.04, 3.40) 0.19 1.12   (0.83, 1.51) 0.90 0.96   (0.43, 2.17) 0.97 0.96   (0.62, 1.49) 0.99 0.40 

VDR rs2107301 1.68   (0.96, 2.94) 0.24 1.14   (0.85, 1.54) 0.90 0.70   (0.32, 1.55) 0.76 0.84   (0.55, 1.29) 0.99 0.40 

VDR rs12717991 1.62   (0.91, 2.86) 0.30 1.07   (0.79, 1.45) 0.95 0.62   (0.28, 1.37) 0.74 0.81   (0.52, 1.25) 0.99 0.40 

VDR rs12721370 0.62   (0.29, 1.33) 0.49 1.17   (0.80, 1.72) 0.90 1.09   (0.38, 3.11) 0.97 1.43   (0.83, 2.45) 0.99 0.40 

VDR rs886441 1.36   (0.43, 4.25) 0.84 0.75   (0.34, 1.65) 0.90 3.43   (0.87, 13.58) 0.44 1.33   (0.50, 3.54) 0.99 0.40 

VDR rs3819545 1.76   (0.97, 3.21) 0.24 1.01   (0.74, 1.38) 0.96 0.59   (0.26, 1.31) 0.74 0.80   (0.51, 1.25) 0.99 0.40 

VDR rs2239186 1.96   (1.18, 3.26) 0.19 0.95   (0.71, 1.28) 0.95 0.70   (0.30, 1.60) 0.76 0.67   (0.43, 1.05) 0.99 0.09 

VDR rs10875693 N/A N/A 1.23   (0.27, 5.60) 0.95 N/A N/A N/A N/A N/A 

VDR rs11168275 1.23   (0.74, 2.05) 0.72 1.10   (0.82, 1.47) 0.90 0.84   (0.37, 1.90) 0.97 1.07   (0.70, 1.64) 0.99 0.97 

VDR rs2254210 0.98   (0.56, 1.71) 0.99 0.99   (0.72, 1.37) 0.96 0.34   (0.10, 1.15) 0.44 0.73   (0.44, 1.21) 0.99 0.40 

VDR rs2238136 1.94   (1.10, 3.42) 0.19 1.22   (0.84, 1.77) 0.90 1.70   (0.69, 4.15) 0.74 1.05   (0.60, 1.83) 0.99 0.40 

VDR rs2853564 0.97   (0.56, 1.67) 0.99 1.07   (0.78, 1.46) 0.95 0.31   (0.10, 0.95) 0.42 0.91   (0.57, 1.45) 0.99 0.40 

VDR rs11168287 1.21   (0.72, 2.03) 0.72 0.97   (0.72, 1.30) 0.95 1.06   (0.47, 2.40) 0.97 1.41   (0.90, 2.20) 0.99 0.50 

VDR rs4328262 1.80   (1.07, 3.02) 0.19 1.13   (0.83, 1.52) 0.90 1.55   (0.69, 3.47) 0.76 0.92   (0.59, 1.44) 0.99 0.40 

VDR rs7302235 0.73   (0.43, 1.23) 0.49 1.17   (0.87, 1.57) 0.90 0.75   (0.33, 1.72) 0.81 1.01   (0.65, 1.55) 0.99 0.40 

VDR rs11168292 1.04   (0.21, 5.02) 0.99 1.23   (0.50, 2.99) 0.95 7.34   (1.87, 28.74) 0.09 0.69   (0.14, 3.29) 0.99 0.31 

VDR rs11568820 0.69   (0.41, 1.16) 0.42 1.10   (0.83, 1.48) 0.90 0.71   (0.31, 1.61) 0.76 0.99   (0.64, 1.51) 0.99 0.40 

a False discovery rate-adjusted p-value for odds ratio comparing tumour subtype to control 
b False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis  
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Figure 4.1 Inclusion of study participants  

BC Cancer Registry 

ncases = 1001 
 

Screening 

Mammographic 

Program of BC 

ncontrols = 1014 

Hotel Dieu Breast 

Assessment 

Program 

ncases = 131 

ncontrols = 163 

Canadian Breast Cancer Study 

               ncases  = 1,132 

ncontrols  = 1,177 

Excluded: missing genetic data (n = 183) 

Excluded: failed quality control 

 Call rate <95% (n = 14) 

 Identical genotypes (n = 6) 

 Gender discrepancy (n = 1) 

 Excess heterozygosity (n = 4) 

 Predicted/reported ethnicity discrepancy 

(n = 5) 

 Relatives (one per pair, n = 9) 

 

Excluded: incomplete questionnaire data 

 Missing age (n = 1) 

 Missing ethnicity (n = 1) 

Included in SNP and 

breast cancer analyses 

            ncases  = 1,037 

         ncontrols  = 1,050 

Excluded: missing tumour pathology data 

(n = 40) 

Included in SNP and 

tumour subtype analyses 

            ncases  = 997 

         ncontrols  = 1,050 

British Columbia Ontario 

Stratification by ethnicity: 

 European  

(ncases = 641, ncontrols = 806) 

 East Asian  

(ncases = 305, ncontrols = 168) 

 

Stratification by ethnicity: 

 European  

(ncases = 621, ncontrols = 806) 

 East Asian  

(ncases = 290, ncontrols = 168) 
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Chapter 5: Additional Results 

This chapter contains additional results not presented within the manuscript in Chapter 4. 

These results were included to address thesis objectives that were too detailed for inclusion 

within the manuscript.   

 

5.1 Descriptive Statistics 

 Descriptive analyses were also stratified by ethnicity to compare select characteristics 

between cases and controls among European and East Asian study participants (Table 5.1). 

Among Europeans, differences between cases and controls were similar to those observed in the 

whole study population: cases had, on average, higher body mass index (BMI); lower household 

income; lower education levels; higher proportion of parous women; older age at first 

mammogram; greater proportion of women with a family history of breast cancer; and lower 

lifetime alcohol consumption compared to controls. In addition, mean age of cases at diagnosis 

(58.5 ± 10.3 years) was greater than mean age of controls at study entry (57.3 ± 10.2 years), and 

on average, cases had higher pack-years of smoking compared to controls. There were fewer 

differences between East Asian cases and controls. On average, cases were of older age at first 

birth and at first mammogram; had lower levels of lifetime alcohol consumption; and were less 

likely to have used oral contraceptives compared to controls.  

 Additional descriptive statistics were generated to compare characteristics of the 

European study population between controls and breast tumour subtypes, as defined by estrogen 

receptor (ER), progesterone receptor (PR) and human epidermal receptor 2 (HER2) status (Table 

5.2). The differences observed between controls and all cases were similar to those observed 

between controls and breast tumour subtypes: on average, controls had   
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Table 5.1 Selected characteristics of European and East Asian study participants 

 Europeans  East Asians 

 Cases  

(n = 641) 

Controls 

(n = 806) 
p-valuea 

 Cases 

(n = 305) 

Controls 

(n = 168) 
p-valuea 

 Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

 Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Age 58.5 (10.3) 57.3 (10.2) 0.05  54.8 (10.0) 54.1 (9.8) 0.5 

Body Mass Index 26.4 (5.6) 25.3 4.9 < 0.0001  23.3 (4.4) 23.1 (3.0) 0.9 

Household Income     0.0002      0.08 

      <$30,000 84 (13.1%) 55 (6.8%)   78 (25.6%) 40 (23.8%)  

      $30,000-$59,999 154 (24.0%) 171 (21.2%)   77 (25.3%) 37 (22.0%)  

      $60,000-$99,999 162 (25.3%) 211 (26.2%)   50 (16.4%) 37 (22.0%)  

      >$100,000 166 (25.9%) 263 (32.6%)   39 (12.8%) 32 (19.1%)  

      Not Stated 75 (11.7%) 106 (13.2%)   61 (20.0%) 22 (13.1%)  

Education     < 0.0001      0.1 

      High school or less 209 (32.7%) 199 (24.8%)   110 (36.4%) 43 (25.8%)  

      College/trade certificate 209 (32.7%) 199 (24.8%)   80 (26.5%) 54 (32.3%)  

      Undergraduate degree 128 (20.0%) 190 (23.6%)   91 (30.1%) 59 (35.3%)  

      Graduate/professional  

      degree 

94 (14.7%) 180 (22.4%)   21 (7.0%) 11 (6.6%)  

Menopausal Status     0.06      0.3 

      Pre-menopausal 189 (29.6%) 275 (34.1%)   127 (41.6%) 79 (47.0%)  

      Post-menopausal 451 (70.4%) 531 (65.9%)   178 (58.4%) 89 (53.0%)  

Reproductive History            

      Age at menarche 12.7 (1.4) 12.8 (1.5) 0.4  13.2 (1.8) 12.9 (1.6) 0.1 

      Ever been pregnant 525 (82.3%) 628 (78.0%) 0.04  255 (83.6%) 137 (81.6%) 0.6 

      Age at first birth 27.2 (5.5) 27.5 (5.4) 0.5  29.5 (4.6) 28.4 (4.5) 0.03 

      Number of pregnancies 2.2 (1.6) 2.2 (1.7) 0.6  2.2 (1.6) 2.5 (1.8) 0.2 

      Age at first mammogram 43.7 (8.5) 42.5 (7.5) 0.03  46.5 (8.9) 44.5 (6.9) 0.009 

Family History of Breast 

Cancer 
150 (23.4%) 122 (15.1%) < 0.0001 

 
41 (13.4%) 13 (7.7%) 0.06 

Smoking Status 58 (9.1%) 54 (6.7%) 0.1  4 (1.3%) 2 (1.2%) 0.9 

Pack-Years Smoking 8.3 (14.4) 6.3 (12.0) 0.006  0.9 (3.9) 0.7 (2.6) 0.4 

Lifetime Alcohol 

Consumption  

(# Drinks/Week) 

           

      Teen 1.6 (4.5) 2.0 (4.4) 0.0003  0.1 (0.6) 0.4 (1.8) < 0.0001 

      20s 3.8 (6.4) 4.7 (9.0) 0.02  0.4 (1.4) 1.0 (3.2) < 0.0001 

      30s 4.4 (7.2) 4.3 (5.8) 0.5  0.4 (1.3) 0.9 (2.5) < 0.0001 

      40s 4.7 (7.2) 4.5 (6.0) 0.6  0.4 (1.2) 0.7 (2.0) < 0.0001 

      50s 4.3 (5.6) 4.7 (6.7) 0.2  0.3 (1.0) 0.4 (1.2) 0.02 

      Last 2 Years 3.8 (5.5) 3.9 (5.6) 0.3  0.1 (0.7) 0.3 (1.1) 0.001 

Medication Use            

      Oral contraceptive 440 (68.6%) 590 (73.2%) 0.06  87 (28.5%) 71 (42.3%) 0.002 

      Hormone replacement 

      therapy 

239 (39.2%) 298 (37.1%) 0.4  60 (19.7%) 39 (23.2%) 0.4 

a Calculated using T-tests or Wilcoxon Rank Sum tests for continuous variables and Chi-Square tests or Fisher’s 

exact test for categorical variables  
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Table 5.2 Selected characteristics of European study participants, between controls and breast tumour 

subtype cases 

 

ER+ and/or 

PR+/HER2

+  

(n = 74) 

ER+ and/or 

PR+/HER2- 

(n = 404) 

ER-/PR-

/HER2+ 

(n = 32) 

ER-/PR-

/HER2- 

(n = 806) 

Controls  

(n = 806) 
pCC

a,b pTH
a,c 

 
Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Age 55.7 (9.4) 58.8 (10.3) 58.0 (9.5) 58.0 (10.7) 57.3 (10.2) 0.09 0.1 

Body Mass Index 26.1 (5.7) 26.5 (5.7) 27.9 (4.6) 26.1 (5.7) 25.3 (4.9) 0.0002 0.1 

Household Income           0.04 0.9 

      <$30,000 7 (9.5%) 56 (13.9%) 6 (18.8%) 10 (9.0%) 55 (6.8%)   

      $30,000-$59,999 18 (24.3%) 92 (22.8%) 7 (21.9%) 31 (27.9%) 171 (21.2%)   

      $60,000-$99,999 17 (23.0%) 105 (26.0%) 7 (21.9%) 31 (27.9%) 211 (26.2%)   

      >$100,000 24 (32.4%) 105 (26.0%) 9 (28.1%) 25 (22.5%) 263 (32.6%)   

      Not Stated 8 (10.8%) 46 (11.4%) 3 (9.4%) 14 (12.6%) 106 (13.2%)   

Education           0.02 0.9 

      High school or less 21 (28.4%) 128 (31.7%) 11 (34.4%) 37 (33.6%) 199 (24.8%)   

      College/trade certificate 27 (36.5%) 126 (31.2%) 13 (40.6%) 39 (35.5%) 235 (29.2%)   

      Undergraduate degree 13 (17.6%) 88 (21.8%) 4 (12.5%) 20 (18.2%) 190 (23.6%)   

      Graduate/professional 

degree 

13 

(17.6%) 

62 (15.4%) 
4 (12.5%) 14 (12.7%) 180 (22.4%) 

  

Menopausal Status           0.5 0.8 

      Pre-menopausal 26 (35.1%) 118 (29.3%) 9 (28.1%) 34 (30.6%) 275 (34.1%)   

      Post-menopausal 48 (64.9%) 285 (70.7%) 23 (71.9%) 77 (69.4%) 531 (65.9%)   

Reproductive History             

      Age at menarche 12.6 (1.4) 12.7 (1.4) 13.1 (1.2) 12.8 (1.4) 12.8 (1.5) 0.4 0.4 

      Ever been pregnant 62 (83.8%) 328 (81.4%) 28 (87.5%) 90 (82.6%) 628 (78.0%) 0.3 0.8 

      Age at first birth 27.4 (6.3) 27.3 (5.5) 27.4 (4.9) 27.0 (5.7) 27.5 (5.4) 0.9 0.9 

      Number of pregnancies 2.3 (1.7) 2.1 (1.5) 2.3 (1.7) 2.3 (1.8) 2.2 (1.7) 0.9 0.9 

      Age at first mammogram 42.6 (7.9) 44.0 (8.4) 43.9 (7.5) 42.4 (8.6) 42.5 (7.5) 0.06 0.2 

Family History of Breast 

Cancer 
19 (25.7%) 83 (20.5%) 12 (37.5%) 31 (27.9%) 122 (15.1%) < 0.0001 0.08 

Smoking Status 3 (4.1%) 42 (10.4%) 1 (3.1%) 9 (8.1%) 54 (6.7%) 0.1 0.2 

Pack-Years Smoking 7.7 (14.8) 7.6 (12.9) 10.4 (14.5) 9.4 (17.3) 6.3 (12.0) 0.08 0.5 

Lifetime Alcohol Consumption  

(# Drinks/Week) 

 

 

  
      

  

      Teen 1.9 (3.7) 1.8 (5.2) 1.2 (2.9) 0.9 (2.1) 2.0 (4.4) 0.0009 0.2 

      20s 4.0 (5.6) 4.0 (7.2) 3.8 (3.8) 3.5 (4.6) 4.7 (9.0) 0.2 0.7 

      30s 4.4 (6.2) 4.6 (7.7) 5.5 (5.9) 3.6 (6.5) 4.3 (5.8) 0.2 0.1 

      40s 4.3 (5.4) 5.2 (8.3) 5.1 (4.5) 3.3 (4.2) 4.5 (6.0) 0.2 0.1 

      50s 4.4 (6.2) 4.5 (5.9) 5.7 (4.8) 2.7 (3.9) 4.7 (6.7) 0.007 0.008 

      Last 2 Years 3.9 (5.5) 3.8 (5.7) 7.1 (5.5) 2.5 (4.0) 3.9 (5.6) 0.02 0.04 

Medication Use             

      Oral contraceptive 53 (71.6%) 276 (68.3%) 26 (81.3%) 77 (69.4%) 590 (73.2%) 0.3 0.5 

      Hormone replacement 

      therapy 29 (39.2%) 153 (38.2%) 15 (46.9%) 41 (37.6%) 298 (37.1%) 0.8 0.8 

a Calculated using one-way ANOVA or Kruskal-Wallis tests for continuous variables and Chi-Square tests or Fisher’s exact tests for 

categorical variables 
b p-value to compare characteristics between controls and tumour subtypes 
c p-value to compare characteristics between tumour subtypes 
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lower BMI; attained higher levels of education; had higher household income; were of younger 

age at first mammogram; and were less likely to have a family history of breast cancer. Tumour 

heterogeneity was observed only for alcohol consumption, in which average life alcohol 

consumption was lowest among women with ER-/PR-/HER2- breast tumours. Descriptive 

statistics to compare controls and breast tumour subtypes among the overall population and East 

Asian women are presented in Table C.10 and Table C.11 of the Appendix.  

Results of descriptive analyses conducted to compare controls and breast tumour 

subtypes, as defined by ER and PR status only, among the whole study population, and among 

Europeans and East Asians, are provided in Tables C.12-C.14. Differences between controls and 

breast tumour subtypes were similar to those observed in comparisons between controls and all 

cases, and heterogeneity between ER+ and/or PR+ and ER-/PR- tumour subtypes was similar to 

those observed for tumour subtypes as defined by ER, PR and HER2 status. 

  

5.2 Distribution of Genetic Variation 

 To characterize the distribution of genetic variation in vitamin D receptor genes, 

frequency tables were generated, specifying the number of individuals who were major allele 

homozygous, heterozygous and minor allele homozygous for each SNP (Table 5.3). Among 

European women, differences in the distribution of genetic variation were significant for one 

SNP of the VDR gene: cases were more likely to carry the G allele at the rs3819545 

polymorphism than controls. Differences were not observed among the East Asian women for 

any of the SNPs. Frequency tables for South Asian and mixed/other subgroups are presented in 

Table C.15. In addition, minor allele frequencies (MAFs) were calculated for the 21 SNPs of 

interest by ethnicity among cases and controls (Table 5.4). Among both European and Asian 
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subgroups, the MAFs were fairly similar between cases and controls for all SNPs. As the minor 

allele for each SNP was defined using the distribution of genotypes among European controls, 

some MAFs were greater than 0.5, especially in the East Asian subgroup. Specifically among 

East Asians, 1 SNP in GC (rs7041) and 7 SNPs in VDR (rs7967152, rs2239182, rs2107301, 

rs12717991, rs3819545, rs11168275 and rs11168287) were found to have a MAF greater than 

0.5, indicating that the assigned minor and major alleles identified from the European control 

group is reversed among East Asians. The MAFs were fairly different between the Europeans 

and East Asians. Three SNPs in VDR (rs886441, rs10875693 and rs11168292) had very low 

MAFs (<5%) within the East Asian subgroup, although were much higher among Europeans 

(MAFs of 0.2 to 0.35).  

 For some SNPs, the MAFs varied greatly between cases and controls among the South 

Asian and mixed/other subgroups. For the rs757343 polymorphism in VDR, the MAF in controls 

(MAF = 0.11) was over double of that for cases (MAF = 0.05) in the South Asian subgroup, 

though in the mixed/other subgroup, MAF of controls (MAF = 0.26) was over half of that for 

cases (MAF = 0.10). For rs12721370 in VDR, the MAF was over two times greater among cases 

than controls in both of the South Asian and mixed/other subgroups. 

 

5.3 Confounders of Vitamin D-Related SNPs and Breast Cancer Risk 

 Assessment of confounders was conducted for the rs7041 polymorphism of the GC gene 

and the rs3819545 polymorphism of the VDR gene. Using a backward elimination and change-

in-estimate approach, no empirical confounders were identified for rs7041 or rs3819545 and 

breast cancer risk in the European or East Asian subgroups. The most parsimonious models 
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Table 5.3 Frequency distribution of SNPs among European and East Asian cases and controls 

 
 

European 
 

East Asians 

  Case Controls p-valuea  Case Control p-valuea 

rs7041 

C C 204 (31.8%) 238 (29.5%) 

0.59 

 24 (7.9%) 21 (12.5%) 

0.26 C A 311 (48.5%) 411 (51.0%)  130 (42.6%) 69 (41.1%) 

A A 126 (19.7%) 157 (19.5%)  151 (49.5%) 78 (46.4%) 

rs757343  

G G 504 (78.6%) 611 (75.8%) 

0.20 

 171 (56.1%) 101 (60.1%) 

0.44 G A 127 (19.8%) 187 (23.2%)  118 (38.7%) 62 (36.9%) 

A A 10 (1.6%) 8 (1.0%)  16 (5.2%) 5 (3.0%) 

rs1544410  

G G 221 (34.5%) 267 (33.1%) 

0.86 

 270 (88.5%) 141 (83.9%) 

0.08 G A 321 (50.1%) 413 (51.2%)  35 (11.5%) 25 (14.9%) 

A A 99 (15.4%) 126 (15.6%)  0 (0.0%) 2 (1.2%) 

rs7967152  

C C 174 (27.1%) 239 (29.7%) 

0.47 

 25 (8.2%) 17 (10.1%) 

0.73 C A 319 (49.8%) 398 (49.4%)  135 (44.3%) 70 (41.7%) 

A A 148 (23.1%) 169 (21.0%)  145 (47.5%) 81 (48.2%) 

rs2239182 

G G 150 (23.4%) 196 (24.3%) 

0.80 

 36 (11.8%) 22 (13.1%) 

0.56 G A 347 (54.1%) 440 (54.6%)  117 (38.4%) 71 (42.3%) 

A A 144 (22.5%) 170 (21.1%)  152 (49.8%) 75 (44.6%) 

rs2107301 

G G  347 (54.1%) 422 (52.4%) 

0.77 

 44 (14.4%) 25 (14.9%) 

0.65 G A 245 (38.2%) 323 (40.1%)  130 (42.6%) 78 (46.4%) 

A A 49 (7.6%) 61 (7.6%)  131 (43.0%) 65 (38.7%) 

rs12717991 

G G  259 (40.4%) 308 (38.2%) 

0.23 

 41 (13.4%) 21 (12.5%) 

0.72 G A 281 (43.8%) 388 (48.1%)  128 (42.0%) 77 (45.8%) 

A A 101 (15.8%) 110 (13.6%)  136 (44.6%) 70 (41.7%) 

rs12721370 

C C 523 (81.6%) 659 (81.8%) 

0.87 

 191 (62.6%) 111 (66.1%) 

0.74 C A 108 (16.8%) 137 (17.0%)  105 (34.4%) 52 (31.0%) 

A A 10 (1.6%) 10 (1.2%)  9 (3.0%) 5 (3.0%) 

rs886441 

A A 398 (62.1%) 504 (62.5%) 

0.94 

 281 (92.1%) 154 (91.7%) 

0.91 A G 216 (33.7%) 266 (33.0%)  23 (7.5%) 14 (8.3%) 

G G 27 (4.2%) 36 (4.5%)  1 (0.3%) 0 (0.0%) 

rs3819545 

A A 243 (37.9%) 310 (38.5%) 

0.05 

 38 (12.5%) 18 (10.7%) 

0.72 A G 298 (46.5%) 405 (50.2%)  129 (42.3%) 77 (45.8%) 

G G 100 (15.6%) 91 (11.3%)  138 (45.2%) 73 (43.5%) 
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rs2239186 

A A 412 (64.3%) 505 (62.7%) 

0.17 

 105 (34.4%) 61 (36.3%) 

0.64 A G 199 (31.0%) 276 (34.2%)  144 (47.2%) 72 (42.9%) 

G G 30 (4.7%) 25 (3.1%)  56 (18.4%) 35 (20.8%) 

rs10875693 

T T 261 (40.7%) 331 (41.1%) 

0.99 

 301 (98.7%) 165 (98.2%) 

0.70 T A 311 (48.5%) 387 (48.1%)  4 (1.3%) 3 (1.8%) 

A A 69 (10.8%) 87 (10.8%)  0 (0.0%) 0 (0.0%) 

rs11168275 

A A 370 (57.7%) 458 (56.9%) 

0.93 

 65 (21.3%) 38 (22.6%) 

0.72 A G 236 (36.8%) 304 (37.8%)  142 (46.6%) 82 (48.8%) 

G G 35 (5.5%) 43 (5.3%)  98 (32.1%) 48 (28.6%) 

rs2254210  

G G  253 (39.5%) 340 (42.2%) 

0.50 

 169 (55.4%) 86 (51.2%) 

0.64 G A 304 (47.4%) 358 (44.4%)  112 (36.7%) 69 (41.1%) 

A A 84 (13.1%) 108 (13.4%)  24 (7.9%) 13 (7.7%) 

rs2238136 

G G 333 (52.0%) 455 (56.5%) 

