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INTRODUCTION 

In 2012, 1.7 million women globally were diagnosed with breast cancer and there were 6.3 

million women alive who had been diagnosed with breast cancer in the previous five years 

[1]. In countries with high and medium Human Development Index (HDI) an increased risk in 

female breast cancer has been observed [2]. Further, the pattern of age adjusted incidence 

rates as observed in Cancer Incidence in Five Continents report clearly indicate that breast 

cancer rates are high in developed countries and are much lower in less developed countries 

including India [3].  

Within India, there are likely substantial differences in the incidence rates of breast cancer in 

rural and urban areas: rates observed in urban registries are in the range of 29 – 35 per 100, 000 

whereas those observed in rural registries vary from 10-12 per 100,000. The lowest breast 

cancer incidence rates are found among women from the rural area of Barshi in Western India, 

and Dindigul Amblikkai, another rural area in the more developed South of India. Among 

urban Indian women, breast cancer incidence rates are almost three times higher than in rural 

women [4].  A twofold increased risk was observed in urban areas and a threefold increased 

risk was observed in metro areas compared to rural area [5]. The cause of this strong urban 

rural difference is not known although it is likely to be due to one or more westernised lifestyle 

related factors such as parity, breastfeeding, age at first birth and obesity, prevalence of which 

differs strongly between rural and urban women.   

Nulliparity and late age at first birth are the most consistently observed risk factors for breast 

cancer [6].  The risk among women who have their first child after the age of 30 is about twice 

that of women who have a first child before the age of 20.  Similarly, women who start 

menstruating early in life, or have a late menopause, also have an increased risk of developing 

breast cancer [7], possibly because of the increased number of ovulatory cycles and exposure 
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to estrogens and other breast tissue proliferative hormones.  It is also possible that extensive 

breastfeeding reduces the risk of breast cancer by suppressing the number of ovulatory cycles, 

although the evidence based on studies conducted in western populations is unclear [8].  

Overall however, these established risk factors account for only a small part of the large 

difference in incidence between developed and developing countries and other important risk 

factors for breast cancer remain to be identified. 

Higher body mass index has been found to increase the risk of breast cancer after menopause, 

although this has not been observed in all cohort studies which have examined the 

association.  Similarly, weight gain during adulthood has been identified as a risk factor for 

breast cancer in most studies in which it was investigated in post menopausal women.  Some 

studies have also observed that the weight gain at the age of 20 years increases the overall 

breast cancer risk [9].  Physical activity has also been hypothesized to protect against the 

development of breast cancer [10]. Green et.al has shown individual height as an independent 

risk factor in breast cancer [11]. There have been large Genome Wide Association Studies 

(GWAS) on breast cancer in most developed countries [12-15] showing low to modest 

associations between common polymorphisms and breast cancer risk. In India, however, there 

have been no GWAS studies and few properly designed retrospective studies with smaller 

sample size on genetic susceptibility to study this risk [16-18].  

GAPS IN LITERATURE 

It has been observed for long time that the rates of breast cancer differ in rural and urban areas. 

However, there are very few studies in literature to address the reasons for the differences in 

the breast cancer rates of rural and urban area. Obesity has been observed to be risk factor for 

postmenopausal breast cancer. However the contribution of different measures of obesity and 

their role in pre- and postmenopausal women is still not clear. In Indian context, there are no 
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large studies to address the issue of reproductive factors, obesity, age at last pregnancy, oral 

contraceptive use and genetic susceptibility in development of breast cancer. 

The present thesis proposal is designed to understand more clearly the reasons for rural-urban 

differences, and role of genetic susceptibility in development of breast cancer.  

HYPOTHESIS 

Anthropometric and Lifestyle related variables are the cause of large differences in occurrence 

of breast cancer in rural and urban areas. 

AIM 

Primary: To study role of anthropometric and other lifestyle related variables in causation of 

breast cancer in rural and urban areas. 

Secondary: To study role of genetic susceptibility in breast cancer. 

PRIMARY AIM 

To study role of anthropometric and other lifestyle related variables in causation of 

breast cancer in rural and urban areas. 

Study Population: A hospital based case-control study was conducted at Tata Memorial 

Hospital (TMH), Mumbai during the period of January 2009 to September 2013.  

Criteria for enrolment of cases: The cases were female breast cancer patients coming to 

TMH. Only primary breast cancer cases aged 20-69 were enrolled in the study with date of 

diagnosis not more than 6 months before the date of interview. All the breast cancer cases 

enrolled in the study were histologically confirmed.  

Criteria for enrolment of controls: All female visitors with no history of cancer coming 

along with any site cancer patient aged 20-69 were included in the study. Visitor controls 

coming to various Disease Management Group (DMGs) have been enrolled. Not more than 

20% controls have been enrolled from any of the DMGs, to avoid selection bias.  