0.23 

 199 (65.2%) 115 (68.5%) 

0.22 G A 255 (39.8%) 288 (35.7%)  88 (28.9%) 49 (29.2%) 

A A 53 (8.3%) 63 (7.8%)  18 (5.9%) 4 (2.4%) 

rs2853564 

A A 236 (36.8%) 294 (36.5%) 

0.74 

 128 (42.0%) 69 (41.1%) 

0.97 A G 311 (48.5%) 382 (47.4%)  140 (45.9%) 79 (47.0%) 

G G 94 (14.7%) 130 (16.1%)  37 (12.1%) 20 (11.9%) 

rs11168287 

A A 167 (26.1%) 205 (25.4%) 

0.95 

 53 (17.4%) 33 (19.6%) 

0.79 A G 310 (48.4%) 396 (49.1%)  145 (47.5%) 80 (47.6%) 

G G 163 (25.5%) 205 (25.4%)  107 (35.1%) 55 (32.7%) 

rs4328262 

A A 225 (35.2%) 280 (34.8%) 

0.91 

 97 (31.8%) 59 (35.1%) 

0.45 A C 307 (48.0%) 382 (47.5%)  149 (48.9%) 84 (50.0%) 

C C 108 (16.9%) 143 (17.8%)  59 (19.3%) 25 (14.9%) 

rs7302235 

A A 343 (53.6%) 432 (53.6%) 

0.07 

 96 (31.5%) 49 (29.2%) 

0.53 A G 265 (41.4%) 310 (38.5%)  140 (45.9%) 86 (51.2%) 

G G 32 (5.0%) 64 (7.9%)  69 (22.6%) 33 (19.6%) 

rs11168292 

G G 285 (44.5%) 362 (44.9%) 

0.91 

 283 (92.8%) 159 (94.6%) 

0.44 G C 277 (43.2%) 340 (42.2%)  22 (7.2%) 9 (5.4%) 

C C 79 (12.3%) 104 (12.9%)  0 (0.0%) 0 (0.0%) 

rs11568820 

G G 399 (62.2%) 506 (62.8%) 

0.14 

 96 (31.5%) 47 (28.0%) 

0.57 G A 224 (34.9%) 262 (32.5%)  139 (45.6%) 85 (50.6%) 

A A 18 (2.8%) 38 (4.7%)  70 (23.0%) 36 (21.4%) 

a 
Calculated using Chi-Square tests or Fisher’s exact tests  
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Table 5.4 Minor allele frequencies by ethnicity and disease status 

Gene SNP 
Major 

Allele 

Minor 

Allele 

Study Population European East Asian South Asian Mixed/Other 

Cases 

(n = 1037) 

Controls 

(n = 1050) 

Cases 

(n = 641) 

Controls 

(n = 806) 

Cases 

(n = 305) 

Controls 

(n = 168) 

Cases 

(n = 31) 

Controls 

(n = 31) 

Cases 

(n = 60) 

Controls 

(n = 45) 

GC rs7041 C A 0.48 0.51 0.44 0.45 0.71 0.67 0.48 0.42 0.45 0.51 

VDR rs757343 G A 0.16 0.14 0.11 0.13 0.25 0.21 0.05 0.11 0.26 0.10 

VDR rs1544410 G A 0.30 0.36 0.40 0.41 0.06 0.09 0.52 0.45 0.26 0.31 

VDR rs7967152 C A 0.46 0.50 0.48 0.46 0.70 0.69 0.42 0.44 0.47 0.57 

VDR rs2239182 G A 0.44 0.49 0.50 0.48 0.69 0.66 0.50 0.45 0.58 0.57 

VDR rs2107301 G A 0.39 0.34 0.27 0.28 0.64 0.62 0.42 0.32 0.42 0.34 

VDR rs12717991 G A 0.47 0.42 0.38 0.38 0.66 0.65 0.39 0.35 0.52 0.40 

VDR rs12721370 C A 0.14 0.11 0.10 0.10 0.20 0.18 0.19 0.08 0.25 0.09 

VDR rs886441 A G 0.16 0.18 0.21 0.21 0.04 0.04 0.19 0.21 0.18 0.23 

VDR rs3819545 A G 0.48 0.41 0.39 0.36 0.66 0.66 0.37 0.32 0.51 0.46 

VDR rs2239186 A G 0.26 0.24 0.20 0.20 0.42 0.42 0.11 0.23 0.22 0.29 

VDR rs10875693 T A 0.23 0.28 0.35 0.35 0.01 0.01 0.16 0.26 0.18 0.17 

VDR rs11168275 A G 0.34 0.30 0.24 0.24 0.55 0.53 0.40 0.42 0.38 0.44 

VDR rs2254210 G A 0.32 0.34 0.37 0.36 0.26 0.28 0.06 0.24 0.31 0.30 

VDR rs2238136 G A 0.25 0.24 0.28 0.26 0.20 0.17 0.21 0.24 0.21 0.18 

VDR rs2853564 A G 0.37 0.38 0.39 0.40 0.35 0.35 0.15 0.31 0.32 0.30 

VDR rs11168287 A G 0.48 0.49 0.50 0.50 0.59 0.57 0.44 0.48 0.47 0.53 

VDR rs4328262 A C 0.42 0.41 0.41 0.41 0.44 0.40 0.42 0.39 0.37 0.45 

VDR rs7302235 A G 0.32 0.30 0.26 0.27 0.46 0.45 0.32 0.29 0.27 0.28 

VDR rs11168292 G C 0.24 0.28 0.34 0.34 0.04 0.03 0.16 0.26 0.26 0.26 

VDR rs11568820 G A 0.29 0.26 0.20 0.21 0.46 0.47 0.37 0.32 0.25 0.24 
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adjusted for age and centre only. Odds ratios from age- and centre-adjusted models and fully 

adjusted models are presented for Europeans in Table 5.5 and for East Asians in Table 5.6. For 

European women, none of the SNPs showed a change in ORs greater than 10% when comparing 

the fully adjusted models to the age- and centre- adjusted models. In the East Asian subgroup, 

there was a greater than 10% change in ORs between the fully adjusted models and the age- and 

centre- adjusted models for six of the 21 SNPs: rs757343, rs1544410, rs886441, rs2239186, 

rs10875693 and rs11168292. For rs10875693, the change in odds ratio was almost 200%, from 

OR = 0.25 in the fully adjusted model to OR = 0.75 in the age- and centre-adjusted models. 

However, this is likely due to its extremely low MAF of 0.01. Three other SNPs (rs886441, 

rs11168292 and rs1544410) were also characterized by low MAFs, of less than 0.1, and small 

numbers in the East Asian subgroup may also explain these changes in effect estimates. As there 

are unlikely to be true confounders in the relationship between the SNP and breast cancer risk, 

subsequent analyses adjusted for age and centre only as the most parsimonious model. 

 

5.4 Haplotype Analyses 

5.4.1 Linkage Disequilibrium 

Using measures of r2, the linkage disequilibrium (LD) pattern across the VDR SNPs 

identified in this study among European controls is shown in Figure 5.1. As darker blocks 

represent high levels of LD, several pairs of SNPs exhibit moderate-to-high levels of LD. Four 

SNP pairs had r2 values greater than 0.5: rs154410 and rs7967152; rs12717991 and rs3819545; 

rs2254210 and rs2853564; and rs7302235 and rs11568820. Another 22 pairs of SNPs had r2 

values between 0.2 and 0.5, with the remaining pairs of SNPs exhibiting weak or no LD (r2 < 

0.2). The triangular LD plot for the VDR SNPs among East Asians is shown in Figure 5.2. Three  
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Table 5.5 Odds ratios from age- and centre-adjusted models and fully adjusted models for the associations between SNPs in vitamin D-

related genes and breast cancer risk in European women 

Gene SNP 
Age- and Centre-Adjusted Odds Ratios Fully Adjusted Odds Ratiosa 

Odds Ratio praw
b pFDR

c Odds Ratio praw
b pFDR

c 

GC rs7041 0.95   (0.82, 1.10) 0.49 0.98 0.97   (0.82, 1.15) 0.69 0.97 

VDR rs757343 0.93   (0.73, 1.15) 0.45 0.98 0.93   (0.72, 1.21) 0.59 0.97 

VDR rs1544410 0.97   (0.83, 1.13) 0.66 0.98 0.96   (0.81, 1.15) 0.67 0.97 

VDR rs7967152 1.09   (0.94, 1.26) 0.26 0.98 1.08   (0.92, 1.28) 0.34 0.97 

VDR rs2239182 1.05   (0.90, 1.23) 0.52 0.98 1.07   (0.90, 1.27) 0.46 0.97 

VDR rs2107301 0.96   (0.81, 1.13) 0.63 0.98 0.99   (0.82, 1.19) 0.89 0.97 

VDR rs12717991 1.00   (0.86, 1.16) 0.98 0.98 0.97   (0.81, 1.15) 0.70 0.97 

VDR rs12721370 1.04   (0.82, 1.33) 0.75 0.98 1.02   (0.78, 1.34) 0.89 0.97 

VDR rs886441 1.01   (0.84, 1.21) 0.91 0.98 1.03   (0.84, 1.27) 0.76 0.97 

VDR rs3819545 1.12   (0.96, 1.31) 0.16 0.98 1.12   (0.94, 1.34) 0.21 0.97 

VDR rs2239186 1.01   (0.84, 1.21) 0.96 0.98 0.97   (0.78, 1.20) 0.78 0.97 

VDR rs10875693 1.01   (0.86, 1.18) 0.93 0.98 1.03   (0.86, 1.24) 0.75 0.97 

VDR rs11168275 0.99   (0.83, 1.18) 0.90 0.98 1.00   (0.82, 1.23) 0.97 0.97 

VDR rs2254210 1.04   (0.89, 1.21) 0.60 0.98 1.05   (0.88, 1.25) 0.59 0.97 

VDR rs2238136 1.13   (0.96, 1.33) 0.15 0.98 1.12   (0.93, 1.35) 0.24 0.97 

VDR rs2853564 0.96   (0.82, 1.11) 0.55 0.98 1.01   (0.85, 1.20) 0.94 0.97 

VDR rs11168287 0.99   (0.85, 1.14) 0.84 0.98 0.96   (0.82, 1.14) 0.67 0.97 

VDR rs4328262 0.97   (0.84, 1.12) 0.68 0.98 0.96   (0.81, 1.14) 0.67 0.97 

VDR rs7302235 0.93   (0.78, 1.10) 0.39 0.98 0.89   (0.73, 1.08) 0.24 0.97 

VDR rs11168292 1.00   (0.86, 1.16) 0.96 0.98 1.02   (0.86, 1.21) 0.84 0.97 

VDR rs11568820 0.95   (0.79, 1.15) 0.61 0.98 0.89   (0.72, 1.10) 0.29 0.97 

a Adjusted for age, centre, household income, education level, BMI, age at first mammogram, number of pregnancies, age at menarche, age at first birth, smoking 

status, pack-years of smoking, family history of breast cancer, lifetime alcohol consumption, use of oral contraceptives and use of hormone replacement therapy 
b Unadjusted p-value 
c False discovery rate-adjusted p-value  
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Table 5.6 Odds ratios from age- and centre-adjusted models and fully adjusted models for the associations between SNPs in vitamin D-

related genes and breast cancer risk in East Asian women 

Gene SNP 
Age- and Centre-Adjusted Odds Ratios Fully Adjusteda Odds Ratios 

Odds Ratio praw
b pFDR

c Odds Ratio praw
b pFDR

c 

GC rs7041 1.20   (0.90, 1.59) 0.22 0.92 1.29   (0.91, 1.81) 0.15 0.61 

VDR rs757343 1.20   (0.86, 1.67) 0.27 0.92 1.36   (0.91, 2.02) 0.14 0.61 

VDR rs1544410 0.64   (0.38, 1.07) 0.09 0.92 0.54   (0.28, 1.07) 0.08 0.61 

VDR rs7967152 1.04   (0.77, 1.39) 0.81 0.99 0.95   (0.67, 1.35) 0.79 0.93 

VDR rs2239182 1.15   (0.87, 1.51) 0.32 0.92 1.11   (0.80, 1.54) 0.54 0.87 

VDR rs2107301 1.11   (0.84, 1.45) 0.46 0.92 1.15   (0.83, 1.60) 0.41 0.82 

VDR rs12717991 1.05   (0.80, 1.38) 0.74 0.99 1.09   (0.78, 1.53) 0.62 0.92 

VDR rs12721370 1.12   (0.79, 1.59) 0.52 0.92 1.21   (0.80, 1.83) 0.37 0.82 

VDR rs886441 0.97   (0.50, 1.90) 0.94 0.99 0.77   (0.35, 1.68) 0.51 0.87 

VDR rs3819545 1.00   (0.76, 1.32) 1.00 0.99 1.00   (0.71, 1.40) 0.98 0.98 

VDR rs2239186 0.99   (0.76, 1.29) 0.95 0.99 0.87   (0.63, 1.21) 0.41 0.82 

VDR rs10875693 0.75   (0.17, 3.39) 0.71 0.99 0.25   (0.04, 1.69) 0.16 0.61 

VDR rs11168275 1.10   (0.85, 1.43) 0.46 0.92 1.15   (0.83, 1.57) 0.40 0.82 

VDR rs2254210 0.90   (0.67, 1.21) 0.49 0.92 0.96   (0.67, 1.39) 0.83 0.93 

VDR rs2238136 1.24   (0.89, 1.74) 0.21 0.92 1.32   (0.89, 1.96) 0.17 0.61 

VDR rs2853564 0.99   (0.74, 1.31) 0.92 0.99 0.97   (0.69, 1.36) 0.85 0.93 

VDR rs11168287 1.09   (0.84, 1.43) 0.51 0.92 1.06   (0.75, 1.48) 0.75 0.93 

VDR rs4328262 1.17   (0.89, 1.54) 0.25 0.92 1.14   (0.82, 1.60) 0.43 0.82 

VDR rs7302235 1.01   (0.78, 1.32) 0.92 0.99 1.05   (0.76, 1.46) 0.78 0.93 

VDR rs11168292 1.39   (0.62, 3.10) 0.42 0.92 2.08   (0.78, 5.60) 0.15 0.61 

VDR rs11568820 0.96   (0.74, 1.25) 0.78 0.99 0.98   (0.71, 1.35) 0.89 0.93 

a Adjusted for age, centre, household income, education level, BMI, age at first mammogram, number of pregnancies, age at menarche, age at first birth, pack-

years of smoking, family history of breast cancer, lifetime alcohol consumption, use of oral contraceptives and use of hormone replacement therapy 
b Unadjusted p-value 
c False discovery rate-adjusted p-value  
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SNP pairs exhibited high levels of LD, with r2 levels greater than 0.75: rs2107301 and 

rs12717991; rs12717991 and rs3819545; and rs7302235 and rs11568820. Moderate-to-high 

levels of LD (0.5 < r2 < 0.75) was observed in an additional 8 SNP pairs.   

The LD patterns were similar between the European and East Asian controls, as SNPs in 

higher LD were similar between the two plots. However, the distribution of r2 values appeared to 

be wider among Asians, in which areas of high LD were stronger among the East Asian controls 

than the European controls, such as from rs2239182 to rs12717991; however, areas of low or 

weak LD were even weaker among the East Asian controls. 

 

Figure 5.1 Linkage disequilibrium plot of genotyped SNPs in VDR gene among European controls 
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5.4.2 Haplotype Blocks: Descriptive Statistics 

Five haplotype blocks were identified in the VDR gene among European controls in the 

following positional order: block A – rs757343, rs1544410, rs7967152; block B – rs12721370, 

rs886441; block C – rs3819545, rs2239186; block D – rs2238136, rs2853564; and block E – 

rs11168292, rs11568820 (Figure 5.3).  

 

Figure 5.2 Linkage disequilibrium plot of genotyped SNPs in VDR gene among East Asian controls 

 

Among East Asians, only three haplotype blocks were identified: block F – rs2107301, 

rs12717991, rs12721370; block G – rs11168287, rs4328262; and block H – rs7302235, 

rs11168292, rs11568820. No haplotype block was the same between Europeans and East Asians, 

though there was some overlap in certain blocks.  
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Haplotype frequencies, estimated via an expectation maximization (EM) algorithm and 

stratified by disease status, are provided in Table 5.7. Within Block A, only five haplotypes were 

identified, as the AAA, AAC and AGA genotypes were not observed among European women. 

In blocks B and D, the AG haplotype was observed among neither European cases nor controls. 

Among all haplotype blocks observed among Europeans, the distribution of haplotype 

frequencies was similar between cases and controls. The haplotype frequencies for Blocks A, B, 

C and E were characterized by one haplotype constituting nearly half or more of that block’s 

haplotypes: approximately 45-48% of GGA for block A; 69% of CA for block B; 60-63% of AA 

for block C; and 45-46% of GG for block E. In contrast, the distribution of haplotypes for block 

D was more evenly spread across the three existing haplotypes. 

For block F, only six haplotypes were observed among East Asian women; the AGA and 

GGA genotypes were not observed. Three haplotypes, AAC, GGC and AAA constituted almost 

all of the Block F haplotypes. Block G predominantly consisted of approximately 40% GC and 

40% AA haplotypes among both cases and controls, though the GC haplotype was slightly 

higher among cases whereas the AA haplotype was higher among controls. In block H, three 

haplotypes, ACA, GCA and GCG, were not observed, and the AGG and GGA haplotypes 

constituted almost all of the block H haplotypes.  

A B C D E F G H 

Figure 5.3 Haplotype blocks among Europeans (solid line) and East Asians (dashed line) 
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Table 5.7 Haplotype frequencies (%) by ethnicity and disease status 

European 

Haplotype Cases Controls 

Block A: rs757343, rs1544410, rs7967152 

     GGA 47.7 45.7 

     GAC 40.2 41.3 

     AGC 11.5 12.6 

     GGC 0.3 0.5 

     GAA 0.2 0.0 

Block B: rs12721370, rs886441 

     CA 69.0 69.3 

     CG 21.1 21.0 

     AA 10.0 9.7 

Block C: rs3819545, rs2239186 

     AA 60.6 62.9 

     GG 19.6 19.5 

     GA 19.2 16.9 

     AG 0.6 0.7 

Block D: rs2238136, rs2853564 

     GG 38.9 39.8 

     GA 32.9 34.5 

     AA 28.2 25.7 

Block E: rs11168292, rs11568820 

     GG 46.0 45.0 

     CG 33.8 34.0 

     GA 20.1 21.0 

     CA 0.2 0.0 
 

East Asians 

Haplotype Cases Controls 

Block F: rs2107301, rs12717991, rs12721370 

     AAC 44.6 43.5 

     GGC 34.1 35.4 

     AAA 19.3 18.5 

     GAC 0.8 2.7 

     AGC 0.3 0.0 

     GAA 0.8 0.0 

Block G: rs11168287, rs4328262 

     GC 43.0 39.2 

     AA 40.4 42.7 

     GA 15.9 17.4 

     AC 0.8 0.7 

Block H: rs7302235, rs11168292, rs11568820 

     AGG 50.2 50.0 

     GGA 45.1 44.6 

     ACG 3.6 2.7 

     AGA 0.7 2.1 

     GGG 0.5 0.6 

 

 

 

 

5.4.3 Haplotype Analysis 

 Results of the weighted logistic regression analyses to assess for an association between 

haplotypes and breast cancer risk are provided in Table 5.8. Among European women, none of 

the haplotypes were associated with breast cancer risk prior to false discovery rate adjustment. 

The GA haplotype of block C, which includes rs3819545 and rs2239186, is suggestive of an 

increased risk of breast cancer compared to the AA haplotype and approached significance (praw 

= 0.1) prior to FDR adjustment. The rare haplotypes of blocks D and E were also suggestive of 

elevated breast cancer risk though these may be due to unreliable estimates generated for rare 
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haplotypes. Similarly among East Asian women, no association between haplotypes and breast 

cancer risk was observed. The results suggest that the rare haplotypes of block H may be 

protective against breast cancer, though they were not statistically significant prior to FDR 

adjustment (praw = 0.1). 

Table 5.8 Age- and centre-adjusted odds ratios for the associations between VDR haplotypes and 

breast cancer risk among Europeans and East Asians 

Europeans 

Haplotype Odds Ratio praw
a pFDR

b 

Block A 
   

     GGA (ref)   

     GAC 0.94   (0.80, 1.10) 0.44 0.92 

     AGC 0.89   (0.70, 1.13) 0.35 0.92 

     Rare 1.06   (0.38, 2.92) 0.92 0.92 

Block B    

     CA (ref)   

     CG 1.02   (0.85, 1.22) 0.85 0.92 

     AA 1.05   (0.82, 1.34) 0.72 0.92 

     Rare 1.13   (0.61, 2.07) 0.70 0.92 

Block C    

     AA (ref)   

     GG 1.06   (0.87, 1.29) 0.58 0.92 

     GA 1.18   (0.97, 1.43) 0.10 0.50 

     Rare 0.87   (0.38, 2.00) 0.74 0.92 

Block D    

     GG (ref)   

     GA 0.98   (0.82, 1.17) 0.85 0.92 

     AA 1.12   (0.94, 1.34) 0.22 0.82 

     Rare 1.24   (0.96, 1.61) 0.10 0.50 

Block E    

     GG (ref)   

     CG 0.98   (0.83, 1.15) 0.77 0.92 

     GA 0.94   (0.77, 1.14) 0.53 0.92 

     Rare 3.88   (0.92, 16.33) 0.07 0.50 
 

East Asians 

Haplotype Odds Ratio praw
a pFDR

b 

Block F    

     AAC (ref)   

     GGC 0.94   (0.70, 1.26) 0.68 0.99 

     AAA 1.03   (0.70, 1.51) 0.88 0.99 

     Rare 0.71   (0.29, 1.74) 0.46 0.86 

Block G    

     GC (ref)   

     AA 0.86   (0.64, 1.16) 0.32 0.86 

     GA 0.83   (0.57, 1.22) 0.35 0.86 

     Rare 1.01   (0.24, 4.32) 0.99 0.99 

Block H    

     AGG (ref)   

     GGA 0.99   (0.76, 1.29) 0.95 0.99 

     ACG 1.34   (0.60, 3.00) 0.48 0.86 

     Rare 0.43   (0.16, 1.16) 0.10 0.86 

 

a Unadjusted p-value 
b False discovery rate-adjusted p-value 
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5.5 Sensitivity Analysis 

A sensitivity analysis was conducted to address potential biases resulting from different 

selection strategies used for case and controls by restricting to participants who had previously 

participated in a screening mammography program. A total of 229 cases were excluded, and the 

results from stratified analyses of European and East Asian women are presented in Table 5.9. 

The ORs from the sensitivity analysis were similar to those from the main analyses, which 

included all participants. No SNP was associated with breast cancer risk following the FDR 

adjustment in sensitivity analyses of both European and East Asian women.   
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Table 5.9 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and breast cancer risk, 

excluding cases who have never attended screening mammography 

Gene SNP 
Minor 

Allele 

European 

(442 cases, 806 controls) 

East Asian 

(213 cases, 168 controls) 

Odds Ratio (95% CI) praw
a pFDR

b Odds Ratio (95% CI) praw
a pFDR

b 

GC rs7041 A 0.97   (0.83, 1.14) 0.73 0.96 1.08   (0.79, 1.46) 0.65 0.85 

VDR rs757343 A 0.91   (0.71, 1.17) 0.46 0.96 1.10   (0.77, 1.58) 0.61 0.85 

VDR rs1544410 A 0.95   (0.81, 1.12) 0.55 0.96 0.69   (0.39, 1.20) 0.18 0.85 

VDR rs7967152 A 1.11   (0.95, 1.30) 0.20 0.96 1.09   (0.79, 1.50) 0.61 0.85 

VDR rs2239182 A 1.10   (0.94, 1.30) 0.24 0.96 1.02   (0.76, 1.38) 0.89 0.93 

VDR rs2107301 A 0.99   (0.83, 1.18) 0.91 0.96 1.00   (0.75, 1.34) 1.00 1.00 

VDR rs12717991 A 1.02   (0.87, 1.20) 0.82 0.96 0.95   (0.70, 1.28) 0.72 0.88 

VDR rs12721370 A 1.05   (0.81, 1.36) 0.72 0.96 1.15   (0.79, 1.67) 0.46 0.85 

VDR rs886441 G 1.01   (0.84, 1.23) 0.89 0.96 0.90   (0.44, 1.85) 0.78 0.91 

VDR rs3819545 G 1.14   (0.97, 1.35) 0.11 0.96 0.89   (0.66, 1.20) 0.45 0.85 

VDR rs2239186 G 1.02   (0.84, 1.24) 0.84 0.96 0.87   (0.65, 1.16) 0.35 0.85 

VDR rs10875693 A 0.95   (0.80, 1.13) 0.57 0.96 0.84   (0.17, 4.27) 0.84 0.92 

VDR rs11168275 G 0.99   (0.83, 1.20) 0.95 0.96 1.11   (0.83, 1.48) 0.48 0.85 

VDR rs2254210 A 1.01   (0.86, 1.19) 0.92 0.96 0.90   (0.65, 1.24) 0.52 0.85 

VDR rs2238136 A 1.15   (0.96, 1.36) 0.13 0.96 1.43   (1.00, 2.05) 0.05 0.85 

VDR rs2853564 G 0.93   (0.79, 1.09) 0.38 0.96 0.90   (0.66, 1.21) 0.48 0.85 

VDR rs11168287 G 1.01   (0.87, 1.18) 0.89 0.96 1.23   (0.92, 1.64) 0.17 0.85 

VDR rs4328262 C 1.00   (0.85, 1.17) 0.96 0.96 1.25   (0.94, 1.68) 0.13 0.85 

VDR rs7302235 G 0.93   (0.78, 1.12) 0.44 0.96 0.93   (0.70, 1.24) 0.63 0.85 

VDR rs11168292 C 0.97   (0.82, 1.14) 0.71 0.96 1.44   (0.62, 3.36) 0.40 0.85 

VDR rs11568820 A 0.99   (0.82, 1.21) 0.95 0.96 0.89   (0.67, 1.18) 0.42 0.85 

a Unadjusted p-value 
b False discovery rate-adjusted p-value 
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Chapter 6: Discussion 

 The purpose of this thesis was to assess the relationship between genetic variants of 

vitamin D-related genes and risk of breast cancer, and estrogen receptor (ER), progesterone 

receptor (PR) and human epidermal growth factor receptor 2 (HER2)-defined breast tumour 

subtypes, among European and East Asian women. Data from a population-based case-control 

study were used to characterize the distribution of genetic variation in vitamin D-related genes 

and identify haplotypes within the vitamin D receptor gene in the study population, and logistic 

regression, with dichotomous or polytomous multinomial outcomes, was used to assess risk of 

breast cancer or breast tumour subtypes, respectively. This chapter outlines the key findings of 

this thesis, the interpretation and relevance of these results within the current state of research, 

methodological strengths and limitations, and directions for future research.  

 

6.1 Summary of Main Findings 

6.1.1 Distribution of Genetic Variation Vitamin D-Related Genes 

 The first objective, to describe the frequency distribution of genetic variation across the 

21 SNPs of vitamin D-related genes and the minor allele frequencies for each SNP among 

European and East Asian women, was achieved. Among European women, cases were more 

likely to be homozygous for the minor G allele at the rs3819545 polymorphism of the VDR gene 

compared to controls (p = 0.05). In addition, cases were more likely to be heterozygous at the 

rs7302235 polymorphism of VDR compared to controls, although this was marginally significant 

(p = 0.07). Among East Asian women, no difference in the frequency distributions of the 21 

SNPs was observed. The rs1544410 (BsmI) polymorphism approached significance (p = 0.08), as 
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cases were more likely to be homozygous for the major G allele than controls. MAFs in cases 

and controls were similar across all 21 polymorphisms in both the European and the South Asian 

subgroups.   

6.1.2 SNPs of Vitamin D-Related Genes and Breast Cancer Risk 

 The second objective, to determine associations of vitamin D-related SNPs with breast 

cancer risk by ethnicity and menopausal status, was achieved. No association was observed 

between the 21 polymorphisms in vitamin D-related genes and breast cancer risk among 

European, East Asian, South Asian or mixed/other women after adjusting for multiple 

comparisons. Stratification by menopausal status in the European and East Asian subgroups also 

revealed no association, and these relationships were not modified by menopausal status.  

 The rs7041 polymorphism is a nonsynonymous substitution in exon 11 of GC and was 

not associated with breast cancer risk in any ethnic subgroups after false discovery rate (FDR) 

adjustment. However, it was associated with a 59% increase in breast cancer risk (95% CI: 1.07-

2.36) among postmenopausal East Asian women prior to FDR adjustment, although this was not 

statistically significant after adjusting for multiple comparisons. No association was observed 

among premenopausal European or East Asian women, or among postmenopausal European 

women. Polymorphisms of the GC gene have been implicated in modifying circulating 25-

hydroxyvitamin D (25(OH)D) levels (1-3), but its association with breast cancer risk has not 

been established in the literature. Our findings for rs7041 and breast cancer risk among European 

women are consistent with results of three other studies (1, 2, 4), all of women of white ethnicity 

or of European descent. However, a case-control study (1,560 cases and 1,633 controls) of 

Caucasian women, using data from the Ontario Women’s Diet and Health Study, found that 

women who were variant homozygous at the rs7041 polymorphism had a 23% increase in breast 
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cancer risk compared to women who were common homozygous (5). In contrast, the Gc2 

genotype (variant homozygous at rs7041 and rs4588) was associated with a 28% decrease in 

postmenopausal breast cancer risk among women of European descent (6). A study of Chinese 

women found no association between rs7041 and breast cancer risk (7), which is consistent with 

our findings for the East Asian subgroup.  

 For the VDR polymorphisms, none were associated with breast cancer risk in any of the 

ethnic subgroups after adjustment for multiple comparisons. Prior to FDR adjustment, two 

polymorphisms, rs2254210 and rs2853564, were protective against breast cancer among South 

Asian women, and an additional two polymorphisms, rs757343 and rs12721370, were associated 

with increased breast cancer risk among the mixed/other subgroup. However, the potential for 

false positive results due to small cell numbers and large number of comparisons requires larger 

studies to further examine these polymorphisms in these ethnic subpopulations. After 

stratification by menopausal status in the European and East Asian subgroups, the rs4328262 

polymorphism was associated with a 26% reduction in premenopausal breast cancer risk, and the 

rs2238136 polymorphism was associated with a 23% increase in postmenopausal breast cancer 

risk among European women prior to FDR adjustment. However, no SNP was associated 

following multiple comparison procedures among premenopausal or postmenopausal European 

and East Asian women.  

 Among the four restriction fragment length polymorphisms (RFLPs) in VDR, BsmI 

(rs1544410) was included in our study and was not associated with breast cancer risk in any 

ethnic subgroups or after stratification by menopausal status. The BsmI polymorphism results in 

a G-to-A substitution in intron 8 located near the 3’ end of VDR. Due to the proximity of this 

polymorphism to the 3’ untranslated area, it is speculated that the BsmI polymorphism may be 
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implicated in mRNA translational activity and stability although its exact functionality is not 

fully understood (8). While one meta-analysis found a 6-7% decrease in risk of cancer at any site 

for BsmI (9), our results are in concordance with those of three recently published meta-analyses 

that reported no overall association between the BsmI polymorphism and breast cancer among 

Europeans or Caucasians (10-12), Asians (11, 12), or African-Americans (11, 12), although a 

very limited number of studies have been published examining this association in Asian or 

African-American populations.  

 The null results observed for the remaining VDR polymorphisms in our study are 

generally consistent with literature findings (2, 7, 13, 14).  Of the remaining 19 VDR SNPs 

examined in this study, 12 of them have been reported to have no association with breast cancer 

risk in previous studies of white or European-American: rs2239182 (2, 13, 14), rs2107301 (14), 

rs12717991 (13), rs886441 (13), rs2239186 (13), rs11168275 (14), rs2254210 (13), rs2238136 

(13), rs2853564 (13),  rs4328262 (13), rs11168292 (13) and rs11568820 (13). A nested case-

control of 270 cases and 554 controls found that white women carrying two copies of the G-

minor allele at rs11168287 were at 40% decrease in breast cancer risk compared to women 

carrying two copies of the A-major allele (14). However, this study did not adjust for multiple 

comparisons, leaving the possibility of false-positive findings. Our estimated odds ratio for this 

SNP in the European subgroup was very close to the null (OR = 0.99, 95 CI: 0.83-1.18), which is 

similar in magnitude to the odds ratio reported by Yao et al. for European-American women 

(13). Another study also found no association between rs11168287 and breast cancer risk 

although the results suggest that the minor allele of rs11168287 elevates risk of breast cancer (2). 

The rs2239186 polymorphism was associated with an increase in serum 25(OH)D levels and a 

48% reduction in risk of breast cancer among African-Americans, although found null results 
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among European-American women, similar to the findings in our study (13). Our results for the 

East Asian subgroup are also consistent with a study of Chinese women that found no 

association with risk for the rs2254210 polymorphism or the rs11168292 polymorphism, among 

other VDR polymorphisms (7).  

Tests for potential confounders via a backwards selection and change-in-estimate 

approach revealed no confounding in the relationship between genetic variants in vitamin D-

related genes and breast cancer risk. This was expected since demographic, lifestyle, behavioural 

and reproductive factors are unlikely to be related to vitamin D-related SNPs. Due to ethnic 

subgroup stratifications to reduce genetic heterogeneity and address issues of population 

stratification, certain analyses may have been limited by low statistical power. Large studies 

conducted in different ethnic subgroups are required to validate these results. 

 6.1.3 SNPs of Vitamin D-Related Genes and Breast Tumour Subtypes 

 The third objective was to assess whether associations of polymorphisms in vitamin D-

related genes and breast cancer risk varied by tumour receptor status, as defined by ER, PR and 

HER2 tumour expression. Our results suggest that these relationships may be modified by 

tumour receptor status. Significant p-values for tumour heterogeneity (pTH) were observed prior 

to FDR adjustment for three VDR polymorphisms (rs1544410, rs7967152 and rs2239186) among 

European women, but were no longer significant following adjustment for multiple comparisons. 

All three SNPs were more strongly associated with ER-/PR-/HER2+ breast tumours than with 

other tumour subtypes, and the association with ER-/PR-/HER2+ breast tumours was significant 

following FDR adjustment for rs1544410 and rs7967152. In East Asians, two VDR SNPs 

(rs2239186 and rs11168292) exhibited significant tumour heterogeneity prior to FDR adjustment 

but were not significant afterwards. The rs2239186 polymorphism increased risk of ER+ and/or 
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PR+/HER2+ tumours, but appeared protective against other tumour subtypes, whereas the 

rs11168292 polymorphism increased risk ER-/PR-/HER2+ breast tumours more strongly than 

other tumour subtypes. However, these associations were not statistically significant following 

FDR adjustment. After stratification by menopausal status, the rs4328262 polymorphism of VDR 

was associated with a reduction in ER+ and/or PR+/HER2+ breast tumour risk among 

premenopausal European women, but not with other tumour subtypes. However, tumour 

heterogeneity for this SNP was not significant after adjustment for FDR. Associations between 

polymorphisms of vitamin D-related genes and breast tumour subtype, or significant 

heterogeneity in effect estimates between breast tumour subtypes, was not observed among 

postmenopausal Europeans, premenopausal East Asians or postmenopausal East Asians after 

adjustment for multiple comparisons.  

 Analyses of tumour subtypes, defined by ER and PR status only, revealed no association 

between vitamin D-related SNPs and breast tumour subtypes, and no tumour heterogeneity in 

any subgroups after adjustment for multiple comparisons. There is suggestion of an attenuation 

of effect estimates when HER2 status is not considered, likely due to increased heterogeneity of 

case groups. The lack of modification of breast cancer risk by hormone receptor status observed 

in our study is predominantly in concordance with results of existing studies in the literature (2, 

13-16). However, one study found the Gc2 genotype of the GC gene to be inversely associated 

with PR+ tumours, but not PR- tumours (6). In addition, some VDR polymorphisms have been 

suggested to be more strongly associated with one tumour subtype than another, such as 

rs731236 (TaqI) and ER+ tumours (15), and rs27622941 and ER- tumours (13), although these 

SNPs were not included in our study. Studies of the vitamin D pathway and breast cancer which 

have considered HER2 status in addition to the hormone receptors have been limited. One study 
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found a stronger inverse relationship between vitamin D intake and ER+ and/or PR+/HER2- 

breast tumours, compared to other breast tumour subtypes (17). A study of VDR polymorphisms 

found that the relationship between rs1544410 (BsmI) and breast cancer risk was not modified by 

ER, PR and HER2 tumour status (18). However, this study may be limited by inadequate sample 

size to examine potential heterogeneity in these tumour subtypes, which may explain the 

discordance in results between this study and ours.  

6.1.4 Vitamin D Receptor Gene Haplotypes and Breast Cancer Risk 

 The last objective was to examine linkage disequilibrium (LD) patterns and determine 

haplotype block structures in the vitamin D receptor gene to assess the relationship between VDR 

gene haplotypes and breast cancer risk. Similar LD patterns were observed between European 

and East Asian women although different haplotype blocks were defined amongst the two 

subgroups. None of the haplotypes were associated with breast cancer risk among Europeans or 

East Asians. A relatively high level of LD (r2 = 0.59) can be observed between rs1544410 (BsmI) 

and rs7967152 in European women, which may explain why both VDR polymorphisms were 

significantly associated with ER-/PR-/HER2+ breast tumours. In addition, haplotype frequencies 

of block A, which contains the two aforementioned polymorphisms, demonstrate high co-

occurrence of the major G-allele of rs1544410 with the minor A-allele of rs7967152, and of the 

minor A-allele of rs1544410 with the major C-allele of rs7967152. Therefore, while the minor 

allele of rs1544410 reduced the risk of ER-/PR-/HER2+ breast tumours and the minor allele of 

rs7967152 increased this risk, these SNPs formed haplotypes consisting of polymorphism 

variants that have the same direction of risk on ER-/PR-/HER2+ breast tumours. 

 Studies of VDR haplotypes and breast cancer risk are limited, and the findings of such 

studies are difficult to compare as they are often specific to the polymorphisms selected for 
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examination in the study. One study identified three VDR haplotype blocks across 26 SNPs, and 

found that the GTCATTTCCTA haplotype of one block, consisting of 11 SNPs (rs739837, 

rs731236, rs7975232, rs2239182, rs2107301, rs2239181, rs2238139, rs2189480, rs3782905, 

rs7974708, and rs11168275), was associated with a 50% reduction in breast cancer risk (14). 

Another study examined haplotypes of four polymorphisms, rs2228570/rs10735810 (FokI), 

rs731236 (TaqI), rs1989969 (VDR-5132) and rs11568820 (Cdx2), and found that the CCCA 

haplotype was associated with a 43% increase in risk compared to the CTCG haplotype (15). 

Lastly, one studied found no association between haplotypes of rs1544410 (BsmI), rs7975232 

(ApaI), rs731236 (TaqI) and the poly(A) repeat, and postmenopausal breast cancer risk (4). 

 

6.2 Strengths and Limitations 

 This study is novel in examining the role of a variety of genetic variants in vitamin D-

related genes on not only breast cancer risk, but also ER, PR and HER2-defined breast tumour 

subtypes. Careful quality control and quality assurance of genotype data, consisting of thorough 

measures to ensure the SNPs were adequately selected and discrepancies in the samples were 

eliminated, produced high quality genetic data that is free of potential misclassification errors. 

These quality control measures ensured that this study avoided false-positive results arising from 

differential biases associated with inconsistent DNA preparation and genotyping methods (19), 

low genotype call rates (20), or inclusion of related subjects when assuming interdependence of 

subjects (21). In addition, exclusion of DNA samples of low quality or genotyping assays of poor 

performance decreases non-differential misclassification (21). In addition, subgroup 

comparisons, defined by geographic ancestry, reduce the potential for spurious associations 

resulting from population stratification by ensuring population structures are similar between 
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cases and controls (22). Subgroup comparisons among pre- and post-menopausal women and for 

ER/PR/HER2-defined breast tumour subtypes to identify etiologic differences were also possible 

with the large sample size of the study. Multiple comparisons were accounted for by correcting 

for the false discovery rate. The FDR adjustment was conservative in generating adjusting p-

values, as it assumes independence of tests being conducted, when, in fact, these SNPs are not 

independent due to LD; therefore, any association observed in this study is unlikely to be due to 

random chance. 

 Despite numerous strengths, this study is not without limitations.  There may have been 

limited statistical power in smaller subgroups defined to reduce heterogeneity, especially upon 

stratification by ethnicity, menopausal status and breast tumour subtype. As well, there were too 

few non-European and non-East Asian women to be able to examine associations among other 

ethnic subgroups. In addition, while all SNPs were required to have a minor allele frequency of 

at least 0.1 to be included in the study, some of them had extremely low MAF in certain ethnic 

subgroups upon stratification by geographic ancestry. In particular, three SNPs of the VDR gene 

(rs886441, rs10875693 and rs11168292) had MAFs less than 0.05 in the East Asian subgroup. In 

some cases, the odds ratios for these SNPs were likely to be highly unreliable and must be 

interpreted with caution; in other cases, the odds ratios could not be generated at all. 

 Two VDR RFLPs, rs731236 (TaqI) and rs2228570 (FokI), failed assay design during 

quality control, and one VDR RFLP, rs7975232 (ApaI) was not included in this study. However, 

TaqI and ApaI are both in high LD with rs1544410 (BsmI) (23) and our findings on BsmI and 

risk of breast cancer and tumour subtypes may be applied to the TaqI and ApaI RFLPs as well. 

Unfortunately, FokI is not in LD with other common SNPs (23), and the genotypic distribution 
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of FokI and its associations with breast cancer and tumour subtypes in our study could not be 

compared to findings in the literature. 

 Concerns for potential selection biases for this study arise from the relatively low 

response rates, and the selection of cases and controls. Response rates were approximately 50% 

for both cases and controls. Unfortunately, there is not adequate information available on the 

non-responders in order to compare them to the responders. While there may be concerns that 

those who opt to participate in this study are systematically different than those who choose not 

to participate, these differences are unlikely to be related to one’s vitamin D-related genes. In 

addition, SNPs with MAFs that were unexpectedly different among Caucasian controls 

compared to HapMap Northern Europeans from Utah (CEU) data were excluded during quality 

control of genotype data. Therefore, since the decision to participate is not associated with the 

exposure of interest for this study, these low response rates are unlikely to introduce any 

selection bias into the study.  

There may be issues of selection bias in the recruitment of controls, as cases in British 

Columba were recruited using a population-based source, the BC Cancer Registry, whereas 

controls were recruited from the Screening Mammographic Program of BC. Therefore, the 

controls captured from the screening program may not be representative of the underlying 

general population from which the cases were selected. In general, women of immigrant status, 

from households with lower income or with unhealthy lifestyle behaviours, such as smoking, are 

less likely to participate in mammography screening programs (24). Despite differences between 

cases and controls in the Canadian Breast Cancer Study observed for characteristics such as 

household income, age at first mammogram, education, and alcohol consumption, these variables 

are unlikely to be related to the exposure of interest, and were not found to confound the 
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relationship between SNPs of vitamin D-related genes and breast cancer risk. In addition, results 

of sensitivity analysis, which was restricted to cases who had attended screening mammography, 

were similar to those of the main analysis, which included all participants. However, as culture 

can correlate with the uptake of screening programs, as well as with one’s genetics due to 

geographic ancestry, some selection bias may be introduced into the study, although this is likely 

mitigated through stratification by ethnicity.  

Recall bias and recall error, which are generally of concern in case-control studies, are 

not an issue for the exposure variable as biological measurements were used: we were not reliant 

on recollections of past events or experiences of the participants except for potential 

confounders. Unlike other biological measures, genetic status is not affected by disease. Some 

recall error may have occurred with the measurement of potential confounders, such as lifetime 

alcohol consumption or pack-years of smoking. However, these variables were ultimately not 

included in the final age- and centre-adjusted models as they did not appear to confound any 

relationships of interest and therefore would not impact the final effect estimates generated from 

the models. Although validation of the CBCS questionnaire was not formally assessed, these 

questions have been used previously by experts in previously administered questionnaires, 

including the National Household Survey, the Canadian Community Health Survey, and the 

Total Physical Activity Questionnaire by Friedenreich et al (25). 

 

6.3 Generalizability 

 Criteria for case inclusion were women aged between 40 and 80 with no previous history 

of cancer. Therefore, the results of this study may not be generalizable to women considered 

ineligible for the study, specifically those outside of the specified age range or with a previous 
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history of cancer. In addition, as the relationship between genetic variants of vitamin D-related 

genes and breast cancer risk may be differential by geographic ancestry, our results are likely 

generalizable to women of European or East Asian descent, but would not extend to other ethnic 

populations. In addition, stratification by menopausal status makes these results generalizable to 

both premenopausal and postmenopausal breast cancers. Despite controls not necessarily being 

representative of the general population, as they were recruited from the Screening 

Mammography Program, significant differences between controls and cases with respect to 

household income, education or age at first mammogram are unlikely to affect the relationship of 

interest in this study, and therefore are unlikely to affect the generalizability of the results.  

 

6.4 Contributions of Research  

 This thesis investigated the effects of SNPs in vitamin D-related genes on overall, 

premenopausal and postmenopausal breast cancer risk among European and East Asian women, 

in addition to risk of breast tumour subtypes, as defined by ER, PR and HER2 status, or by ER 

and PR status only. While no association was observed for overall breast cancer risk, this study is 

novel in examining these SNPs in relationship to ER, PR and HER2-defined breast tumour 

subtypes, and our results are suggestive of potential modification of these associations by breast 

tumour subtype. In addition, although many studies have examined modification by ER and PR-

defined tumour subtypes (2, 6, 13-16), our results suggest that etiological heterogeneity still 

exists in these subgroups and that HER2 should also be considered. 

ER, PR and HER2-defined breast tumour subtypes have been recognized as etiologically 

heterogeneous diseases, with distinct risk factors and implications for prognostic and clinical 

outcomes (26, 27). The biological plausibility of potential interactions between SNPs of vitamin 
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D-related genes and breast tumour subtype has been explored in studies of the vitamin D 

pathway and its mechanism of action. Synthesis and signalling of estrogen has been shown to be 

downregulated by vitamin D (28, 29). Increases in serum 25(OH)D levels have been shown to be 

associated with reduced levels of progesterone and estradiol among young women (30). In 

addition, vitamin D may reduce expression of the HER2/neu oncogene by suppressing the 

expression of cyclooxygenase-2, a catalytic enzyme required for synthesis of prostaglandins, 

whose overexpression has been implicated in elevating HER2/neu oncogene expression (31). 

As the Canadian Breast Cancer Study is part of the Breast Cancer Association 

Consortium, the results of our study will eventually be combined with those of over 90 other 

studies across 26 different countries, providing greater power to examine these associations 

across different ethnicities and for more etiologically homogeneous breast tumour subtypes.  

 

6.5 Future Directions 

 The question of whether a protective association exists between vitamin D and breast 

cancer still remains to be answered, emphasizing the need for a large, methodologically-sound 

randomized clinical trial to examine this relationship. The Vitamin D and Omega-3 Trial 

(VITAL) has been initiated to examine the preventative use of vitamin D for cancer, heart 

disease and stroke among over 25,000 participants, and results are pending (32). However, as 

vitamin D may play a role in preventing both the initiation and promotion of tumour 

development (33), full benefits of supplementation may not be observed within the 5-year 

treatment period.  

 With respect to the role of genetic variation of vitamin D-related genes on breast cancer 

risk, future large studies are required to examine these associations. While many studies have 
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been conducted among Caucasian populations and some have been conducted among Asian and 

African-American populations, relationships among other ethnic subgroups have not been 

thoroughly examined. In addition, while there is a considerable body of literature on the four 

VDR restriction fragment length polymorphisms, studies are required to examine other VDR 

SNPs that may play a role in breast tumourigenesis. Larger studies are also required to assess 

heterogeneity by breast tumour subtype, especially for consideration of HER2 status in addition 

to hormone receptor status. As an increasing number of breast cancer molecular subtypes are 

identified with increased ease of tumours genotyping and molecular profiling, studies of 

adequate power are required to assess for potential etiologic differences. 