6 

 

The study has been approved by TMH Institutional Review Board. Written informed consent 

was obtained from all participants before enrolling them in the study.  

Data Collection: In-person interview of each case and control was conducted by trained 

interviewers using a pre-tested structured questionnaire covering demographic and 

socioeconomic variables, reproductive history, time spent in household activities on a normal 

day, residential history, occupational history, personal and family medical history, tobacco 

and alcohol habits, and diet. Controls were frequency matched to cases on age and region of 

residence (South, North, East, West and Central India). Anthropometric measurements were 

taken at the end of the interview.  

Blood Collection: A 10ml blood sample was collected from each study participant and 

centrifuged into plasma and buffy coat. The blood components were then stored at -80
0
C.  

Definition of Rural and Urban areas: All study participants were asked to list all places of 

residence where they had lived for at least 1 year, starting with the place of birth. The rural 

and urban residence status was self reported by study participant. Study participants were 

stratified into rural and urban using four different definitions as follows: 

1. Ever lived in a rural area: If a study participant has lived in a rural area for 1 year or 

more in life is termed as a “rural participant”, whereas any participant who has never 

lived or lived less than 1 year in a rural area is termed as “urban participant”. 

2. First 20 years of life lived in a rural area: If a study participant has lived first 20 years 

of her life in a rural area, i.e., from age 0 to age 20, then participant is classified as 

“rural participant,” whereas any participant who has lived  less than 20 years in a rural 

area is classified as “urban participant”. 

3. Currently living in a rural area: Any study participant who has a current residence (at 

the time of enrolment) of 1 year or more in a rural area is termed as “rural participant”, 

versus a current residence in an urban area is an “urban participant”. 
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4. Total years lived in a rural area: 

a. 1-10 years: A minimum of 1 year and a maximum of 10 years lived in a rural area 

versus never lived in a rural area are categorized as rural and urban participants 

respectively. 

b. >10 years: If total years lived in a rural area is more than 10 years, study 

participant is categorized as rural or else urban. 

Anthropometric Measurements: Height (without shoes in cm) and weight in light clothing 

(in kg) of each study participant were measured using standard equipment. Weight was 

measured with light clothing. Waist size (in cm) was measured using a tape around the 

narrowest part of the trunk between the lower rib and level of the highest point of the margin 

of the hipbone, and hip size (in cm) was measured with light clothing at the widest part. All 

measurements were done twice in succession and averaged for a final value. Waist-to-hip 

ratio was computed by taking the ratio of waist size (in cm) and hip size (in cm). 

Definition of Menopausal status: Women with no history of menstrual period during the last 

12 months were classified as postmenopausal. The rest were treated as premenopausal.  

Quality Assessment for Questionnaire Based Data 

Preparation of Instruction Manual for filling up the Questionnaire in Case-Control Studies: In 

order to assure the homogeneity of data collection by the Social Investigators, an instruction 

manual and video recording was prepared. The instruction manual contains detailed guidelines 

and figures wherever required for better understanding of questions by the social investigator 

as well as the respondent [19].  

Preparation of Instruction Manual for Data Entry: In order to assure the homogeneity while 

entering the data, clear and precise instructions with predefined logical checks have been listed 

in the form of Manual [20]. 
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Monitoring of Daily Work: All forms were regularly checked for errors after conducting the 

interviews and after the data has been entered in the database. Weekly meetings were 

conducted to understand and resolve the problems of data collection. Training program was 

conducted every quarter so as to ensure the quality of interviews. The questionnaire was 

checked daily for completeness of information. 

Quality Checks on Data Entry: Logical Checks were prepared to identify errors in the data 

entry. The data was entered twice and corrected for errors between 2 entries, if any, occurred 

while entering the data. 

Reproducibility of Questionnaire: Abbreviated questionnaire was designed. This questionnaire 

contained constant (non changing in recent time) variables such as number of pregnancies, 

height, vegetarian /non-vegetarian status. The reproducibility questionnaire was completed for 

249 study participants (approx 8% of total enrolled in study). Details of main measured 

exposures are shown in Table 1. 

Table 1: Reproducibility of Measured Exposure 

 

Correction of differences between Data entry 1 & 2: There were 207 variables which were 

corrected for any differences observed between the 2 data entries.  

Statistical Analysis: The odds ratios (OR)s of developing breast cancer and their 95% 

confidence intervals (CI)s for anthropometric measurements and reproductive factors were 

estimated separately by residential status (Rural/Urban) and menopausal status. Unconditional 

logistic regression models were adjusted for potential confounders (age, region of residence, 

rural-urban status, education, age at first full-term pregnancy, waist-to-hip ratio (WHR), 

height, menopausal status, number of abortion and miscarriage). The ORs for age at first full-

Variable  Study Mean (Reproducibility 

Mean)  

Coefficient of Correlation 

(%)  

Age  46.90 (47.17)  92.25  

Number of Pregnancies 4.06 (3.99)  91.07  

Height 156.92 (157.18)  96.51  
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term pregnancy were estimated after adjusting for number of full-term pregnancies in addition 

to above mentioned variables.  Weight in kg as continuous variable was entered in the model 

for estimating OR for WHR and height in addition to above variables. All analysis were 

performed using the statistical package Stata version 12 [21]. Tests for linear trend across 

levels of exposure categories were performed on the continuous categorical variables entered 

as ordered, quantitative variables into the models.  