 Secondly, potential gene-gene and gene-environment interactions may explain 

inconsistencies across different study results and require study, ideally using serum 25(OH)D 

levels to assess solar and dietary exposure to vitamin D. One study found potential interactions 

between polymorphisms in the CYP24A1 gene, which is involved in regulating levels of 

biologically active vitamin D, and serum 25(OH)D levels (2), and it is suggested that various 

components along the vitamin D axis, including serum vitamin D, the vitamin D receptor and the 

vitamin D-binding protein, may interact to influence development of breast cancer (34). In 

addition, dietary factors outside of vitamin D consumption have been suggested to influence 

vitamin D metabolism and may interact with polymorphisms of vitamin D-related genes in 

relation to breast cancer risk (4, 35).   

 Lastly, the functional significance of many of these polymorphisms is unknown, as 

advancements in genotyping have allowed for identification of potential associations of common 

polymorphisms with various diseases, without understanding or knowledge of the functional 

significance of these SNPs. In particular, almost all the vitamin D-related polymorphisms 
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examined in this study are found in non-encoding sections of the gene, or introns, and therefore, 

are unlikely to affect protein structure. While they are speculated to affect binding affinity to 

vitamin D, levels of expression, tissue specificity or temporal pattern of expression (36, 37), the 

exact functionality remains unknown. Understanding of the functional consequences of these 

SNPs will provide insight into the biological mechanism of these genetic variants with respect to 

breast cancer and breast cancer subtype etiology and pathogenesis. 

   

6.6 Conclusions 

 The role of vitamin D in promoting health and preventing disease has been extensively 

explored, although current evidence is still insufficient to characterize its effects on breast cancer 

risk and progression. Genetic variation in vitamin D-related genes are proposed to affect 

signalling along the vitamin D axis, although studies of such variation in relation to breast cancer 

risk have also been inconsistent, and have often examined only a select number of SNPs and 

failed to consider modification by breast tumour subtype. Our relatively large, population-based 

study examined a wide variety of vitamin D-related polymorphisms in relation to not only breast 

cancer, but also to ER, PR and HER2-defined breast tumour subtypes among both European and 

East Asian women. Our study provided limited evidence of an association between SNPs in 

vitamin D-related genes or VDR haplotypes and overall, premenopausal or postmenopausal 

breast cancer risk among Europeans or East Asians, and our results suggest that some 

relationships may be modified by tumour receptor status among European women. Specifically, 

certain SNPs of the VDR gene were found to be more strongly associated with ER-/PR-/HER2+ 

breast tumours and heterogeneity by tumour subtype supports the evidence suggesting that these 

breast cancer subtypes identified through molecular profiling represent etiologically 
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heterogeneous disease states. However, further studies are required to validate these findings and 

enhance our understanding of breast cancer genetic susceptibility factors. 
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Appendix A: Study Questionnaire 

 

 

 

STUDY OF ENVIRONMENT, GENES AND BREAST 

HEALTH  

RESEARCH QUESTIONNAIRE 

 

This questionnaire is part of a research study to understand the 

relationship between a woman’s environment, her genes and breast health. 

The specific objectives are to investigate the association between exposure 

to certain environmental factors, including fossil fuels from vehicle 

exhaust, and light exposure at night, and breast diseases. We also wish to 

determine if some women are more genetically susceptible to exposures that 

would put them at higher risk for breast diseases. 

Please prepare answers to the following questions to the best of your 

ability. If you choose to respond by telephone, we expect that it will take 

approximately one hour to collect your answers. If you are able to prepare 

your answers ahead of time, the interview should take less time. 

Alternatively, you may return this completed questionnaire by mail in the 

prepaid envelope provided. 

The answers that you share with us will be strictly confidential and 

identified by an encrypted code, known by selected members of our 

research team only. Your honesty is important for the success of this 

research, and any answer is better than no answer. 

 

We appreciate your cooperation tremendously.  

Thank you! 
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GENERAL INFORMATION 

 

Please answer each question as completely as possible.  If you are unsure of an exact 

answer,  

give your best estimate. 

 

 

 

Today’s Date:                                 

 Month  / day  / year 

             

 

 

1. When were you born?                                 

                     Month  / day  / year 

 

2. What is the highest grade of school you have completed? 

 Some elementary (grade) school   

 Completed elementary (grade) school 

 Some secondary (high) school     

 Completed secondary (high) school 

 Trade certificate or diploma from a vocational school or apprenticeship training 

  

 Certificate or diploma from a community college or CEGEP 

 University degree (bachelor’s degree) 

 Graduate or professional school degree (above bachelor’s degree) 

 

 

3. What is your current employment status? 

  employed (full-time)  homemaker 

 employed (part-time)  student 

 self-employed (full-time)  retired 

 self-employed (part-time)  unemployed 

 

 

4. Were you born in Canada?    Yes    

   No, I was born in  

____________________________ 
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GENERAL INFORMATION (Cont’d) 

 
  

5. How would you best describe you and your grandparent’s race, ethnicity or colour? 

Please specify as many as applicable: 
 

Race, ethnicity or 

colour 

Yourself Your 

Maternal 

Grandmother 

Your 

Maternal 

Grandfather 

Your 

Paternal 

Grandmother 

Your 

Paternal 

Grandfather 

White 

 

 

     

Chinese 

 

 

     

South Asian (e.g. 

East  

Indian, Pakistani, 

Punjabi, Sri Lankan) 

     

Black 

 

 

     

Native/Aboriginal 

peoples  

of North America 

 

     

Arab/West Asian 

(e.g. Armenian, 

Egyptian, Iranian, 

Lebanese, Moroccan) 

     

Filipino 

 

 

     

South East Asian 

(e.g. Cambodian, 

Indonesian,  

Laotian, Vietnamese) 

     

Latin America 

 

 

     

Japanese 

 

 

     

Korean 

 

 

     

Other (Specify) 
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HEALTH AND MEDICAL BACKGROUND 

 
6. What is your height?    (feet  and inches)   or                  (cm) 

7. What is your current weight?  ______ (lbs) or      (kg) 

8. a) What was your weight 2 years ago?   (lbs) or    (kg) 

 b) What was your weight when you were 25 years old?  (lbs) or           (kg) 

9. Not including pregnancy, what is the most you have weighed?          (lbs) or      (kg)   

10. How old were you when you had your first menstrual period?    years of age   

  Have never menstruated (go to question #13) 

11. Are you still menstruating?  

 Yes  (go to question #14)   

 No     

          How many years has it been since your last menstrual period? ______ years 

12. How did your menstrual periods stop? 

   Naturally (through onset of menopause) 

   As a result of a hysterectomy 

   As a result of radiation or chemotherapy 

   Other – please specify: ____________________________________    

13. Have you ever had a hysterectomy (that is, an operation to remove the womb/uterus)? 

    No 

    Yes - at what age?    years 

14. Have you ever had an oopherectomy (that is, an operation to remove one or both of your 

ovaries which is sometimes done at the same time as removal of the womb/uterus)? 

   No          

   Yes, one ovary removed:   →   at what age?   years     

   Yes, second or both ovaries removed:   →  at what age?       years 

   Don’t know 

15. Have you ever had a tubal ligation (that is, sterilization by having your “tubes tied”)? 

    No 

    Yes - at what age?     Years 
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HEALTH AND MEDICAL BACKGROUND 
 

16. Have you ever taken fertility drugs (e.g. Clomiphene, Clomid, Serophene, etc.) 

  No (go to question #17) 

  Yes   

      ↓ 

 Please provide details.  If you don’t remember the name, fill in the type, date 

started, date stopped and duration if possible.  If you don’t remember the month, 

please fill in the year. In calculating total duration, please include only the time 

periods that you used the specific medication. 
 

Brand Name Medication 

Type 

Date Started 

(Month-

Year) 

Date Stopped 

(Month-Year) 

Total 

Duration 

Example: 

Clomiphene 

 

Pill 

 

Sept-1999 

 

Oct-2002 

 

3 yrs 

 

 

 

 

  

 

 

    

 

 

    

     

 

17. Have you ever taken prescribed birth control medication for birth control or any 

other medical reason for 6 months or more? (e.g. Norplant, Norinyl, Demulen, 

Depo-Provera, Tri-Cyclen, Alesse, etc.) 

  No (go to question #18) 

  Yes   

      ↓ 

 Please provide details.  If you don’t remember the name, fill in the type, date 

started, date stopped and duration if possible.  If you don’t remember the month, 

please fill in the year. In calculating total duration, please include only the time 

periods that you used the specific medication. 

 

  

 Brand 

Name 

Medication Type Date Started 

(Month-

Year) 

Date Stopped 

(Month-Year) 

Total Duration 

Example: 

Norinyl 

 

Pill 

 

Sept-1990 

 

Oct-1998 

 

8 yrs 
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HEALTH AND MEDICAL BACKGROUND (Cont’d) 

 

18. Have you ever been prescribed antidepressants? (e.g. Fluoxetine (sold as Prozac), 

Nortriptyline (sold as Allegron), etc.) 

  No (go to question #19) 

  Yes   

      ↓ 

 Please provide details.  If you don’t remember the name, fill in the type, strength, 

date started, date stopped and duration if possible.  If you don’t remember the 

month, please fill in the year. In calculating total duration, please include only the 

time periods that you used the specific medication. 

Brand Name Medication 

Type 

Strength 

(milligrams) 

Date Started 

(Month-Year) 

Date Stopped 

(Month-Year) 

Total 

Duration 

Example: 

Prozac 

 

Pill 

 

20 

 

Nov-1990 

 

Feb-1994 

 

4 yrs 

 

 

     

 

19. Have you ever taken aspirin, ibuprofen or other nonsteroidal anti-inflammatory 

(NSAIDs) pain medication or tylenol or other acetaminophen pain medication for at 

least once per week for 6 months or longer? 

  No (go to question #20) 

  Yes   

      ↓ 

 Please provide details.  If you don’t remember the name, fill in the type, strength, 

number of tablets per week, date started, date stopped and duration if possible.  If 

you don’t remember the month, please fill in the year. In calculating total duration, 

please include only the time periods that you used the specific medication. 

Brand Name Medication 

Type 

Strength 

(mg) 

Number of 

Tablets/Week 

Date 

Started 

Date 

Stopped 

Total 

Duration 

Example: 

Tylenol 
Pill 200 28 Jan-1995 Nov-1995 11 months 
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HEALTH AND MEDICAL BACKGROUND (Cont’d) 
 

20. Have ever taken any type of female replacement hormones (presently known as 

hormone therapy or HT and previously called hormone replacement therapy or 

HRT? (e.g. Estrace, Premarin, etc.) 

  Yes    No (go to question# 22) 

      ↓ 

 Please provide details.  If you don’t remember the name, fill in the type, date 

started, date stopped and duration if possible.  In calculating total duration, please 

include only the time periods that you used the specific medication. 
 

 Medication Type Date  

Brand 

Name 

 

Indicate if 

estrogen and/or 

progesterone 

Indicate method 

of use  

(oral, patch, 

etc.) 

Started 

  (Month-

Year) 

Stopped 

(Month-

Year) 
Total Duration 

Example: 

Premarin 

 

Estrogen only 

 

Oral 

 

Feb-1963 

 

Mar-1995 

 

29 yrs 

 

 

     

21. Are you currently taking any type of hormone therapy or HT (e.g. Estrase, Premarin, 

etc.)? 

  Yes    No 
 

 The following questions are about screening for breast disease. 

22. Have you ever had a mammogram (i.e. a breast x-ray)? 

  Yes    No (go to question #23) 

      ↓  

 How old were you the first time you went for a mammogram?                  years 

 What was the reason?    

  

 How many times have you had a mammogram since the first time? ___________   

 When was the last time? (i.e. 6 months ago? 5 or more years ago?) ___________ 
   

23. Have you ever examined your own breasts for lumps? 

  Yes    No (go to question #24) 

      ↓  

 How old were you when you first started? ________ years            

          How often do you examine your breasts for lumps?  

   Weekly               Monthly             Quarterly (every 3 months)        Yearly         

        Bi-weekly           Bi-monthly         Twice per year                           Unsure    
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HEALTH AND MEDICAL BACKGROUND (Cont’d) 

 

24. These questions are about breast lumps or cysts that you had more than a year 

ago. 

 

Left breast Right breast 

Have you ever had a lump or cyst in 

your breast? (if no to both left and 

right breast, go to question #25) 

Yes  

No  

Yes  

No  

How old were you when the first 

lump/cyst appeared? 

 

Age____________ 

   (years) 

 

Age____________ 

   (years) 

Did you have any of the lumps/cysts 

examined by a doctor? 
Yes  

No  

Yes  

No  

Did you have a biopsy or fine needle 

aspiration for any of the lumps/cysts? 
Yes  

No  

Yes  

No  

Did a doctor diagnose any of the 

lumps/cysts as breast cancer? 
Yes  

No   

Yes  

No  
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PREGNANCY 

 

25. Have you ever been pregnant? (include live births, still births, miscarriages and 

abortions)   

  Yes   No (go to question #26) 

   

  

 What is the total number of pregnancies? (include live births, still births, 

miscarriages and abortions)  _____   __   

  

 Please fill in the following information for each of your pregnancies: 

     

 Age at 

beginning 

Outcome Weeks 

pregnancy  

Number of months 

 of  pregnancy 

(years) 

 lasted 

(weeks) 

breast feeding 

        Not applicable 

1st        Single live 

birth 

       Did not breast 

feed 

Pregnancy        Multiple live 

births 

       1 - 2 months 

        Stillbirth        3 - 4 months 

        Miscarriage        5 - 6 months 

       Abortion        7 – 12  months 

              >12  months 

 

 Age at 

beginning 

Outcome Weeks 

pregnancy  

Number of months 

 of  pregnancy 

(years) 

 lasted 

(weeks) 

breast feeding 

        Not applicable 

2nd        Single live birth        Did not breast 

feed 

Pregnancy        Multiple live 

births 

       1 - 2 months 

        Stillbirth        3 - 4 months 

        Miscarriage        5 - 6 months 

       Abortion        7 – 12  months 

              >12  months 
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 Age at 

beginning 

Outcome Weeks 

pregnancy  

Number of months 

 of  pregnancy 

(years) 

 lasted 

(weeks) 

breast feeding 

        Not applicable 

3rd        Single live birth        Did not breast 

feed 

Pregnancy        Multiple live 

births 

       1 - 2 months 

        Stillbirth        3 - 4 months 

        Miscarriage        5 - 6 months 

       Abortion        7 – 12  months 

              >12  months 

 

Note: If more than 3 pregnancies, please use an additional page or the blank space on 

the following page. The interviewer will inquire about more, if applicable. 
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FAMILY 

 

The next six questions will be asking about your family members and their history of 

cancer.  

 

The first five questions (#26 - #30) are about your: 

 parents  

 full brothers  

 full sisters 

 children.  

(A full sibling is one who has both the same mother and father as you.)   

 

The sixth question (#31) concerns your other relatives and their history of cancer.   

 

Please do not include relatives who joined your family by marriage or adoption.   

 

Please answer the following questions to the best of your knowledge and complete the 

next 3 pages attached here for all relatives in each of the listed categories – regardless of 

whether they have or had cancer, they’re alive, or you haven’t seen or spoken to them for 

a while. 

 

 

26. How many full brothers do you have? _______________  

 

27. How many full sisters do you have? _______________  

 

28. How many children do you have? _____________      

a. Number of sons?  ______________ 

b. Number of daughters?  ______________ 
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FAMILY (Cont’d) 
 

29. Please answer the following questions about your parents and siblings. 
 

Relative Year of 

birth 

Have they ever 

been diagnosed 

with cancer? 

Type(s) of cancer Year of 

diagnosis 

Are they alive? If they’re 

deceased, 

what year 

did they die? 

If you’re not sure 

they’re alive, 

what year did 

you last hear 

from (or hear of) 

them? 

Mother 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

Father 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

Full Sister 1 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

Full Sister 2 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

 

 

       

Full Brother 

1 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

Full Brother 

2 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 
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FAMILY (Cont’d) 

 
30. This question is about your children.   Please provide details on each of them. 

 
Relative Year 

of 

birth 

Have they ever 

been diagnosed 

with cancer? 

Type(s) of cancer Year of 

diagnosi

s 

Are they alive? If they’re 

deceased, 

what year 

did they 

die? 

If you’re not 

sure they’re 

alive, what year 

did you last 

hear from (or 

hear of) them? 

Son 1 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

Son 2 

 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

 

 

       

 

Daughter 1 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 

  

 

Daughter 2 

  Yes      No  

 Don’t know 

   Yes      No  

 Don’t know 
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FAMILY (Cont’d) 

  

31. This question is asking if your father’s parents, mother’s parents, uncles, aunts, half-brothers, half-sisters, 

nephews or nieces have ever had cancer.  (A half-sibling is a brother or sister who has the same mother or father as you, 

but the other parent is different) 
 

Are you aware of any such family members who have been diagnosed with cancer?   Yes  No 
 

If yes, please provide details on each of these relatives and whether they come from your mother’s or father’s side of 

your family. 

         Please do not include relatives who joined your family by marriage or adoption.   
 

 

Relative Mother’s 

Side 

Father’s 

Side 

Year of 

Birth 

Year of 

Cancer 

Diagnosis 

Type of Cancer 
If deceased, 

year of 

death 
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LIFESTYLE HABITS (TOBACCO and ALCOHOL) 

 
 

32. Have you ever smoked more than 100 cigarettes in your lifetime? 

  Yes   No (go to question #37) 

33. How old were you when you STARTED smoking? _________ years of age 

 

34. Are you currently smoking? 

  Yes  No - If no, at what age did you quit?    years 

 

35. How many years in total have you smoked cigarettes? (excluding the years that you quit)               

    years 

 

36. For the entire time you smoked, on average, how many cigarettes a day did you usually 

smoke?  

              ___ cigarettes/day  OR      cigarettes/week 

 

37. This question asks about your family’s smoking habits when you were 19 or younger. 

FAMILY’S SMOKING HABITS 
FATHER / 

GUARDIAN 

MOTHER / 

GUARDIAN 

OTHER 

MEMBER 

Did your parent(s) or other 

household member(s) ever smoke 

in your presence when you were 19 

or younger? (go to question #38  if 

“no” for all) 

      Yes 

      No 

      Yes 

      No 

      Yes 

      No 

For the entire time that s/he 

smoked, on average, how many 

cigarettes a day did s/he usually 

smoke? (cigarettes/day) 

 

_____ 

cigarettes/day 

 

_____ 

cigarettes/day 

 

_____ 

cigarettes/day 

What age were you when first 

exposed to your father’s &/or 

mother’s tobacco smoke? (years) 

 

______ years 

old 

 

______ years old 

 

______ years old 

What age were you when no longer 

exposed to your father’s &/or 

mother’s tobacco smoke?  (years) 

 

______ years 

old 

 

______ years old 

 

______ years old 

 

38. During this time period (19 or younger), on average, how many hours per week were you 

exposed to someone else’s tobacco smoke? 

 Hours per week exposed to “second-hand” tobacco smoke 

 0 <1 1-2 3-4 5-6 7-9 >9 

Age: 19 years and 

younger 
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LIFESTYLE HABITS (TOBACCO and ALCOHOL) 

 

39. In the past (during different decades of your life), on average, how many hours per week, 

outside of the workplace, were you exposed to someone else’s tobacco smoke? 

 Hours per week exposed to “second-hand” tobacco smoke 

Age (decades) 0 <1 1-2 3-4 5-6 7-9 >9 

20-29 years        

30-39 years        

40-49 years        

50-59 years        

2 years ago (if 

>60) 

       

 

40. This question asks about your alcohol consumption habits.   

  Beer Wine Spirits 

Have you ever drank the following more than 

twice a year? (if “no” to all 3, i.e.  beer, wine 
and spirits, go to question #41) 

Yes 

No 

 

 

 

 

 

 

On average, how many drinks per week did you consume during different decades of your life?  

One drink=1 glass of wine or 1 bottle of beer or 1 oz of spirits 

 

Teens (15-19)? 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 

 

 

 

20-29 years 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 

 

 

 

30-39 years 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 

 

 

 

40-49 years 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 

 

 

 

50-59 years 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 
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2 years ago (if over 60 years of age) 
Drinks/week OR 

< 1 time/month  

Never 

___per 

wk 

 

 

___per 

wk 

 

 

___per 

wk 
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LIFESTYLE HABITS (PHYSICAL ACTIVITY - HOUSEHOLD)  

 

The next question (#41) refers to the frequency, duration and intensity of household activities.  

The minimum number of hours for household activity to be included is: 

 2 hours per week, per year, or 

 7 hours per week for 4 months, if seasonal 

Household activities (housework, yard work and home repair) 

The three categories of physical intensity level for household activities are: 

Light: Activities that require minimal physical effort such as: 

 Home Activities (sweeping, vacuuming, dusting, washing dishes, cooking, food preparation standing or sitting, 

putting away groceries, shopping, ironing, laundry) 

 Home Repair (automobile repair, wiring, plumbing, carpentry, workshop) 

 Lawn and Garden (watering lawn, fertilizing or seeding lawn, standing or walking in garden, mowing lawn on a 

rider mower) 

Moderate: Activities that are not exhausting, that increase the heart rate slightly and may cause some light perspiration such as: 

 Home Activities (general house cleaning, food shopping with grocery cart, standing packing/unpacking boxes, 

occasional lifting of household items, child care – light effort) 

 Home Repair (automobile body work, finishing or refinishing cabinets or furniture, caulking, laying tile or carpet, 

painting, papering, plastering, scraping, sanding floors, washing/waxing/painting a car or boat, washing fence). 

 Lawn and Garden (mowing lawn by walking with a power mower, trimming shrubs or trees, operating a snow 

blower, planting seedlings, shrubs, trees, weeding, cultivating a garden, general gardening, sacking leaves, grass). 

Heavy: Activities that increase the heart rate and cause heavy sweating such as: 

 Home Activities (major cleaning e.g. wash car, windows, mop, clean garage, sweeping sidewalk, scrubbing floors 

vigorous effort, moving household items, furniture, boxes), child care – moderate to heavy effort (e.g. walk/run-

playing with children). 

 Home Repair (outside carpentry, installing gutters, roofing, sawing hardwood, spreading dirt with a shovel, painting 

outside house). 

 Lawn and Garden (carrying, stacking wood, lumber, chopping wood, splitting logs, clearing land, hauling branches, 

digging, spading, filling garden, laying sod, rock, mowing lawn with a push mower, shoveling snow by hand). 
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LIFESTYLE HABITS (PHYSICAL ACTIVITY - HOUSEHOLD)  

 

41. Please report household activities (housework, yard work and home repair) that you have done over your lifetime. It may help you to 

consider what a typical day is for you. Then think about how many hours of household and gardening or yard work you do in a typical 

day. Sedentary activities like sewing or bookkeeping are not included. You may list activities individually or group them as in the 

examples listed on page 15. 

No

. 

Description of 

Household Activity 

Age 

Started 

Age 

Ended 

Frequency of Activity Time per 

activity 

Intensity of Household 

Activity* (Please check one for 

each activity) Days 

/week 

Weeks  

/month 

Month

s /year 

Years Hours Minute

s 

eg.

1 
Home Activities 12 18 3 4 12 6 1   Light    Moderate    Heavy 

eg.

2 
Childcare 24 32 7 4 12 8 10   Light    Moderate    Heavy 

1 
          Light    Moderate    

Heavy 

2 
          Light    Moderate    

Heavy 

3 
          Light    Moderate    

Heavy 

4 
          Light    Moderate    

Heavy 

5 
          Light    Moderate    

Heavy 

6 
          Light    Moderate    

Heavy 

7 
          Light    Moderate    

Heavy 

8 
          Light    Moderate    

Heavy 

9 
          Light    Moderate    

Heavy 

* For definition of Intensity of household activity, please see list on previous page.  

* Intensity of household activities defined as: 

Light  =  activities that require minimal effort, 

Moderate  =  activities that are not exhausting, that increase the heart rate slightly and that may cause some light perspiration, 

Heavy  =  activities that increase the heart rate and cause heavy sweating. 
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LIFESTYLE HABITS (PHYSICAL ACTIVITY – SPORTS AND EXERCISE)  

 

The next question (#42) refers to the frequency, duration and intensity of exercise and sports activities.  

 

The minimum number of hours for an exercise and sports activity to be included is: 

 32 hours total per year, or 

 40 minutes per week, per year, or 

 2 hours per week for 4 months, if seasonal 

The three categories of physical intensity level for exercise and sports activities are: 

Light:  Activities that require minimal physical effort such as those activities that are done standing or with slow walking 

Moderate: Activities that are not exhausting, that increase the heart rate slightly and may cause some light perspiration 

Heavy: Activities that increase the heart rate and cause heavy sweating. 

 

If you have multiple episodes of the same activity over the years, record each episode separately. If there is a change in the frequency (months or 

days) or duration (hours) of the activity without actually discontinuing the activity for a certain length of time, a new line should be started 

because of the change in pattern. 

 

An example of how to work with the table: 

Activities: 

from 8 yrs to 16 yrs played soccer- 1.5 hours per day, 2 days per week, 4 weeks per month, 4 months per year 

from 25 yrs to 29 yrs played soccer - 2 hours per day, 2 days per week, 4 weeks per month, 8 months per year 

from 18 to 49 played golf - 3 hours per day, 1 day per week, 4 weeks per month, 4 months per year 

 
No. Description 

of Exercise / 

Sports 

Activity 

Age 

Start 

Age 

End 

Frequency of Activity Time per activity Intensity of Leisure Activity* (Please 

check one for each activity) 

Days 

/week 

Weeks  

/month 

Months 

/year 

Years Hours Minutes 

1 Soccer 8 16 2 4 4 8 1 30  Light    Moderate    Heavy 

2 Soccer 25 29 2 4 8 4 2   Light    Moderate    Heavy 

3 Golf 18 49 1 4 4 31 3   Light    Moderate    Heavy 
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LIFESTYLE HABITS (PHYSICAL ACTIVITY – SPORTS AND EXERCISE) (Cont’d) 

 

42. This question asks about exercise or sports activities that you did during your lifetime starting with childhood. Please report the activities 

that you have done at least 2 hours per week for at least 4 months of the year. Please begin by entering the activities that you did during 

your school years. 

No

. 

Description of 

Exercise/Sports 

Activity 

Age 

Starte

d 

Age 

Ended 

Frequency of Activity Time per activity Intensity of Leisure Activity* 

(Please check one for each activity) 

Days 

/wee

k 

Weeks  

/month 

Months 

/year 

Years Hours Minutes 

eg. Soccer 9 18 3 4 4 9 1   Light    Moderate    Heavy 

1 
 

 

        
 Light    Moderate    Heavy 

2 
 

 

        
 Light    Moderate    Heavy 

3 
 

 

        
 Light    Moderate    Heavy 

4 
 

 

        
 Light    Moderate    Heavy 

5 
 

 

        
 Light    Moderate    Heavy 

6 
 

 

        
 Light    Moderate    Heavy 

7 
 

 

        
 Light    Moderate    Heavy 

8 
 

 

        
 Light    Moderate    Heavy 

9 
 

 

        
 Light    Moderate    Heavy 

* Intensity of exercise/sports activity defined as: 

Light  =  activities that require minimal effort, 

Moderate  =  activities that are not exhausting, that increase the heart rate slightly and that may cause some light perspiration, 

Heavy  =  activities that increase the heart rate and cause heavy sweating.
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LIFESTYLE HABITS (SMOKED/GRILLED FOODS) 

 

43. During different decades of your life, how often did you usually eat meat or fish that had been 

smoked or that had a strong smoky taste? 

Age (decades) Times/week 

OR 

Times/month 

OR 

Times/year 

OR 

Never/Almost 

never 

Teen’s (12-

19) 
    

20-29 years     

30-39 years     

40-49 years     

50-59 years     

2 years ago     

44. During different decades of your life, how often did you usually eat pickles or other pickled 

foods? 

Age (decades) Times/week 

OR 

Times/month 

OR 

Times/year 

OR 

Never/Almost 

never 

Teen’s (12-

19) 

   
 

20-29 years    
 

30-39 years    
 

40-49 years    
 

50-59 years    
 

2 years ago    
 

45. During different decades of your life, how often did you usually eat charcoal-grilled foods in 

the summer? 

Age 

(decades) 

Times/week 

OR 

Times/month 

OR 

Times/year OR Never/Almost 

never 

Teen’s (12-

19) 

   
 

20-29 years    
 

30-39 years    
 

40-49 years    
 

50-59 years    
 

2 years ago    
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46. During different decades of your life, how often did you usually eat charcoal-grilled foods 

in the winter? 

Age 

(decades) 

Times/week 

OR 

Times/month 

OR 

Times/year 

OR 

Never/Almost 

never 

Teen’s (12-

19) 

   
 

20-29 years     

30-39 years     

40-49 years     

50-59 years     

2 years ago     

 
  



 

148 

 

 

 

 

 

Congratulations!! 

 

 

You are over halfway there!! 

 

 

 

 
 

 

The next portion of the questionnaire relates to 

residential and occupational history. Please take a 

moment to stretch your legs and pour a cup of tea if 

you wish before beginning this section. 

  

… and please also remember that by completing this 

questionnaire you are contributing to very important 

research and your generous gift of time is very much 

appreciated! 

 

 

 

 

 

 



149 

RESIDENTIAL HISTORY (GENERAL) 

47. Please list the addresses in which you have lived for 1 year or more, throughout your lifetime, ending with your current address.  

We understand that it may be difficult to recall detailed information for all residences throughout your lifetime and would appreciate it 

if you would enter as much information as you are able.  
 

 What was the address of the (first/next) place you lived in for 1 year or more? (If 

residence is outside of Canada, city and country will be fine) 

What year did 

you start living 

there? 

What year did 

you move from 

there? 

How many years 

did (have) you lived 

there? 

Type of 

Residence? 

 

1st 

 

__________________________________________________________ 

Street, apt #                                                        City/Town 

 

__________________________________________________________Province 

(or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

2nd 

 

__________________________________________________________ 

Street, apt #                                                        City/Town 

 

__________________________________________________________Province 

(or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

3rd 

 

__________________________________________________________ 

Street, apt #                                                        City/Town 

 

__________________________________________________________Province 

(or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

4th 

 

__________________________________________________________ 

Street, apt #                                                        City/Town 

 

__________________________________________________________Province 

(or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

5th 

 

__________________________________________________________ 

Street, apt #                                                        City/Town 

 

__________________________________________________________Province 

(or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

____________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 
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RESIDENTIAL HISTORY (GENERAL) 

47. (Cont’d) 

 What was the address of the (first/next) place you lived in for 1 year or more? (If 

residence is outside of Canada, city and country will be fine) 

What year did you 

start living there? 

What year did 

you move from 

there? 

How many years did 

(have) you lived 

there? 

Type of 

Residence? 

 

6th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

7th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

8th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

9th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

10th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

____________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 
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RESIDENTIAL HISTORY (GENERAL) 
 

If more than 10 residences apply, please continue: 

47. (Cont’d) 

 What was the address of the (first/next) place you lived in for 1 year or more? (If 

residence is outside of Canada, city and country will be fine) 

What year did you 

start living there? 

What year did 

you move from 

there? 

How many years did 

(have) you lived 

there? 

Type of 

Residence? 

 

11th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

12th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

13th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

14th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

15th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

____________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 
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47. (Cont’d) 

 What was the address of the (first/next) place you lived in for 1 year or more? (If 

residence is outside of Canada, city and country will be fine) 

What year did you 

start living there? 

What year did 

you move from 

there? 

How many years did 

(have) you lived 

there? 

Type of 

Residence? 

 

16th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

17th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

__________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

18th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

19th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

___________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 

 

20th 

 

____________________________________________________________________ 

Street, apt #                                                        City/Town 

 

____________________________________________________________________

Province (or Country if outside Canada)           Postal code 

 

 

____________ 

Date 

 

 

____________ 

Date 

 

 

_________ 

Years 

 City 

 Suburb 

 Town 

 Rural 

 Other 
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RESIDENTIAL HISTORY (SOURCES OF ENERGY) 

 

48. Now I would like to know about the sources of energy available at each of these residences (place a check mark in those 

boxes that apply). 

   1st Res 2nd Res 3rd Res 4th Res 5th Res 6th Res 7th Res 8th Res 9th Res 10th Res 

A What is (was) the major 

source of energy for the oven 

or appliance used for 

cooking at this address? 

Electricity?           

Natural gas?           

Wood fire?           

Other? (Please 
specify) 

          

Not sure?           

B What is (was) the major 
source of energy for the 

furnace or the major source 

of heat at this address? 

Electricity?           

Natural gas?           

Oil?           

Fireplace?           

Wood/Gas Stove?           

Other? (Please 

specify) 

          

Not sure?           

C If answer to B was fireplace 

or wood/gas stove, what 

materials did you usually 
burn?  

Wood?           

Coal?           

Gas?           

Other? (Please 
specify) 

          

Not sure?           

D If you use(d) a fireplace or 
wood/gas stove for additional 

heat or other purpose at this 

address, what materials did 
you usually burn? (Check all 

that apply) 

Wood?           

Coal?           

Gas?           

Synthetic logs?           

Other? (Please 

specify) 

          

Not sure?           
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RESIDENTIAL HISTORY (SOURCES OF ENERGY) 

If more than 10 residences apply, please continue: 

48. (Cont’d)     
   11th Res 12th Res 13th Res 14th Res 15th Res 16th Res 17th Res 18th Res 19th Res 20th  Res 

A What is (was) the major 

source of energy for the oven 
or appliance used for 

cooking at this address? 

Electricity?           

Natural gas?           

Wood fire?           

Other? (Please 

specify) 

          

Not sure?           

B What is (was) the major 

source of energy for the 

furnace or the major source 
of heat at this address? 

Electricity?           

Natural gas?           

Oil?           

Fireplace?           

Wood/Gas Stove?           

Other? (Please 
specify) 

          

Not sure?           

C If answer to B was fireplace 

or wood/gas stove, what 

materials did you usually 
burn?  

Wood?           

Coal?           

Gas?           

Other? (Please 

specify) 

          

Not sure?           

D If you use(d) a fireplace or 

wood/gas stove for 
additional heat or other 

purpose at this address, what 

materials did you usually 
burn? (Check all that apply) 

Wood?           

Coal?           

Gas?           

Synthetic logs?           

Other? (Please 

specify) 

          

Not sure?           

Note: If more than 20 residences, please note this information on the additional page. Interviewer will inquire about more residences, if applicable. 
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RESIDENTIAL HISTORY (GENERAL ENVIRONMENT) 

 

 

49. Now I would like to know a little about the indoor and outdoor environment of each of these residences. Place a check 

mark in those boxes that apply.   

 Please check here if these options do not apply to any of your residences 

 

  Note: If more than 20 residences, please note this information on the additional page. Interviewer will inquire about more 

residences, if applicable. 

OUTDOOR ENVIRONMENT 

Were any of these residences situated within one kilometer (~6 blocks) of: 

 1st Res 2nd Res 3rd Res 4th Res 5th Res 6th Res 7th Res 8th Res 9th Res 10th Res 

An airport?           

A railroad?           

An industrial site?           

A multi-lane highway (two 

lanes or more)? 

          

 

If more than 10 residences, please continue: 

 11th Res 12th Res 13th Res 14th Res 15th Res 16th Res 17th Res 18th Res 19th Res 20th Res 

An airport?           

A railroad?           

An industrial site?           

A multi-lane highway (two 

lanes or more)? 
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RESIDENTIAL HISTORY (INDOOR ENVIRONMENT)  

 
50. Which best describes the ambient light in your bedroom, when you were sleeping at each of these residences? 

 

Dark=could not see hand in front of face or wore a mask in bed 

Medium=could see to the end of the bed  

Light=could almost read without a light 

 1st Res 2nd Res 3rd Res 4th Res 5th Res 6th Res 7th Res 8th Res 9th Res 10th Res 

Ambient light 

in bedroom at 

each residence 

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

If more than 10 residences, please continue: 

 11th Res 12th Res 13th Res 14th Res 15th Res 16th Res 17th Res 18th Res 19th Res 20th Res 

Ambient light in 

bedroom at each 

residence 

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

Dark  

Med  

Light   

 

Note: If more than 20 residences, please note this information on the additional page. Interviewer will inquire about more 

residences, if applicable. 
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51. Now I would like to know about your usual sleeping habits throughout different decades of your life.     
 

12 - 19 20- 29 30 - 39 40 - 49 50 - 59 
In the last 

2 years 

Average time the lights were turned 

off for bed 
      

Average time when you woke-up       

If sleep was interrupted, were lights 

usually turned on? 
 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

Were lights usually turned on for more 

than 1 hour? 
 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 

 YES 

  NO 
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EMPLOYMENT HISTORY 

52. Please tell us about EACH job or occupation you had for at least 6 months, including volunteer and military service, but not including schooling or 

homemaker.  Include only seasonal or part-time work that is equivalent to 6 months or more.  Begin with your most recent job and continue back to your 

first job.  Include any absences from the work force and jobs you have done outside of Canada. 

Job 

No. 

Time Period Type of Industry, 

Business or Service 

 

 

 

Company Name and Location Job Title Rate of Intensity* 

(Please check one for each job) Start 

(Month-

Year) 

End 

(Month-

Year) 

Eg. Nov-1993 Feb-2003 Hairdressing Suki's Hair Salon, Vancouver, BC Colour Specialist 
 Sedentary Moderate 

 Light  Heavy 

1     
 

 Sedentary Moderate 

 Light  Heavy 

2     
 

 Sedentary Moderate 

 Light  Heavy 

3     
 

 Sedentary Moderate 

 Light  Heavy 

4 
    

 
 Sedentary Moderate 

 Light  Heavy 

5    

 

 

 
 Sedentary Moderate 

 Light  Heavy 

* Intensity of job or occupation defined as: 

Sedentary = work that involves sitting only, with minimal walking, 

Light = work that involves minimal physical effort such as standing and slow walking with no increase in heart rate and no perspiration, 

Moderate =work that is not exhausting, that increases the heart rate slightly and may cause some light perspiration, such as those that require carrying    light loads (5-10 

lbs) or that have continuous walking, 

Heavy = work that is vigorous, increases the heart rate substantially and causes heavy sweating such as those that involve lifting, carrying heavy loads (>10 lbs), brisk 

walking, or climbing. 

Note: Space for more jobs is on the next page. 
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EMPLOYMENT HISTORY (Cont’d) 

52. (Cont’d)  Note: If more than 12 jobs, please use an additional page. Interviewer will inquire about more jobs, if applicable. 

Job 

No. 

Time Period Type of Industry, 

Business or Service 

 

 

 

Company Name and Location Job Title Rate of Intensity* 

(Please check one for each job) Start 

(Month-

Year) 

End 

(Month-

Year) 

6       Sedentary  Moderate 

 Light  Heavy 

7     
  Sedentary  Moderate 

 Light  Heavy 

8       Sedentary  Moderate 

 Light  Heavy 

9     
 

 Sedentary  Moderate 

 Light  Heavy 

10 
    

 
 Sedentary  Moderate 

 Light  Heavy 

11    

 

 

 
 Sedentary  Moderate 

 Light  Heavy 

12     
 

 Sedentary  Moderate 

 Light  Heavy 

* Intensity of job or occupation defined as: 

Sedentary = work that involves sitting only, with minimal walking, 

Light = work that involves minimal physical effort such as standing and slow walking with no increase in heart rate and no perspiration, 

Moderate =work that is not exhausting, that increases the heart rate slightly and may cause some light perspiration, such as those that require carrying    

light loads (5-10 lbs) or that have continuous walking, 

Heavy = work that is vigorous, increases the heart rate substantially and causes heavy sweating such as those that involve lifting, carrying heavy loads 

(>10 lbs), brisk walking, or climbing.
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EMPLOYMENT HISTORY (Cont’d) 

53. Please tell us about the corresponding work shift for each job you listed 

Job 

No. 

Average number of 

hours worked per 

week 

Percentage of time worked at each shift Usual hours worked at each shift 

Day shifts Evening 

shifts 

Late-night shifts 

(work through 

midnight) 

Day shifts Evening shifts Late-night shifts 

Start End Start End Start End 

eg. 35 80% 20%  10:00 am 5:30 pm 5:30 pm 9:00 pm 
 

 
 

1 
          

2 
          

3 
          

4 
          

5 
          

6 
          

7 
          

8 
          

9 
          

10 
          

11 
          

12 
          

 

Note: If more than 12 jobs, please use an additional page. Interviewer will inquire about more jobs, if applicable.
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EMPLOYMENT HISTORY (Cont’d) 

 

54. Please tell us about the corresponding exposures to passive smoking and engine 

exhausts for each job you listed. In addition, could you tell us the mode of transport 

used to commute to each job listed 

Job 

No. 

At this job, on 

average, about 

how many people 

around you 

smoked? 

While on this job, 

did you ever work 

near diesel engines 

or other types of 

engines? 

While on this job, 

did you ever smell 

diesel exhaust or 

other types of engine 

exhaust? 

How did you usually commute to this 

job?   

1 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

2 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

3 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

4 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

5 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

6 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

 

Note: Space for more jobs is on the next page. 
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EMPLOYMENT HISTORY (Cont’d) 

 

54 (Cont’d) 

Job 

No. 

At this job, on 

average, about 

how many people 

around you 

smoked? 

While on this job, 

did you ever work 

near diesel engines 

or other types of 

engines? 

While on this job, 

did you ever smell 

diesel exhaust or 

other types of engine 

exhaust? 

How did you usually commute to this 

job?   

 

7 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

8 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

9 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

10 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

11 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

12 

 0 smokers 

 <10 

11 –19 

 20 or more 

 Not sure 

 Yes 

 No 

 Not sure 

 Yes 

 No 

 Not sure 

 Bus/Tramway Foot 

 Metro/Train  Other 

 Car   Truck 

 Bicycle  No Commute 

 Motorcycle  Not sure 

 

Note: If more than 12 jobs, please use an additional page. Interviewer will inquire about 

more jobs, if applicable. 



 

163 

EMPLOYMENT HISTORY (Cont’d) 

 

55.  Referring to the jobs you listed in question #52, we would like to know if you ever 

worked for more than 6 months in any of the following specific jobs. If your work 

in any of these industries involved primarily office and administrative tasks, please 

indicate this by checking the box in the far right column. 
 

Industry  
Job number(s) from 

Question 52 
Office/Admin. 

Aircraft maintenance Yes        No    

Building construction Yes        No    

Fire-fighting Yes        No    

Maritime industry Yes        No    

Food services Yes        No    

Landscaping Yes        No    

Agriculture Yes        No    

Gas distribution as station attendant Yes        No    

Postal services as mail carrier Yes        No    

Mining Yes        No    

Oil refining industry Yes        No    

Police detachment Yes        No    

Plumbing Yes        No    

Road construction and maintenance Yes        No    

Roofing Yes        No    

Waterproofing Yes        No    

Rubber industry Yes        No    

Metalworking Yes        No    

Traffic/warehousing/shipping Yes        No    

Production of coke Yes        No    

Manufacture of electrodes Yes        No    

Gas works Yes        No    

Tar distillery Yes        No    

Production of aluminum Yes        No    
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EMPLOYMENT HISTORY (Cont’d) 

 
56.   In any of your jobs we have already asked about, did you carry out any of the following tasks? 

Tasks 
 Job number(s) from 

Question 52 

Operating a boat engine Yes     No   

Metal working (grinding, cutting, extruding, machining) Yes     No   

Furnace work Yes     No   

Fire fighting Yes     No   

Cooking Yes     No   

Baking bread products or pastries Yes     No   

Operating coke oven Yes     No   

Chimney sweeping Yes     No   

Brick-laying Yes     No   

Masonry Yes     No   

Carpentry Yes     No   

Repair electrical equipment or fixtures Yes     No   

Driving a forklift Yes     No   

Bartending Yes     No   

Waitressing Yes     No   

Gardening Yes     No   

Waste incineration Yes     No   

 

57.   In any of your jobs we have already asked about, did you handle any of the following materials? 

Materials 
 

Job number(s) 

from Question 52 

Coal tar Yes    No     Don’t Know  
 

Pitch 
Yes    No     Don’t Know   

Asphalt 
Yes    No     Don’t Know   

Bitumen 
Yes    No     Don’t Know   

Creosote 
Yes    No     Don’t Know   

Soot 
Yes    No     Don’t Know   

Anthracene oil 
Yes    No     Don’t Know   

Cutting oils 
Yes    No     Don’t Know   
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INCOME 

     The following 2 questions are related to your household income. This information is 

very important and will only be used for the purposes of this research study. Please 

be assured that, like all other information you have provided, these answers will be 

kept strictly confidential. 

 

58.    Thinking back to 2 years ago, how many people were living in your household at 

that time? ___________ 

 

59.    Thinking back to 2 years ago, what was the total income for all people living in 

your household from all   sources, before taxes? Sources include income from all 

earnings (wages and salaries), income from all government sources and all 

investment income (such as retirement funds).  

 

   No income   $40,000 to $59,999 

  Less than $15,000   $60,000 to $79,999 

  $15,000 to $19,999   $80,000 to $99,999 

  $20,000 to $29,999   $100,000 or more 

  $30,000 to $39,999   Not Stated 

   

 

Thank you very much for completing this questionnaire! 

Because we want to be able to use all the information you 

have provided, we would greatly appreciate it if you would 

please take a moment to review each page making sure that 

you did not skip any pages. 
 

 

In the space below, please add any comments you wish, and thank 

you again for the information you have provided! 

______________________________________________________

______________________________________________________

______________________________________________________ 
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Appendix B: Ethics Approval 
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Appendix C: Additional Tables 

Table C.1 Minor allele frequencies, and age- and centre-adjusted odds ratios for the associations 

between SNPs in vitamin D-related genes and breast cancer risk among South Asian and 

Mixed/Other subgroups 

Gene SNP 

South Asian 

(31 cases, 31 controls) 

Mixed/Other 

(60 cases, 45 controls) 

Minor 

Allele 

Frequency 

(Controls) 

Odds Ratio p-valuea 

Minor 

Allele 

Frequency 

(Controls) 

Odds Ratio p-valuea 

GC rs7041 0.42 1.34   (0.65, 2.77) 0.79 0.51 0.80   (0.47, 1.36) 0.68 

VDR rs757343 0.11 0.42   (0.09, 1.82) 0.73 0.10 3.03   (1.34, 6.89) 0.08 

VDR rs1544410 0.45 1.24   (0.62, 2.48) 0.79 0.31 0.78   (0.44, 1.41) 0.68 

VDR rs7967152 0.44 0.94   (0.46, 1.90) 0.83 0.57 0.67   (0.38, 1.19) 0.68 

VDR rs2239182 0.45 1.18   (0.60, 2.32) 0.79 0.57 1.06   (0.60, 1.89) 0.97 

VDR rs2107301 0.32 1.42   (0.69, 2.91) 0.79 0.34 1.45   (0.80, 2.63) 0.68 

VDR rs12717991 0.35 1.12   (0.54, 2.34) 0.83 0.40 1.72   (0.95, 3.12) 0.52 

VDR rs12721370 0.08 2.89   (0.89, 9.36) 0.54 0.09 3.66   (1.51, 8.87) 0.08 

VDR rs886441 0.21 0.90   (0.36, 2.27) 0.83 0.23 0.66   (0.32, 1.36) 0.68 

VDR rs3819545 0.32 1.23   (0.58, 2.60) 0.79 0.46 1.31   (0.72, 2.39) 0.68 

VDR rs2239186 0.23 0.49   (0.19, 1.29) 0.60 0.29 0.66   (0.32, 1.33) 0.68 

VDR rs10875693 0.26 0.45   (0.18, 1.18) 0.55 0.17 1.06   (0.54, 2.07) 0.97 

VDR rs11168275 0.42 0.87   (0.40, 1.91) 0.83 0.44 0.78   (0.43, 1.41) 0.68 

VDR rs2254210 0.24 0.19   (0.05, 0.66) 0.19 0.30 1.03   (0.53, 2.03) 0.97 

VDR rs2238136 0.24 0.71   (0.26, 1.89) 0.79 0.18 1.19   (0.61, 2.30) 0.92 

VDR rs2853564 0.31 0.34   (0.13, 0.91) 0.33 0.30 1.09   (0.59, 2.04) 0.97 

VDR rs11168287 0.48 0.83   (0.39, 1.76) 0.79 0.53 0.77   (0.44, 1.35) 0.68 

VDR rs4328262 0.39 1.24   (0.56, 2.73) 0.79 0.45 0.66   (0.36, 1.20) 0.68 

VDR rs7302235 0.29 1.25   (0.53, 2.95) 0.79 0.28 0.94   (0.49, 1.78) 0.97 

VDR rs11168292 0.26 0.53   (0.21, 1.32) 0.60 0.26 1.01   (0.56, 1.81) 0.98 

VDR rs11568820 0.32 1.33   (0.57, 3.08) 0.79 0.24 1.05   (0.55, 1.99) 0.97 

a False discovery rate-adjusted p-value 
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Table C.2 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and breast cancer risk 

among European and Asian subgroups, stratified by menopausal status 

Gene SNP 

European Asian 

Premenopausal 

(189 cases, 275 controls) 

Postmenopausal 

(451 cases, 531 controls) 

Premenopausal 

(127 cases, 79 controls) 

Postmenopausal 

(178 cases, 89 controls) 

Odds Ratio p-valuea Odds Ratio p-valuea Odds Ratio p-valuea Odds Ratio p-valuea 

GC rs7041 0.88   (0.67, 1.14) 0.69 0.98   (0.82, 1.18) 0.90 0.87   (0.57, 1.33) 0.92 1.59   (1.07, 2.36) 0.45 

VDR rs757343 1.14   (0.78, 1.67) 0.69 0.81   (0.61, 1.08) 0.84 0.93   (0.56, 1.53) 0.92 1.47   (0.94, 2.30) 0.45 

VDR rs1544410 1.06   (0.82, 1.38) 0.73 0.92   (0.76, 1.12) 0.85 0.60   (0.28, 1.31) 0.92 0.68   (0.34, 1.36) 0.54 

VDR rs7967152 0.90   (0.70, 1.17) 0.69 1.19   (0.99, 1.43) 0.60 1.38   (0.89, 2.13) 0.92 0.81   (0.54, 1.21) 0.54 

VDR rs2239182 1.02   (0.77, 1.35) 0.90 1.07   (0.89, 1.29) 0.90 0.96   (0.63, 1.48) 0.92 1.32   (0.92, 1.88) 0.45 

VDR rs2107301 1.10   (0.82, 1.47) 0.69 0.90   (0.74, 1.10) 0.84 0.95   (0.63, 1.42) 0.92 1.27   (0.88, 1.82) 0.48 

VDR rs12717991 1.11   (0.84, 1.47) 0.69 0.96   (0.80, 1.15) 0.90 0.92   (0.60, 1.40) 0.92 1.18   (0.82, 1.70) 0.61 

VDR rs12721370 1.27   (0.84, 1.93) 0.69 0.95   (0.70, 1.27) 0.90 0.89   (0.53, 1.49) 0.92 1.37   (0.84, 2.21) 0.48 

VDR rs886441 0.77   (0.55, 1.07) 0.65 1.15   (0.92, 1.43) 0.84 0.92   (0.31, 2.70) 0.92 1.00   (0.43, 2.35) 0.99 

VDR rs3819545 1.17   (0.88, 1.54) 0.69 1.09   (0.91, 1.32) 0.84 0.90   (0.59, 1.37) 0.92 1.09   (0.75, 1.59) 0.76 

VDR rs2239186 0.96   (0.69, 1.33) 0.83 1.03   (0.82, 1.29) 0.90 1.18   (0.80, 1.74) 0.92 0.87   (0.61, 1.24) 0.65 

VDR rs10875693 1.14   (0.85, 1.52) 0.69 0.96   (0.79, 1.16) 0.90 0.61   (0.08, 4.43) 0.92 1.00  (0.09, 11.15) 0.99 

VDR rs11168275 0.90   (0.67, 1.23) 0.69 1.03   (0.83, 1.27) 0.90 1.12   (0.75, 1.68) 0.92 1.10   (0.78, 1.56) 0.76 

VDR rs2254210 1.12   (0.85, 1.47) 0.69 1.01   (0.84, 1.22) 0.90 0.81   (0.52, 1.27) 0.92 0.99   (0.66, 1.47) 0.99 

VDR rs2238136 0.94   (0.70, 1.25) 0.73 1.23   (1.01, 1.51) 0.60 1.05   (0.65, 1.69) 0.92 1.49   (0.92, 2.42) 0.45 

VDR rs2853564 1.07   (0.82, 1.40) 0.73 0.91   (0.76, 1.09) 0.84 1.09   (0.72, 1.65) 0.92 0.92   (0.63, 1.34) 0.76 

VDR rs11168287 0.88   (0.68, 1.14) 0.69 0.97   (0.81, 1.16) 0.90 1.30   (0.85, 1.99) 0.92 0.71   (0.50, 1.01) 0.45 

VDR rs4328262 0.74   (0.57, 0.97) 0.59 1.09   (0.91, 1.31) 0.84 1.00   (0.65, 1.52) 0.99 1.33   (0.92, 1.91) 0.45 

VDR rs7302235 0.83   (0.61, 1.13) 0.69 0.98   (0.80, 1.20) 0.90 1.33   (0.88, 2.01) 0.92 0.83   (0.59, 1.17) 0.54 

VDR rs11168292 1.26   (0.97, 1.64) 0.65 0.89   (0.74, 1.08) 0.84 1.40   (0.47, 4.19) 0.92 1.40   (0.43, 4.52) 0.76 

VDR rs11568820 0.75   (0.53, 1.05) 0.65 1.06   (0.85, 1.32) 0.90 1.27   (0.84, 1.92) 0.92 0.79   (0.56, 1.12) 0.48 

a False discovery rate-adjusted p-value  
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Table C.3 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and ER/PR/HER2-defined 

breast tumour subtypes among premenopausal European women 

Gene SNP 

ER+ and/or PR+/HER2+ 

(n = 26) 

ER+ and/or PR+/HER2- 

(n = 118) 

ER-/PR-/HER2+ 

(n = 9) 

ER-/PR-/HER2- 

(n = 34) pTH
b 

Odds Ratio pOR
a Odds Ratio pOR

a Odds Ratio pOR
a Odds Ratio pOR

a 

GC rs7041 0.94   (0.53, 1.66) 0.91 0.93   (0.69, 1.26) 0.74 0.49   (0.17, 1.38) 0.43 0.76   (0.45, 1.26) 0.72 0.72 

VDR rs757343 0.58   (0.20, 1.62) 0.62 1.33   (0.87, 2.05) 0.50 N/A N/A 1.42   (0.71, 2.82) 0.72 0.66 

VDR rs1544410 1.46   (0.84, 2.55) 0.49 1.11   (0.82, 1.51) 0.72 0.09   (0.01, 0.68) 0.21 1.07   (0.64, 1.77) 0.82 0.24 

VDR rs7967152 0.86   (0.49, 1.51) 0.77 0.80   (0.59, 1.08) 0.50 8.33  (1.90, 36.51) 0.10 0.84   (0.51, 1.40) 0.82 0.23 

VDR rs2239182 0.84   (0.46, 1.53) 0.77 1.01   (0.73, 1.40) 0.94 1.75   (0.64, 4.80) 0.43 1.12   (0.65, 1.94) 0.82 0.72 

VDR rs2107301 1.35   (0.73, 2.49) 0.65 0.90   (0.63, 1.28) 0.72 2.09   (0.82, 5.33) 0.43 1.52   (0.89, 2.59) 0.67 0.33 

VDR rs12717991 0.80   (0.43, 1.52) 0.75 1.11   (0.80, 1.53) 0.72 1.81   (0.70, 4.69) 0.43 1.30   (0.76, 2.23) 0.72 0.66 

VDR rs12721370 0.41   (0.10, 1.70) 0.51 1.50   (0.94, 2.38) 0.50 1.19   (0.27, 5.22) 0.90 1.29   (0.59, 2.81) 0.82 0.63 

VDR rs886441 0.92   (0.46, 1.84) 0.91 0.76   (0.52, 1.12) 0.50 0.98   (0.32, 3.03) 0.98 0.70   (0.36, 1.38) 0.72 0.94 

VDR rs3819545 0.76   (0.40, 1.43) 0.69 1.18   (0.86, 1.64) 0.58 1.78   (0.69, 4.61) 0.43 1.31   (0.77, 2.24) 0.72 0.66 

VDR rs2239186 1.00   (0.49, 2.04) 0.99 0.87   (0.59, 1.29) 0.72 1.99   (0.72, 5.47) 0.43 1.09   (0.58, 2.04) 0.82 0.66 

VDR rs10875693 1.63   (0.89, 2.98) 0.34 1.22   (0.88, 1.71) 0.50 0.52   (0.16, 1.71) 0.43 0.74   (0.41, 1.32) 0.72 0.28 

VDR rs11168275 1.29   (0.69, 2.42) 0.70 0.78   (0.54, 1.12) 0.50 1.87   (0.70, 4.99) 0.43 0.90   (0.49, 1.64) 0.82 0.50 

VDR rs2254210 1.83   (1.04, 3.22) 0.16 1.09   (0.80, 1.50) 0.72 2.03   (0.80, 5.13) 0.43 0.61   (0.34, 1.10) 0.67 0.23 

VDR rs2238136 0.54   (0.26, 1.11) 0.33 0.98   (0.70, 1.37) 0.94 1.30   (0.49, 3.48) 0.74 1.16   (0.68, 1.99) 0.82 0.63 

VDR rs2853564 1.84   (1.04, 3.27) 0.16 1.04   (0.76, 1.42) 0.90 1.67   (0.65, 4.24) 0.43 0.63   (0.36, 1.12) 0.67 0.24 

VDR rs11168287 0.51   (0.29, 0.92) 0.16 0.82   (0.61, 1.11) 0.50 1.20   (0.48, 3.02) 0.82 1.51   (0.90, 2.52) 0.67 0.24 

VDR rs4328262 0.30   (0.15, 0.60) 0.02 0.74   (0.54, 1.02) 0.50 1.60   (0.62, 4.16) 0.46 1.06   (0.64, 1.76) 0.82 0.23 

VDR rs7302235 0.85   (0.44, 1.66) 0.79 0.87   (0.61, 1.23) 0.72 0.30   (0.07, 1.34) 0.43 0.87   (0.49, 1.56) 0.82 0.66 

VDR rs11168292 2.19   (1.27, 3.78) 0.05 1.21   (0.89, 1.65) 0.50 1.36   (0.54, 3.39) 0.68 0.91   (0.53, 1.54) 0.82 0.28 

VDR rs11568820 0.96   (0.48, 1.94) 0.96 0.70   (0.47, 1.04) 0.50 0.42   (0.10, 1.86) 0.43 0.78   (0.40, 1.51) 0.82 0.72 

a False discovery rate-adjusted p-value for odds ratio comparing tumour subtype to control 
b False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis 
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Table C.4 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and ER/PR/HER2-defined 

breast tumour subtypes among postmenopausal European women 

Gene SNP 

ER+ and/or PR+/HER2+ 

(n = 48) 

ER+ and/or PR+/HER2- 

(n = 285) 

ER-/PR-/HER2+ 

(n = 23) 

ER-/PR-/HER2- 

(n = 77) pTH
b 

Odds Ratio pOR
a Odds Ratio pOR

a Odds Ratio pOR
a Odds Ratio pOR

a 

GC rs7041 0.95   (0.62, 1.46) 0.93 0.89   (0.72, 1.10) 0.85 1.02   (0.56, 1.88) 0.99 1.29   (0.91, 1.82) 0.80 0.99 

VDR rs757343 1.16   (0.63, 2.16) 0.93 0.79   (0.57, 1.11) 0.85 0.64   (0.22, 1.87) 0.77 0.57   (0.30, 1.06) 0.75 0.99 

VDR rs1544410 0.80   (0.51, 1.25) 0.93 0.96   (0.77, 1.19) 0.89 0.53   (0.27, 1.04) 0.40 1.12   (0.79, 1.61) 0.94 0.99 

VDR rs7967152 1.18   (0.77, 1.79) 0.93 1.16   (0.94, 1.42) 0.85 2.10   (1.13, 3.91) 0.40 1.09   (0.78, 1.54) 0.94 0.99 

VDR rs2239182 1.11   (0.72, 1.71) 0.93 1.06   (0.86, 1.31) 0.85 1.54   (0.83, 2.86) 0.52 0.90   (0.63, 1.28) 0.94 0.99 

VDR rs2107301 0.92   (0.58, 1.47) 0.93 0.89   (0.70, 1.12) 0.85 0.78   (0.39, 1.56) 0.78 0.93   (0.63, 1.35) 0.94 0.99 

VDR rs12717991 0.93   (0.61, 1.42) 0.93 0.93   (0.75, 1.14) 0.85 1.00   (0.55, 1.80) 0.99 0.95   (0.68, 1.34) 0.94 0.99 

VDR rs12721370 1.13   (0.59, 2.18) 0.93 1.01   (0.72, 1.41) 0.95 0.87   (0.31, 2.43) 0.92 0.78   (0.42, 1.44) 0.94 0.99 

VDR rs886441 1.41   (0.86, 2.29) 0.93 1.18   (0.92, 1.51) 0.85 1.13   (0.55, 2.33) 0.92 0.84   (0.54, 1.31) 0.94 0.99 

VDR rs3819545 1.08   (0.70, 1.67) 0.93 1.04   (0.84, 1.29) 0.89 1.33   (0.73, 2.44) 0.75 1.09   (0.77, 1.55) 0.94 0.99 

VDR rs2239186 1.13   (0.68, 1.87) 0.93 0.88   (0.68, 1.15) 0.85 1.98   (1.04, 3.79) 0.40 1.15   (0.76, 1.73) 0.94 0.99 

VDR rs10875693 0.97   (0.62, 1.52) 0.93 1.07   (0.86, 1.33) 0.85 0.57   (0.28, 1.15) 0.40 0.89   (0.61, 1.28) 0.94 0.99 

VDR rs11168275 0.88   (0.52, 1.47) 0.93 0.99   (0.77, 1.26) 0.95 1.13   (0.57, 2.24) 0.92 1.15   (0.78, 1.71) 0.94 0.99 

VDR rs2254210 1.04   (0.67, 1.60) 0.93 1.02   (0.83, 1.26) 0.95 0.90   (0.48, 1.69) 0.92 1.03   (0.73, 1.46) 0.94 0.99 

VDR rs2238136 1.13   (0.71, 1.79) 0.93 1.16   (0.92, 1.46) 0.85 1.64   (0.89, 3.01) 0.40 1.38   (0.96, 1.98) 0.75 0.99 

VDR rs2853564 0.98   (0.64, 1.50) 0.93 0.95   (0.77, 1.17) 0.85 0.91   (0.50, 1.67) 0.92 0.75   (0.52, 1.07) 0.75 0.99 

VDR rs11168287 1.07   (0.71, 1.63) 0.93 0.99   (0.80, 1.21) 0.95 1.43   (0.79, 2.60) 0.63 1.04   (0.74, 1.46) 0.94 0.99 

VDR rs4328262 1.10   (0.72, 1.68) 0.93 1.07   (0.87, 1.32) 0.85 1.61   (0.89, 2.91) 0.40 1.04   (0.74, 1.46) 0.94 0.99 

VDR rs7302235 0.95   (0.58, 1.53) 0.93 1.07   (0.84, 1.35) 0.85 0.75   (0.37, 1.55) 0.77 0.87   (0.58, 1.29) 0.94 0.99 

VDR rs11168292 0.89   (0.57, 1.38) 0.93 0.86   (0.69, 1.07) 0.85 0.74   (0.38, 1.41) 0.75 0.99   (0.70, 1.41) 0.95 0.99 

VDR rs11568820 1.15   (0.69, 1.91) 0.93 1.07   (0.83, 1.38) 0.85 0.93   (0.44, 1.97) 0.94 0.97   (0.63, 1.49) 0.94 0.99 

a False discovery rate-adjusted p-value for odds ratio comparing tumour subtype to control 
b False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis  
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Table C.5 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and ER/PR/HER2-defined 

breast tumour subtypes among premenopausal East Asian women 

Gene SNP 

ER+ and/or PR+/HER2+ 

(n = 15) 

ER+ and/or PR+/HER2- 

(n = 81) 

ER-/PR-/HER2+ 

(n = 7) 

ER-/PR-/HER2- 

(n = 19) pTH
b 

Odds Ratio pOR
a Odds Ratio pOR

a Odds Ratio pOR
a Odds Ratio pOR

a 

GC rs7041 0.59   (0.27, 1.30) 0.59 0.90   (0.57, 1.43) 0.99 0.89   (0.28, 2.85) 0.93 0.99   (0.46, 2.10) 0.99 0.81 

VDR rs757343 0.78   (0.28, 2.18) 0.84 1.00   (0.58, 1.73) 0.99 0.80   (0.19, 3.28) 0.93 0.63   (0.23, 1.67) 0.89 0.87 

VDR rs1544410 0.83   (0.18, 3.76) 0.97 0.46   (0.18, 1.18) 0.74 0.99   (0.14, 7.17) 0.99 0.85   (0.23, 3.20) 0.99 0.73 

VDR rs7967152 1.66   (0.67, 4.15) 0.59 1.35   (0.84, 2.17) 0.93 1.30   (0.39, 4.40) 0.93 1.61   (0.72, 3.64) 0.75 0.94 

VDR rs2239182 2.12   (0.76, 5.94) 0.59 1.07   (0.66, 1.74) 0.99 0.59   (0.19, 1.83) 0.75 0.56   (0.27, 1.17) 0.75 0.42 

VDR rs2107301 1.65   (0.67, 4.07) 0.59 1.07   (0.67, 1.69) 0.99 0.54   (0.18, 1.64) 0.75 0.55   (0.27, 1.12) 0.75 0.42 

VDR rs12717991 1.71   (0.66, 4.39) 0.59 1.01   (0.63, 1.61) 0.99 0.47   (0.16, 1.38) 0.71 0.61   (0.30, 1.25) 0.75 0.42 

VDR rs12721370 0.61   (0.19, 1.92) 0.69 0.85   (0.48, 1.51) 0.99 1.16   (0.28, 4.74) 0.93 1.05   (0.43, 2.56) 0.99 0.89 

VDR rs886441 1.74   (0.31, 9.73) 0.74 0.80   (0.23, 2.74) 0.99 1.79  (0.18, 18.27) 0.93 0.70   (0.08, 6.18) 0.99 0.81 

VDR rs3819545 2.96   (0.97, 9.08) 0.59 1.01   (0.63, 1.62) 0.99 0.34   (0.11, 1.06) 0.43 0.51   (0.25, 1.07) 0.75 0.33 

VDR rs2239186 2.73   (1.18, 6.33) 0.40 1.25   (0.81, 1.92) 0.99 0.51   (0.14, 1.79) 0.75 0.74   (0.36, 1.53) 0.89 0.33 

VDR rs10875693 N/A N/A 0.98   (0.13, 7.13) 0.99 N/A N/A N/A N/A N/A 

VDR rs11168275 1.86   (0.77, 4.49) 0.59 1.19   (0.76, 1.86) 0.99 0.69   (0.20, 2.33) 0.93 0.82   (0.40, 1.65) 0.99 0.73 

VDR rs2254210 1.63   (0.71, 3.75) 0.59 0.83   (0.50, 1.35) 0.99 0.18   (0.02, 1.45) 0.56 0.53   (0.22, 1.30) 0.75 0.42 

VDR rs2238136 1.40   (0.57, 3.46) 0.70 1.01   (0.59, 1.72) 0.99 2.21   (0.65, 7.47) 0.71 0.85   (0.35, 2.10) 0.99 0.73 

VDR rs2853564 1.37   (0.59, 3.19) 0.70 1.10   (0.70, 1.76) 0.99 0.10   (0.01, 0.84) 0.36 0.96   (0.46, 2.04) 0.99 0.42 

VDR rs11168287 0.68   (0.30, 1.55) 0.67 0.70   (0.44, 1.13) 0.76 0.57   (0.18, 1.78) 0.75 1.09   (0.50, 2.37) 0.99 0.81 

VDR rs4328262 1.62   (0.71, 3.69) 0.59 1.01   (0.63, 1.61) 0.99 0.73   (0.22, 2.40) 0.93 0.62   (0.28, 1.37) 0.75 0.73 

VDR rs7302235 0.98   (0.43, 2.27) 1.00 1.60   (1.00, 2.55) 0.66 0.82   (0.25, 2.76) 0.93 1.35   (0.64, 2.84) 0.89 0.73 

VDR rs11168292 1.00   (0.11, 9.37) 1.00 0.97   (0.27, 3.50) 0.99 9.82  (1.62, 59.52) 0.27 0.82   (0.09, 7.52) 0.99 0.42 

VDR rs11568820 0.91   (0.39, 2.11) 0.97 1.56   (0.98, 2.48) 0.66 0.78   (0.23, 2.59) 0.93 1.24   (0.59, 2.61) 0.99 0.73 

a False discovery rate-adjusted p-value for odds ratio comparing tumour subtype to control 
b False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis  
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Table C.6 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and ER/PR/HER2-defined 

breast tumour subtypes among postmenopausal East Asian women 

Gene SNP 

ER+ and/or PR+/HER2+ 

(n = 21) 

ER+ and/or PR+/HER2- 

(n = 106) 

ER-/PR-/HER2+ 

(n = 6) 

ER-/PR-/HER2- 

(n = 35) pTH
b 

Odds Ratio pOR
a Odds Ratio pOR

a Odds Ratio pOR
a Odds Ratio pOR

a 

GC rs7041 1.70   (0.79, 3.68) 0.38 1.60   (1.03, 2.48) 0.74 0.80   (0.23, 2.82) 0.99 1.51   (0.81, 2.82) 0.69 0.90 

VDR rs757343 1.26   (0.55, 2.85) 0.77 1.43   (0.88, 2.34) 0.74 1.45   (0.36, 5.94) 0.99 1.96   (1.02, 3.75) 0.50 0.90 

VDR rs1544410 0.54   (0.12, 2.48) 0.60 0.76   (0.36, 1.64) 0.74 N/A N/A 0.66   (0.21, 2.07) 0.76 0.97 

VDR rs7967152 1.00   (0.46, 2.15) 0.99 0.81   (0.52, 1.26) 0.74 1.13   (0.28, 4.50) 0.99 0.60   (0.33, 1.10) 0.50 0.90 

VDR rs2239182 1.89   (0.91, 3.93) 0.37 1.18   (0.80, 1.73) 0.74 1.84   (0.51, 6.56) 0.99 1.36   (0.78, 2.38) 0.76 0.90 

VDR rs2107301 1.83   (0.89, 3.77) 0.37 1.22   (0.82, 1.82) 0.74 1.04   (0.32, 3.37) 0.99 1.12   (0.64, 1.95) 0.87 0.90 

VDR rs12717991 1.64   (0.79, 3.39) 0.38 1.13   (0.76, 1.69) 0.74 0.94   (0.29, 3.06) 0.99 1.00   (0.57, 1.76) 0.99 0.90 

VDR rs12721370 0.65   (0.23, 1.84) 0.60 1.53   (0.90, 2.58) 0.74 1.01   (0.20, 5.18) 0.99 1.81   (0.90, 3.65) 0.50 0.90 

VDR rs886441 1.08   (0.23, 5.16) 0.99 0.73   (0.26, 2.02) 0.74 5.15  (0.88, 30.03) 0.72 1.75   (0.56, 5.53) 0.76 0.90 

VDR rs3819545 1.37   (0.66, 2.86) 0.60 1.02   (0.67, 1.54) 0.93 1.14   (0.33, 3.94) 0.99 1.08   (0.60, 1.92) 0.89 0.92 

VDR rs2239186 1.61   (0.82, 3.13) 0.38 0.76   (0.51, 1.13) 0.74 0.97   (0.30, 3.17) 0.99 0.63   (0.35, 1.13) 0.50 0.90 

VDR rs10875693 N/A N/A 1.70  (0.15, 19.11) 0.82 N/A N/A N/A N/A N/A 

VDR rs11168275 0.99   (0.51, 1.90) 0.99 1.05   (0.71, 1.55) 0.90 1.02   (0.32, 3.27) 0.99 1.33   (0.76, 2.30) 0.76 0.90 

VDR rs2254210 0.65   (0.29, 1.49) 0.59 1.14   (0.74, 1.76) 0.74 0.58   (0.13, 2.66) 0.99 0.89   (0.48, 1.67) 0.87 0.90 

VDR rs2238136 2.64   (1.24, 5.62) 0.25 1.49   (0.88, 2.54) 0.74 1.29   (0.29, 5.81) 0.99 1.32   (0.64, 2.73) 0.76 0.90 

VDR rs2853564 0.73   (0.34, 1.54) 0.60 1.04   (0.68, 1.59) 0.90 0.62   (0.16, 2.43) 0.99 0.91   (0.50, 1.65) 0.87 0.90 

VDR rs11168287 1.76   (0.89, 3.48) 0.37 1.22   (0.83, 1.79) 0.74 1.83   (0.56, 6.02) 0.99 1.73   (0.99, 3.01) 0.50 0.90 

VDR rs4328262 1.93   (0.99, 3.78) 0.37 1.23   (0.82, 1.84) 0.74 3.14  (0.94, 10.53) 0.72 1.17   (0.67, 2.03) 0.87 0.90 

VDR rs7302235 0.59   (0.30, 1.16) 0.38 0.94   (0.64, 1.38) 0.87 0.73   (0.23, 2.24) 0.99 0.81   (0.48, 1.38) 0.76 0.90 

VDR rs11168292 1.05   (0.11, 9.95) 0.99 1.51   (0.43, 5.34) 0.74 4.15  (0.39, 44.72) 0.99 0.61   (0.07, 5.67) 0.87 0.90 

VDR rs11568820 0.57   (0.30, 1.12) 0.37 0.87   (0.60, 1.27) 0.74 0.70   (0.23, 2.15) 0.99 0.83   (0.49, 1.40) 0.76 0.90 

a False discovery rate-adjusted p-value for odds ratio comparing tumour subtype to control 
b False discovery rate-adjusted p-value for tumour heterogeneity in case-case polytomous regression analysis  
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Table C.7 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and ER/PR-defined breast 

tumour subtypes among Asian and European women 

Gene SNP 

European Asian 

ER+ and/or PR+ 

(n = 478) 

ER-/PR- 

(n = 143) pTH
b 

ER+ and/or PR+ 

 (n = 223) 

ER-/PR- 

(n = 67) pTH
b 

Odds Ratio pOR
a Odds Ratio POR

a Odds Ratio pOR
a Odds Ratio POR

a 

GC rs7041 0.91   (0.77, 1.07) 0.91 1.03   (0.80, 1.33) 0.84 0.53 1.19   (0.88, 1.61) 0.92 1.16   (0.75, 1.78) 0.82 0.98 

VDR rs757343 0.96   (0.75, 1.23) 0.91 0.73   (0.48, 1.12) 0.39 0.48 1.19   (0.84, 1.69) 0.92 1.27   (0.78, 2.06) 0.59 0.92 

VDR rs1544410 1.00   (0.85, 1.19) 0.99 0.90   (0.69, 1.17) 0.67 0.53 0.62   (0.36, 1.09) 0.87 0.67   (0.30, 1.51) 0.59 0.94 

VDR rs7967152 1.03   (0.88, 1.21) 0.91 1.25   (0.97, 1.61) 0.38 0.46 1.06   (0.78, 1.45) 0.92 0.95   (0.61, 1.46) 0.97 0.80 

VDR rs2239182 1.04   (0.88, 1.22) 0.91 1.07   (0.83, 1.40) 0.73 0.78 1.21   (0.90, 1.61) 0.87 0.97   (0.65, 1.44) 0.97 0.63 

VDR rs2107301 0.92   (0.77, 1.10) 0.91 1.09   (0.83, 1.44) 0.73 0.48 1.21   (0.91, 1.62) 0.87 0.81   (0.55, 1.21) 0.59 0.35 

VDR rs12717991 0.96   (0.81, 1.13) 0.91 1.08   (0.83, 1.39) 0.73 0.53 1.14   (0.85, 1.53) 0.92 0.77   (0.52, 1.15) 0.59 0.35 

VDR rs12721370 1.10   (0.85, 1.43) 0.91 0.94   (0.61, 1.44) 0.82 0.56 1.07   (0.74, 1.55) 0.92 1.36   (0.82, 2.24) 0.59 0.71 

VDR rs886441 1.06   (0.87, 1.28) 0.91 0.85   (0.61, 1.17) 0.65 0.48 0.85   (0.41, 1.76) 0.92 1.67   (0.70, 3.95) 0.59 0.40 

VDR rs3819545 1.07   (0.90, 1.26) 0.91 1.22   (0.94, 1.58) 0.39 0.53 1.09   (0.81, 1.48) 0.92 0.75   (0.50, 1.14) 0.59 0.35 

VDR rs2239186 0.91   (0.74, 1.11) 0.91 1.30   (0.96, 1.75) 0.38 0.36 1.07   (0.81, 1.41) 0.92 0.68   (0.45, 1.03) 0.59 0.35 

VDR rs10875693 1.12   (0.94, 1.33) 0.91 0.78   (0.58, 1.03) 0.38 0.31 1.02   (0.23, 4.64) 0.98 N/A N/A N/A 

VDR rs11168275 0.94   (0.77, 1.13) 0.91 1.12   (0.84, 1.50) 0.67 0.48 1.12   (0.85, 1.48) 0.92 1.03   (0.69, 1.53) 0.97 0.80 

VDR rs2254210 1.08   (0.91, 1.27) 0.91 0.95   (0.73, 1.23) 0.80 0.53 0.99   (0.72, 1.35) 0.98 0.65   (0.40, 1.05) 0.59 0.35 

VDR rs2238136 1.06   (0.89, 1.27) 0.91 1.33   (1.02, 1.74) 0.38 0.45 1.33   (0.93, 1.89) 0.87 1.17   (0.71, 1.92) 0.82 0.80 

VDR rs2853564 1.01   (0.86, 1.19) 0.99 0.79   (0.61, 1.03) 0.38 0.45 1.05   (0.78, 1.42) 0.92 0.77   (0.50, 1.20) 0.59 0.40 

VDR rs11168287 0.92   (0.78, 1.08) 0.91 1.19   (0.93, 1.53) 0.39 0.36 1.00   (0.76, 1.33) 0.98 1.33   (0.88, 2.01) 0.59 0.40 

VDR rs4328262 0.92   (0.79, 1.09) 0.91 1.13   (0.88, 1.45) 0.65 0.46 1.21   (0.91, 1.62) 0.87 1.02   (0.68, 1.54) 0.97 0.75 

VDR rs7302235 0.99   (0.82, 1.18) 0.99 0.80   (0.60, 1.08) 0.39 0.48 1.09   (0.82, 1.44) 0.92 0.95   (0.64, 1.42) 0.97 0.80 

VDR rs11168292 1.00   (0.85, 1.18) 0.99 0.96   (0.74, 1.24) 0.81 0.76 1.20   (0.51, 2.84) 0.92 1.73   (0.59, 5.07) 0.59 0.80 

VDR rs11568820 0.97   (0.79, 1.18) 0.91 0.87   (0.63, 1.20) 0.67 0.60 1.02   (0.78, 1.35) 0.98 0.93   (0.62, 1.38) 0.97 0.80 

a False discovery rate-adjusted p-value for odds ratio comparing tumour subtype to control 
b False discovery rate-adjusted p-value for tumour heterogeneity, obtained from case-case logistic regression analysis comparing ER-/PR- to ER+ and/or PR+ 

(referent)  
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Table C.8 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and ER/PR-defined breast 

tumour subtypes among premenopausal and postmenopausal European women 

Gene SNP 

Premenopausal European Postmenopausal European 

ER+ and/or PR+ 

(n = 144) 

ER-/PR- 

(n = 43) pTH
b 

ER+ and/or PR+ 

 (n = 333) 

ER-/PR- 

 (n = 100) pTH
b 

Odds Ratio pOR
a Odds Ratio POR

a Odds Ratio pOR
a Odds Ratio POR

a 

GC rs7041 0.93   (0.70, 1.24) 0.72 0.70   (0.44, 1.11) 0.61 0.49 0.90   (0.74, 1.10) 0.84 1.22   (0.90, 1.66) 0.61 0.64 

VDR rs757343 1.18   (0.78, 1.77) 0.65 1.08   (0.55, 2.12) 0.86 0.92 0.85   (0.62, 1.16) 0.84 0.58   (0.34, 1.02) 0.56 0.64 

VDR rs1544410 1.17   (0.88, 1.55) 0.59 0.78   (0.49, 1.25) 0.62 0.31 0.93   (0.76, 1.14) 0.84 0.95   (0.69, 1.32) 0.93 0.94 

VDR rs7967152 0.81   (0.61, 1.07) 0.48 1.23   (0.79, 1.92) 0.62 0.31 1.16   (0.95, 1.41) 0.84 1.27   (0.93, 1.72) 0.56 0.88 

VDR rs2239182 0.98   (0.72, 1.33) 0.88 1.23   (0.75, 2.02) 0.62 0.55 1.06   (0.87, 1.30) 0.84 1.02   (0.74, 1.39) 0.96 0.94 

VDR rs2107301 0.97   (0.70, 1.34) 0.88 1.63   (1.01, 2.63) 0.61 0.31 0.89   (0.72, 1.11) 0.84 0.89   (0.63, 1.25) 0.76 0.99 

VDR rs12717991 1.05   (0.77, 1.42) 0.86 1.40   (0.86, 2.26) 0.61 0.49 0.93   (0.76, 1.13) 0.84 0.96   (0.71, 1.31) 0.93 0.94 

VDR rs12721370 1.29   (0.82, 2.02) 0.59 1.26   (0.62, 2.56) 0.64 0.99 1.03   (0.75, 1.41) 0.91 0.80   (0.47, 1.37) 0.75 0.84 

VDR rs886441 0.79   (0.55, 1.13) 0.57 0.76   (0.42, 1.37) 0.62 0.99 1.21   (0.96, 1.54) 0.84 0.90   (0.61, 1.33) 0.84 0.64 

VDR rs3819545 1.10   (0.81, 1.49) 0.68 1.40   (0.87, 2.26) 0.61 0.53 1.05   (0.85, 1.28) 0.84 1.14   (0.83, 1.56) 0.75 0.88 

VDR rs2239186 0.89   (0.62, 1.29) 0.68 1.26   (0.73, 2.17) 0.62 0.49 0.92   (0.71, 1.17) 0.84 1.32   (0.92, 1.88) 0.56 0.64 

VDR rs10875693 1.29   (0.95, 1.76) 0.48 0.69   (0.40, 1.18) 0.61 0.18 1.05   (0.86, 1.30) 0.84 0.80   (0.58, 1.12) 0.61 0.64 

VDR rs11168275 0.86   (0.61, 1.20) 0.62 1.07   (0.64, 1.80) 0.86 0.59 0.97   (0.77, 1.23) 0.90 1.14   (0.80, 1.63) 0.75 0.84 

VDR rs2254210 1.20   (0.90, 1.61) 0.57 0.83   (0.50, 1.35) 0.63 0.49 1.02   (0.84, 1.25) 0.90 1.00   (0.73, 1.37) 0.99 0.94 

VDR rs2238136 0.89   (0.65, 1.22) 0.65 1.18   (0.73, 1.92) 0.64 0.53 1.15   (0.93, 1.43) 0.84 1.44   (1.04, 1.98) 0.56 0.64 

VDR rs2853564 1.15   (0.86, 1.54) 0.62 0.81   (0.50, 1.31) 0.62 0.49 0.95   (0.78, 1.16) 0.84 0.78   (0.57, 1.07) 0.56 0.64 

VDR rs11168287 0.76   (0.57, 1.01) 0.38 1.42   (0.90, 2.25) 0.61 0.18 1.00   (0.82, 1.21) 0.98 1.12   (0.83, 1.51) 0.75 0.88 

VDR rs4328262 0.64   (0.48, 0.86) 0.07 1.15   (0.73, 1.82) 0.64 0.18 1.08   (0.88, 1.31) 0.84 1.15   (0.85, 1.56) 0.75 0.88 

VDR rs7302235 0.86   (0.62, 1.20) 0.62 0.73   (0.42, 1.26) 0.62 0.74 1.05   (0.84, 1.31) 0.84 0.84   (0.59, 1.20) 0.75 0.64 

VDR rs11168292 1.35   (1.02, 1.80) 0.38 1.00   (0.63, 1.59) 0.99 0.49 0.87   (0.70, 1.06) 0.84 0.93   (0.68, 1.28) 0.84 0.88 

VDR rs11568820 0.74   (0.51, 1.08) 0.48 0.69   (0.38, 1.28) 0.62 0.98 1.08   (0.85, 1.38) 0.84 0.96   (0.66, 1.41) 0.93 0.88 

a False discovery rate-adjusted p-value for odds ratio comparing tumour subtype to control 
b False discovery rate-adjusted p-value for tumour heterogeneity, obtained from case-case logistic regression analysis comparing ER-/PR- to ER+ and/or PR+ 

(referent)  
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Table C.9 Age- and centre-adjusted odds ratios for the associations between SNPs in vitamin D-related genes and ER/PR-defined breast 

tumour subtypes among premenopausal and postmenopausal East Asian women 

Gene SNP 

Premenopausal East Asian Postmenopausal East Asian 

ER+ and/or PR+ 

 (n = 96) 

ER-/PR- 

 (n = 26) pTH
b 

ER+ and/or PR+ 

 (n = 127) 

ER-/PR- 

 (n = 41) pTH
b 

Odds Ratio pOR
a Odds Ratio POR

a Odds Ratio pOR
a Odds Ratio POR

a 

GC rs7041 0.84   (0.54, 1.31) 0.94 0.98   (0.50, 1.90) 0.99 0.81 1.61   (1.05, 2.46) 0.54 1.37   (0.76, 2.45) 0.64 0.92 

VDR rs757343 0.97   (0.57, 1.64) 0.96 0.68   (0.29, 1.58) 0.70 0.63 1.40   (0.88, 2.25) 0.64 1.88   (1.01, 3.50) 0.49 0.92 

VDR rs1544410 0.51   (0.21, 1.22) 0.56 0.88   (0.28, 2.79) 0.99 0.63 0.73   (0.35, 1.52) 0.69 0.56   (0.18, 1.75) 0.64 0.92 

VDR rs7967152 1.39   (0.88, 2.20) 0.56 1.51   (0.74, 3.05) 0.54 0.94 0.83   (0.54, 1.29) 0.69 0.65   (0.37, 1.16) 0.55 0.92 

VDR rs2239182 1.17   (0.73, 1.87) 0.94 0.56   (0.29, 1.08) 0.36 0.18 1.26   (0.87, 1.84) 0.64 1.42   (0.84, 2.41) 0.59 0.92 

VDR rs2107301 1.13   (0.73, 1.77) 0.94 0.55   (0.29, 1.03) 0.36 0.18 1.30   (0.88, 1.91) 0.64 1.11   (0.65, 1.87) 0.88 0.92 

VDR rs12717991 1.08   (0.69, 1.70) 0.96 0.57   (0.30, 1.07) 0.36 0.19 1.20   (0.81, 1.77) 0.69 0.99   (0.59, 1.69) 0.99 0.92 

VDR rs12721370 0.81   (0.47, 1.41) 0.94 1.06   (0.48, 2.34) 0.99 0.67 1.36   (0.81, 2.26) 0.64 1.68   (0.86, 3.28) 0.55 0.92 

VDR rs886441 0.94   (0.30, 2.93) 0.96 0.99   (0.19, 5.24) 0.99 0.99 0.78   (0.30, 2.04) 0.81 2.14   (0.75, 6.11) 0.55 0.92 

VDR rs3819545 1.15   (0.72, 1.82) 0.94 0.46   (0.24, 0.88) 0.36 0.15 1.07   (0.72, 1.59) 0.89 1.09   (0.63, 1.88) 0.90 0.99 

VDR rs2239186 1.39   (0.92, 2.11) 0.56 0.68   (0.36, 1.31) 0.54 0.18 0.86   (0.59, 1.26) 0.69 0.67   (0.39, 1.16) 0.55 0.92 

VDR rs10875693 0.80   (0.11, 5.85) 0.96 N/A N/A N/A 1.41  (0.13, 15.82) 0.89 N/A N/A N/A 

VDR rs11168275 1.26   (0.82, 1.94) 0.87 0.78   (0.41, 1.47) 0.77 0.31 1.04   (0.72, 1.51) 0.89 1.28   (0.76, 2.15) 0.64 0.92 

VDR rs2254210 0.92   (0.58, 1.47) 0.96 0.43   (0.19, 0.99) 0.36 0.25 1.05   (0.69, 1.60) 0.89 0.85   (0.46, 1.54) 0.80 0.92 

VDR rs2238136 1.06   (0.64, 1.76) 0.96 1.13   (0.54, 2.39) 0.99 0.94 1.66   (1.00, 2.76) 0.54 1.31   (0.66, 2.61) 0.67 0.92 

VDR rs2853564 1.14   (0.73, 1.78) 0.94 0.65   (0.32, 1.33) 0.54 0.31 0.98   (0.65, 1.48) 0.93 0.86   (0.49, 1.52) 0.80 0.92 

VDR rs11168287 0.70   (0.45, 1.11) 0.56 0.92   (0.47, 1.80) 0.99 0.63 1.29   (0.89, 1.87) 0.64 1.74   (1.03, 2.94) 0.49 0.92 

VDR rs4328262 1.09   (0.70, 1.70) 0.96 0.65   (0.33, 1.30) 0.54 0.31 1.33   (0.90, 1.95) 0.64 1.35   (0.80, 2.26) 0.64 0.99 

VDR rs7302235 1.48   (0.95, 2.32) 0.56 1.18   (0.61, 2.29) 0.99 0.67 0.87   (0.60, 1.26) 0.69 0.80   (0.48, 1.32) 0.64 0.92 

VDR rs11168292 0.98   (0.29, 3.33) 0.97 2.64  (0.65, 10.73) 0.54 0.31 1.43   (0.42, 4.92) 0.80 1.06   (0.19, 6.06) 0.99 0.92 

VDR rs11568820 1.43   (0.92, 2.23) 0.56 1.09   (0.56, 2.10) 0.99 0.63 0.82   (0.57, 1.17) 0.64 0.81   (0.49, 1.33) 0.64 0.99 

a False discovery rate-adjusted p-value for odds ratio comparing tumour subtype to control 
b False discovery rate-adjusted p-value for tumour heterogeneity, obtained from case-case logistic regression analysis comparing ER-/PR- to ER+ and/or PR+ 

(referent)  
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Table C.10 Selected characteristics of study participants, between controls and ER/PR/HER2-defined 

breast tumour subtypes  

 

ER+ and/or 

PR+/HER2

+  

(n = 127) 

ER+ and/or 

PR+/HER2- 

(n = 635) 

ER-/PR-

/HER2+ 

(n = 50) 

ER-/PR-

/HER2- 

(n = 185) 

Controls  

(n = 1050) 
pCC

a,b pTH
a,c 

 
Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Age 55.0 (9.8) 57.4 (10.4) 55.5 (9.6) 56.4 (10.1) 56.5 (10.1) 0.2 0.1 

Body Mass Index 25.3 (5.1) 25.7 (5.6) 26.7 (4.5) 25.4 (5.4) 25.0 (4.7) 0.007 0.09 

Ethnicity            < 0.0001 0.4 

      European 74 (58.3%) 404 (63.6%) 32 (64.0%) 111 (60.0%) 806 (76.8%)   

      East Asian 36 (28.3%) 187 (29.4%) 13 (26.0%) 54 (29.2%) 168 (16.0%)   

      South Asian 5 (3.9%) 13 (2.0%) 2 (4.0%) 9 (4.9%) 31 (2.9%)   

      Mixed/Other 12 (9.4%) 31 (4.9%) 3 (6.0%) 11 (5.9%) 45 (4.3%)   

Household Income           < 0.0001 0.08 

      <$30,000 17 (13.4%) 113 (17.8%) 16 (32.0%) 26 (14.1%) 104 (9.9%)   

      $30,000-$59,999 36 (28.3%) 144 (22.7%) 9 (18.0%) 52 (28.1%) 230 (21.9%)   

      $60,000-$99,999 28 (22.0%) 147 (23.1%) 9 (18.0%) 39 (21.1%) 262 (25.0%)   

      >$100,000 34 (26.8%) 134 (21.1%) 12 (24.0%) 37 (20.0%) 310 (29.5%)   

      Not Stated 12 (9.4%) 97 (15.3%) 4 (8.0%) 31 (16.8%) 144 (13.7%)   

Education           < 0.0001 0.7 

      High school or less 39 (30.7%) 214 (33.9%) 17 (34.0%) 65 (35.7%) 259 (24.7%)   

      College/trade certificate 44 (34.5%) 182 (28.8%) 18 (36.0%) 55 (30.2%) 310 (29.6%)   

      Undergraduate degree 28 (22.0%) 160 (25.3%) 7 (14.0%) 43 (24.6%) 271 (25.9%)   

      Graduate/professional 

degree 16 (12.6%) 76 (12.0%) 8 (16.0%) 19 (10.4%) 207 (19.8%)   

Menopausal Status           0.6 0.8 

      Pre-menopausal 49 (38.6%) 215 (34.0%) 17 (34.0%) 61 (33.0%) 391 (37.2%)   

      Post-menopausal 78 (61.4%) 418 (66.0%) 33 (66.0%) 124 (67.0%) 659 (62.8%)   

Reproductive History             

      Age at menarche 12.8 (1.5) 12.8 (1.6) 12.9 (1.6) 12.9 (1.4) 12.8 (1.5) 0.9 0.9 

      Ever been pregnant 106 (83.5%) 519 (81.9%) 45 (90.0%) 153 (83.2%) 825 (78.7%) 0.1 0.5 

      Age at first birth 28.0 (5.9) 28.0 (5.5) 27.9 (4.5) 27.3 (5.5) 27.7 (5.3) 0.7 0.6 

      Number of pregnancies 2.3 (1.7) 2.2 (1.7) 2.3 (1.5) 2.4 (1.8) 2.2 (1.7) 0.8 0.8 

      Age at first mammogram 43.5 (8.3) 44.9 (8.6) 43.8 (7.4) 43.3 (8.3) 42.7 (7.4) < 0.0001 0.05 

Family History of Breast 

Cancer 
26 (20.5%) 118 (18.4%) 13 (26.0%) 40 (21.6%) 145 (13.8%) 0.004 0.5 

Smoking Status 4 (3.1%) 47 (7.4%) 1 (2.0%) 11 (5.9%) 62 (5.9%) 0.2 0.2 

Pack-Years Smoking 5.4 (12.2) 5.3 (11.3) 6.7 (12.6) 6.7 (12.6) 5.1 (10.9) 0.8 0.7 

Lifetime Alcohol Consumption (# Drinks/Week) 
      Teen 1.2 (3.0) 1.2 (4.3) 0.8 (2.4) 0.6 (1.7) 1.6 (4.0) < 0.0001 0.1 

      20s 2.8 (4.7) 2.7 (6.1) 2.6 (3.5) 2.4 (4.8) 3.9 (8.1) < 0.0001 0.4 

      30s 2.9 (5.2) 3.2 (6.6) 3.7 (5.4) 2.2 (5.3) 3.5 (5.4) < 0.0001 0.05 

      40s 2.9 (4.5) 3.6 (7.1) 3.5 (4.3) 2.1 (3.6) 3.7 (5.6) < 0.0001 0.03 

      50s 2.8 (5.1) 3.0 (5.2) 3.8 (4.7) 1.6 (3.2) 3.8 (6.2) < 0.0001 0.007 

      Last 2 Years 2.1 (4.3) 2.2 (4.7) 3.8 (5.4) 1.3 (3.0) 2.9 (5.0) < 0.0001 0.1 

Medication Use             

      Oral contraceptive 71 (55.9%) 350 (55.1%) 32 (64.0%) 101 (54.6%) 695 (66.2%) < 0.0001 0.7 

      Hormone replacement 

      therapy 40 (31.5%) 197 (31.2%) 19 (38.0%) 53 (29.0%) 351 (33.5%) 0.6 0.7 

a Calculated using one-way ANOVA or Kruskal-Wallis tests for continuous variables and Chi-Square tests for categorical variables 
b p-value to compare characteristics between controls and tumour subtypes 
c p-value to compare characteristics between tumour subtypes 
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Table C.11 Selected characteristics of East Asian study participants, between controls and ER/PR/HER2-

defined breast tumour subtypes  

 

ER+ and/or 

PR+/HER2

+  

(n = 36) 

ER+ and/or 

PR+/HER2- 

(n = 187) 

ER-/PR-

/HER2+ 

(n = 13) 

ER-/PR-

/HER2- 

(n = 54) 

Controls  

(n = 168) 
pCC

a,b pTH
a,c 

 
Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Mean (SD) /  

N (%) 

Age 53.9 (9.9) 54.8 (10.3) 49.8 (8.8) 54.8 (8.5) 54.1 (9.8) 0.4 0.3 

Body Mass Index 23.2 (3.5) 23.4 (4.7) 23.7 (3.4) 23.4 (4.3) 23.1 (3.0) 0.9 0.9 

Household Income           0.02 0.05 

      <$30,000 6 (16.7%) 49 (26.2%) 8 (61.5%) 12 (22.2%) 40 (23.8%)   

      $30,000-$59,999 12 (33.3%) 44 (23.5%) 1 (7.7%) 13 (24.1%) 37 (22.0%)   

      $60,000-$99,999 7 (19.4%) 32 (17.1%) 2 (15.4%) 6 (11.1%) 37 (22.0%)   

      >$100,000 8 (22.2%) 19 (10.2%) 1 (7.7%) 10 (18.5%) 32 (19.1%)   

      Not Stated 3 (8.3%) 43 (23.0%) 1 (7.7%) 13 (24.1%) 22 (13.1%)   

Education           0.09 0.2 

      High school or less 8 (22.2%) 72 (38.9%) 6 (46.2%) 20 (37.0%) 43 (25.8%)   

      College/trade certificate 13 (36.1%) 46 (24.9%) 2 (15.4%) 11 (20.4%) 54 (32.3%)   

      Undergraduate degree 12 (33.3%) 57 (30.8%) 2 (15.4%) 18 (33.3%) 59 (35.3%)   

      Graduate/professional 

degree 3 (8.3%) 10 (5.4%) 3 (23.1%) 5 (9.3%) 11 (6.6%)   

Menopausal Status           0.6 0.6 

      Pre-menopausal 15 (41.7%) 81 (43.3%) 7 (53.9%) 19 (35.2%) 79 (47.0%)   

      Post-menopausal 21 (58.3%) 106 (56.7%) 6 (46.2%) 35 (64.8%) 89 (53.0%)   

Reproductive History             

      Age at menarche 13.4 (2.1) 13.2 (1.8) 12.6 (1.5) 12.7 (1.2) 12.9 (1.6) 0.1 0.1 

      Ever been pregnant 30 (83.3%) 154 (82.4%) 12 (92.3%) 46 (85.2%) 137 (81.6%) 0.9 0.8 

      Age at first birth 30.4 (4.9) 29.5 (4.9) 29.0 (4.1) 29.3 (4.1) 28.4 (4.5) 0.2 0.8 

      Number of pregnancies 2.4 (1.7) 2.2 (1.7) 2.2 (1.0) 2.3 (1.4) 2.5 (1.8) 0.7 0.9 

      Age at first mammogram 45.0 (8.9) 46.5 (9.0) 43.8 (7.5) 46.1 (7.4) 44.5 (6.9) 0.06 0.4 

Family History of Breast 

Cancer 
4 (11.1%) 28 (15.0%) 1 (7.7%) 7 (13.0%) 13 (7.7%) 0.3 0.9 

Smoking Status 0 (0%) 3 (1.6%) 0 (0%) 1 (1.9%) 2 (1.2%) 0.9 0.9 

Pack-Years Smoking 1.2 (3.8) 0.8 (3.8) 0 (0.0) 1.0 (4.8) 0.7 (2.6) 0.5 0.4 

Lifetime Alcohol Consumption  

(# Drinks/Week)             

      Teen 0.2 (1.2) 0.1 (0.6) 0 (0) 0.02 (0.1) 0.4 (1.8) 0.001 0.6 

      20s 0.7 (1.6) 0.4 (1.5) 0.03 (0.08) 0.2 (0.4) 1.0 (3.2) 0.0009 0.4 

      30s 0.8 (1.6) 0.4 (1.4) 0.02 (0.05) 0.1 (0.5) 0.9 (2.5) 0.0009 0.2 

      40s 0.7 (1.3) 0.4 (1.3) 0.02 (0.05) 0.02 (0.05) 0.7 (2.0) < 0.0001 0.08 

      50s 0.4 (1.0) 0.3 (1.2) 0.03 (0.05) 0.1 (0.3) 0.4 (1.2) 0.09 0.3 

      Last 2 Years 0.2 (0.9) 0.1 (0.5) 0 (0) 0.01 (0.05) 0.3 (1.1) 0.01 0.8 

Medication Use             

      Oral contraceptive 2.0 (4.6) 1.5 (3.4) 0.9 (2.1) 1.3 (3.5) 3.2 (6.4) 0.04 0.9 

      Hormone replacement 

      therapy 0.9 (3.2) 1.2 (3.6) 0.5 (1.7) 1.0 (3.1) 1.3 (3.7) 0.6 0.6 

a Calculated using one-way ANOVA or Kruskal-Wallis tests for continuous variables and Chi-Square tests or Fisher’s exact tests for 

categorical variables 
b p-value to compare characteristics between controls and tumour subtypes 
c p-value to compare characteristics between tumour subtypes 

  



 

178 

Table C.12 Selected characteristics of study participants, between controls and ER/PR-defined 

breast tumour subtype cases 

 
ER+ and/or PR+  

(n = 762) 

ER-/PR- 

(n = 235) 

Controls  

(n = 1050) pCC
a,b pTH

c,d 

 Mean (SD) / N (%) Mean (SD) / N (%) Mean (SD) / N (%) 

Age 56.96 (10.35) 56.24 (9.97) 56.5 (10.1) 0.6 0.4 

Body Mass Index 25.63 (5.50) 25.65 (5.28) 25.0 (4.7) 0.02 0.9 

Ethnicity        < 0.0001 0.3 

      European 478 (62.7%) 143 (60.9%) 806 (76.8%)   

      Asian 223 (29.3%) 67 (28.5%) 168 (16.0%)   

      South Asian 18 (2.4%) 11 (4.7%) 31 (2.9%)   

      Mixed/Other 43 (5.6%) 14 (6.0%) 45 (4.3%)   

Household Income       < 0.0001 0.9 

      <$30,000 130 (17.1%) 42 (17.9%) 104 (9.9%)   

      $30,000-$59,999 180 (23.6%) 61 (26.0%) 230 (21.9%)   

      $60,000-$99,999 175 (23.0%) 48 (20.4%) 262 (25.0%)   

      >$100,000 168 (22.1%) 49 (20.9%) 310 (29.5%)   

      Not Stated 109 (14.3%) 35 (14.9%) 144 (13.7%)   

Education       < 0.0001 0.8 

      High school or less 253 (33.3%) 82 (35.3%) 259 (24.7%)   

      College/trade certificate 226 (29.8%) 73 (31.5%) 310 (29.6%)   

      Undergraduate degree 188 (24.8%) 50 (21.6%) 271 (25.9%)   

      Graduate/professional degree 92 (12.1%) 27 (11.6%) 207 (19.8%)   

Menopausal Status       0.4 0.7 

      Pre-menopausal 264 (34.7%) 78 (33.2%) 391 (37.2%)   

      Post-menopausal 496 (65.3%) 157 (66.8%) 659 (62.8%)   

Reproductive History         

      Age at menarche 12.86 (1.59) 12.82 (1.41) 12.8 (1.5) 0.9 0.8 

      Ever been pregnant 625 (82.1%) 198 (85.0%) 825 (78.7%) 0.03 0.3 

      Age at first birth 27.98 (5.53) 27.45 (5.25) 27.7 (5.3) 0.5 0.3 

      Number of pregnancies 2.24 (1.67) 2.35 (1.73) 2.2 (1.7) 0.6 0.4 

      Age at first mammogram 44.67 (8.55) 43.38 (8.09) 42.7 (7.4) < 0.0001 0.2 

Family History of Breast Cancer 143 (18.8%) 53 (22.6%) 145 (13.8%) 0.0007 0.2 

Smoking Status 51 (6.7%) 12 (5.1%) 62 (5.9%) 0.6 0.4 

Pack-Years Smoking 5.34 (11.43) 6.26 (13.96) 5.1 (10.9) 0.9 0.8 

Lifetime Alcohol Consumption  

(# Drinks/Week)         

      Teen 1.24 (4.11) 0.62 (1.84) 1.6 (4.0) < 0.0001 0.01 

      20s 2.75 (5.86) 2.44 (4.59) 3.9 (8.1) < 0.0001 0.4 

      30s 3.13 (6.37) 2.55 (5.37) 3.5 (5.4) < 0.0001 0.09 

      40s 3.44 (6.77) 2.38 (3.79) 3.7 (5.6) < 0.0001 0.03 

      50s 3.00 (5.21) 2.12 (3.69) 3.8 (6.2) < 0.0001 0.04 

      Last 2 Years 2.20 (4.63) 1.75 (3.71) 2.9 (5.0) < 0.0001 0.2 

Medication Use         

      Oral contraceptive 421 (55.3%) 133 (56.6%) 695 (66.2%) < 0.0001 0.7 

      Hormone replacement therapy 237 (31.3%) 72 (30.9%) 351 (33.5%) 0.5 0.9 

a Calculated using one-way ANOVA or Kruskal-Wallis tests for continuous variables and Chi-Square tests or Fisher’s exact tests 

for categorical variables 
b p-value to compare characteristics between controls and tumour subtypes 
c Calculated using T-tests or Wilcoxon Rank Sum tests for continuous variables and Chi-Square tests or Fisher’s exact test for 

categorical variables 
d p-value to compare characteristics between tumour subtypes  
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Table C.13 Selected characteristics of European study participants, between controls and ER/PR-

defined breast tumour subtype cases 

 

ER+ and/or 

PR+  

(n = 478) 

ER-/PR- 

(n = 143) 

Controls  

(n = 806) 
pCC

a,b 
pTH

c,

d 

 
Mean (SD) /  

N (%) 

Mean (SD) / 

N (%) 

Mean (SD) / 

N (%) 

Age 58.31 (10.19) 57.99 (10.39) 57.3 (10.2) 0.3 0.7 

Body Mass Index 26.46 (5.73) 26.52 (5.55) 25.3 (4.9) 0.0004 0.9 

Household Income       0.007 0.8 

      <$30,000 63 (13.2%) 16 (11.2%) 55 (6.8%)   

      $30,000-$59,999 110 (23.0%) 38 (26.6%) 171 (21.2%)   

      $60,000-$99,999 122 (25.5%) 38 (26.6%) 211 (26.2%)   

      >$100,000 129 (27.0%) 34 (23.8%) 263 (32.6%)   

      Not Stated 54 (11.3%) 17 (11.9%) 106 (13.2%)   

Education       0.001 0.5 

      High school or less 149 (31.2%) 48 (33.8%) 199 (24.8%)   

      College/trade certificate 153 (32.0%) 52 (36.6%) 235 (29.2%)   

      Undergraduate degree 101 (21.1%) 24 (16.9%) 190 (23.6%)   

      Graduate/professional degree 75 (15.7%) 18 (12.7%) 180 (22.4%)   

Menopausal Status       0.3 0.9 

      Pre-menopausal 144 (30.2%) 43 (30.1%) 275 (34.1%)   

      Post-menopausal 333 (69.8%) 100 (69.9%) 531 (65.9%)   

Reproductive History         

      Age at menarche 12.69 (1.43) 12.84 (1.35) 12.8 (1.5) 0.3 0.3 

      Ever been pregnant 390 (81.8%) 118 (83.7%) 628 (78.0%) 0.1 0.6 

      Age at first birth 27.30 (5.61) 27.07 (5.49) 27.5 (5.4) 0.8 0.7 

      Number of pregnancies 2.17 (1.57) 2.28 (1.79) 2.2 (1.7) 0.8 0.5 

      Age at first mammogram 43.81 (8.36) 42.73 (8.33) 42.5 (7.5) 0.1 0.5 

Family History of Breast Cancer 102 (21.3%) 43 (30.1%) 122 (15.1%) < 0.0001 0.03 

Smoking Status 45 (9.4%) 10 (7.0%) 54 (6.7%) 0.2 0.4 

Pack-Years Smoking 7.61 (13.18) 9.62 (16.69) 6.3 (12.0) 0.04 0.4 

Lifetime Alcohol Consumption  

(# Drinks/Week)     
  

  

      Teen 1.84 (5.03) 1.00 (2.27) 2.0 (4.4) 0.0002 0.08 

      20s 3.99 (6.94) 3.57 (4.45) 4.7 (9.0) 0.08 0.9 

      30s 4.58 (7.51) 4.04 (6.43) 4.3 (5.8) 0.7 0.7 

      40s 5.06 (7.96) 3.74 (4.29) 4.5 (6.0) 0.4 0.2 

      50s 4.48 (5.91) 3.48 (4.31) 4.7 (6.7) 0.1 0.1 

      Last 2 Years 3.80 (5.67) 3.51 (4.69) 3.9 (5.6) 0.4 0.8 

Medication Use         

      Oral contraceptive 329 (68.8%) 103 (72.0%) 590 (73.2%) 0.2 0.5 

      Hormone replacement therapy 182 (38.3%) 56 (39.7%) 298 (37.1%) 0.8 0.8 

a Calculated using one-way ANOVA or Kruskal-Wallis tests for continuous variables and Chi-Square tests or 

Fisher’s exact tests for categorical variables 
b p-value to compare characteristics between controls and tumour subtypes 
c Calculated using T-tests or Wilcoxon Rank Sum tests for continuous variables and Chi-Square tests or Fisher’s 

exact test for categorical variables 
d p-value to compare characteristics between tumour subtypes  
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Table C.14 Selected characteristics of East Asian study participants, between controls and ER/PR-

defined breast tumour subtype cases 

 

ER+ and/or 

PR+  

(n = 223) 

ER-/PR- 

(n = 67) 

Controls  

(n = 168) 
pCC

a,b 
pTH

c,

d 

 
Mean (SD) /  

N (%) 

Mean (SD) / 

N (%) 

Mean (SD) / 

N (%) 

Age 54.66 (10.19) 53.81 (8.70) 54.1 (9.8) 0.9 0.8 

Body Mass Index 23.37 (4.56) 23.47 (4.09) 23.1 (3.0) 0.9 0.7 

Household Income       0.2 0.6 

      <$30,000 55 (24.7%) 20 (29.9%) 40 (23.8%)   

      $30,000-$59,999 56 (25.1%) 14 (20.9%) 37 (22.0%)   

      $60,000-$99,999 39 (17.5%) 8 (11.9%) 37 (22.0%)   

      >$100,000 27 (12.1%) 11 (16.4%) 32 (19.1%)   

      Not Stated 46 (20.6%) 14 (20.9%) 22 (13.1%)   

Education       0.1 0.3 

      High school or less 80 (36.2%) 26 (38.8%) 43 (25.8%)   

      College/trade certificate 59 (26.7%) 13 (19.4%) 54 (32.3%)   

      Undergraduate degree 69 (31.2%) 20 (29.9%) 59 (35.3%)   

      Graduate/professional degree 13 (5.9%) 8 (11.9%) 11 (6.6%)   

Menopausal Status       0.5 0.5 

      Pre-menopausal 96 (43.1%) 26 (38.8%) 79 (47.0%)   

      Post-menopausal 127 (57.0%) 41 (61.2%) 89 (53.0%)   

Reproductive History         

      Age at menarche 13.23 (1.83) 12.68 (1.23) 12.9 (1.6) 0.03 0.03 

      Ever been pregnant 184 (82.5%) 58 (86.6%) 137 (81.6%) 0.6 0.4 

      Age at first birth 29.60 (4.89) 29.27 (4.05) 28.4 (4.5) 0.09 0.6 

      Number of pregnancies 2.23 (1.71) 2.26 (1.29) 2.5 (1.8) 0.4 0.9 

      Age at first mammogram 46.29 (8.97) 45.65 (7.40) 44.5 (6.9) 0.06 0.5 

Family History of Breast Cancer 32 (14.4%) 8 (11.9%) 13 (7.7%) 0.1 0.6 

Smoking Status 3 (1.4%) 1 (1.5%) 2 (1.2%) 0.9 0.9 

Pack-Years Smoking 0.87 (3.78) 0.80 (4.28) 0.7 (2.6) 0.4 0.2 

Lifetime Alcohol Consumption  

(# Drinks/Week)         

      Teen 0.10 (0.70) 0.02 (0.06) 0.4 (1.8) 0.0002 0.9 

      20s 0.43 (1.55) 0.13 (0.40) 1.0 (3.2) 0.0002 0.4 

      30s 0.49 (1.46) 0.12 (0.43) 0.9 (2.5) 0.0002 0.1 

      40s 0.48 (1.32) 0.07 (0.22) 0.7 (2.0) <.0001 0.03 

      50s 0.34 (1.20) 0.10 (0.32) 0.4 (1.2) 0.09 0.9 

      Last 2 Years 0.11 (0.58) 0.01 (0.04) 0.3 (1.1) 0.002 0.8 

Medication Use         

      Oral contraceptive 64 (28.7%) 19 (28.4%) 3.2 (6.4) 0.01 0.9 

      Hormone replacement therapy 45 (20.2%) 11 (16.4%) 1.3 (3.7) 0.5 0.5 

a Calculated using one-way ANOVA or Kruskal-Wallis tests for continuous variables and Chi-Square tests or 

Fisher’s exact tests for categorical variables 
b p-value to compare characteristics between controls and tumour subtypes 
c Calculated using T-tests or Wilcoxon Rank Sum tests for continuous variables and Chi-Square tests or Fisher’s 

exact test for categorical variables 
d p-value to compare characteristics between tumour subtypes  
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Table C.15 Frequency distribution of SNPs among South Asian and mixed/other cases and controls 

 
 

South Asian 
 

Mixed/Other 

  Case Controls p-valuea  Case Control p-valuea 

rs7041 

C C 8 (25.8%) 11 (35.5%) 

0.71 

 22 (36.7%) 9 (20.0%) 

0.08 C A 16 (51.6%) 14 (45.2%)  22 (36.7%) 26 (57.8%) 

A A 7 (22.6%) 6 (19.4%)  16 (26.7%) 10 (22.2%) 

rs757343  

G G 28 (90.3%) 24 (77.4%) 

0.17 

 33 (55.0%) 37 (82.2%) 

0.01 G A 3 (9.7%) 7 (22.6%)  23 (38.3%) 7 (15.6%) 

A A 0 (0.0%) 0 (0.0%)  4 (6.7%) 1 (2.2%) 

rs1544410  

G G 8 (25.8%) 10 (32.3%) 

0.79 

 34 (56.7%) 22 (48.9%) 

0.71 G A 14 (45.2%) 14 (45.2%)  21 (35.0%) 18 (40.0%) 

A A 9 (29.0%) 7 (22.6%)  5 (8.3%) 5 (11.1%) 

rs7967152  

C C 9 (29.0%) 12 (38.7%) 

0.18 

 15 (25.0%) 10 (22.2%) 

0.13 C A 18 (58.1%) 11 (35.5%)  34 (56.7%) 19 (42.2%) 

A A 4 (12.9%) 8 (25.8%)  11 (18.3%) 16 (35.6%) 

rs2239182 

G G 8 (25.8%) 11 (35.5%) 

0.67 

 10 (16.7%) 8 (17.8%) 

0.99 G A 15 (48.4%) 12 (38.7%)  31 (51.7%) 23 (51.1%) 

A A 8 (25.8%) 8 (25.8%)  19 (31.7%) 14 (31.1%) 

rs2107301 

G G  11 (35.5%) 15 (48.4%) 

0.56 

 19 (31.7%) 20 (44.4%) 

0.40 G A 14 (45.2%) 12 (38.7%)  32 (53.3%) 19 (42.2%) 

A A 6 (19.4%) 4 (12.9%)  9 (15.0%) 6 (13.3%) 

rs12717991 

G G  12 (38.7%) 13 (41.9%) 

0.99 

 12 (20.0%) 16 (35.6%) 

0.18 G A 14 (45.2%) 14 (45.2%)  34 (56.7%) 22 (48.9%) 

A A 5 (16.1%) 4 (12.9%)  14 (23.3%) 7 (15.6%) 

rs12721370 

C C 20 (64.5%) 26 (83.9%) 

0.15 

 33 (55.0%) 37 (82.2%) 

0.01 C A 10 (32.3%) 5 (16.1%)  24 (40.0%) 8 (17.8%) 

A A 1 (3.2%) 0 (0.0%)  3 (5.0%) 0 (0.0%) 

rs886441 

A A 20 (64.5%) 19 (61.3%) 

0.99 

 40 (66.7%) 26 (57.8%) 

0.52 A G 10 (32.3%) 11 (35.5%)  19 (31.7%) 17 (37.8%) 

G G 1 (3.2%) 1 (3.2%)  1 (1.7%) 2 (4.4%) 

rs3819545 

A A 12 (38.7%) 15 (48.4%) 

0.78 

 11 (18.3%) 13 (28.9%) 

0.42 A G 15 (48.4%) 12 (38.7%)  37 (61.7%) 23 (51.1%) 

G G 4 (12.9%) 4 (12.9%)  12 (20.0%) 9 (20.0%) 
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rs2239186 

A A 24 (77.4%) 20 (64.5%) 

0.24 

 36 (60.0%) 21 (46.7%) 

0.39 A G 7 (22.6%) 8 (25.8%)  22 (36.7%) 22 (48.9%) 

G G 0 (0.0%) 3 (9.7%)  2 (3.3%) 2 (4.4%) 

rs10875693 

T T 21 (67.7%) 18 (58.1%) 

0.27 

 42 (70.0%) 33 (73.3%) 

0.78 T A 10 (32.3%) 10 (32.3%)  15 (25.0%) 9 (20.0%) 

A A 0 (0.0%) 3 (9.7%)  3 (5.0%) 3 (6.7%) 

rs11168275 

A A 11 (35.5%) 9 (29.0%) 

0.78 

 19 (31.7%) 16 (35.6%) 

0.04 A G 15 (48.4%) 18 (58.1%)  36 (60.0%) 18 (40.0%) 

G G 5 (16.1%) 4 (12.9%)  5 (8.3%) 11 (24.4%) 

rs2254210  

G G  27 (87.1%) 18 (58.1%) 

0.03 

 26 (43.3%) 20 (44.4%) 

0.99 G A 4 (12.9%) 11 (35.5%)  31 (51.7%) 23 (51.1%) 

A A 0 (0.0%) 2 (6.5%)  3 (5.0%) 2 (4.4%) 

rs2238136 

G G 18 (58.1%) 17 (54.8%) 

0.99 

 38 (63.3%) 32 (71.1%) 

0.62 G A 13 (41.9%) 13 (41.9%)  19 (31.7%) 10 (22.2%) 

A A 0 (0.0%) 1 (3.2%)  3 (5.0%) 3 (6.7%) 

rs2853564 

A A 22 (71.0%) 15 (48.4%) 

0.07 

 28 (46.7%) 20 (44.4%) 

0.57 A G 9 (29.0%) 13 (41.9%)  26 (43.3%) 23 (51.1%) 

G G 0 (0.0%) 3 (9.7%)  6 (10.0%) 2 (4.4%) 

rs11168287 

A A 9 (29.0%) 8 (25.8%) 

0.89 

 17 (28.3%) 9 (20.0%) 

0.59 A G 17 (54.8%) 16 (51.6%)  30 (50.0%) 24 (53.3%) 

G G 5 (16.1%) 7 (22.6%)  13 (21.7%) 12 (26.7%) 

rs4328262 

A A 9 (29.0%) 11 (35.5%) 

0.94 

 23 (38.3%) 12 (27.3%) 

0.41 A C 18 (58.1%) 16 (51.6%)  30 (50.0%) 24 (54.5%) 

C C 4 (12.9%) 4 (12.9%)  7 (11.7%) 8 (18.2%) 

rs7302235 

A A 13 (41.9%) 15 (48.4%) 

0.92 

 32 (53.3%) 22 (48.9%) 

0.77 A G 16 (51.6%) 14 (45.2%)  24 (40.0%) 21 (46.7%) 

G G 2 (6.5%) 2 (6.5%)  4 (6.7%) 2 (4.4%) 

rs11168292 

G G 22 (71.0%) 17 (54.8%) 

0.45 

 35 (58.3%) 26 (56.5%) 

0.97 G C 8 (25.8%) 12 (38.7%)  19 (31.7%) 16 (34.8%) 

C C 1 (3.2%) 2 (6.5%)  6 (10.0%) 4 (8.7%) 

rs11568820 

G G 11 (35.5%) 13 (41.9%) 

0.86 

 35 (58.3%) 25 (54.3%) 

0.30 G A 17 (54.8%) 16 (51.6%)  20 (33.3%) 20 (43.5%) 

A A 3 (9.7%) 2 (6.5%)  5 (8.3%) 1 (2.2%) 
a 

Calculated using Chi-Square tests or Fisher’s exact tests 

 