Result & Discussion: Questionnaire data was collected on 1637 breast cancer cases and 1515 

female controls. All the results were adjusted for the confounding variables unless mentioned 

otherwise. 

A protective association was observed using all the definitions of “rural” [Ever lived in rural 

area – OR=0.81; 95% CI - 0.71-0.94); More than 10 years lived in rural area – OR=0.81; 95% 

CI - 0.70-0.93); first 20 years of life lived in rural area – OR=0.65; 95% CI - 0.56-0.76)] 

except in women who were currently residing in rural area at the time of enrolment after 

adjusting for confounding variables such as age and region of residence. On further 

adjustment for additional risk factors viz. age, region of residence, education, age at first full-

term pregnancy, height, WHR and menopausal status; only women who lived first 20 years of 

life in rural area showed protection against breast cancer (OR=0.77; 95% CI - 0.65-0.92).  

However, most of the etiological studies have used current area of residence as definition for 

rural
 
[22-23] and limited studies which have taken early years of life spent

 
[24] or place of 

birth
 
[25-26] in rural areas as definition for “rural”. The current residence as demonstrated in 

the present study is not a good marker for studying the effect of rural environment on the risk 

of breast cancer, as exposures in early life may be more important in the development of 

breast cancer compared to current exposures [27]. For instance, strenuous physical activity at 

younger age can delay both menarche and onset of regular menstrual cycle [28]. Further, the 

individuals migrating from rural area to urban area in adulthood might not change their 
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lifestyle and adhere to rural life; therefore they may continue to get protection from breast 

cancer even if they are currently residing in urban areas which have been clearly 

demonstrated in the present study. Therefore, in all the further analysis women who lived first 

20 years of life in rural area were designated as ‘rural participants’ else stratified as urban. 

Prevalence of ER/PR negative (60.9%) cases was higher in rural area compared to urban area 

where the prevalence was observed to be 54.3%.  A statistically significant difference (P = 

0.018) in the prevalence of Triple Negative Breast Cancer (TNBC) tumours was observed in 

the rural area (44.2%) compared to urban area (34.3%).  

Women who had 4 or more live births showed a protective association with OR = 0.66 (95% 

CI - 0.49-0.87) as compared to women with 1 live birth after adjusting for confounding 

variables and without stratification for rural-urban status. The significant protection was 

observed only in rural women (OR = 0.42; 95% CI-0.24-0.75). Age at first full-term 

pregnancy proved to be an important risk factor in the development of breast cancer. Women 

who had their first full-term pregnancy after age 25 had a significantly elevated risk of breast 

cancer compared with women who had first full-term pregnancy below 20 years of age (OR = 

1.83; 95% CI-1.41-2.36). This protection was observed in both rural areas (OR = 2.24; 95% 

CI-1.13-4.43) and urban areas (OR = 1.78; 95% CI-1.32-2.41). A statistically significant 

linear trend was observed among the categories of age at first full-term pregnancy. The 

lifestyle patterns among women living in urban areas  has changed considerably, with women 

attaining higher level of education, postponing marriage, postponing their first child to an 

older age, and having fewer pregnancies over time [29-30]. An indication has been observed 

in this study that use of OC may increase the risk of breast cancer particularly for women 

residing in urban area (OR = 1.28; 95% CI-0.93-1.76). Two or more than 2 induced abortions 

has been observed to be a risk factor of breast cancer overall (OR = 1.65; 95% CI-1.25-2.17),   

urban (OR = 1.58; 95% CI-1.15-2.16) and rural women (OR = 2.08; 95% CI-1.16-3.72). Even 
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a single miscarriage provides a protection against breast cancer in rural (OR = 0.62; 95% CI-

0.41-0.95) and urban women (OR = 0.79; 95% CI-0.58-1.06) possibly due to its protection 

acquired by pregnancy. However the results observed for abortion and miscarriage has to be 

interpreted considering the possibility of recall bias, a limitation of case-control studies. A 

time difference of 10 years or more between age at menarche and age at first full-term 

pregnancy was observed to be significantly associated in urban women (OR = 1.36; 95% CI-

1.11-1.68), but not in rural women (OR = 1.43; 95% CI-0.91-2.24). 

Height has been consistently associated with an increase in breast cancer risk [11, 31]. In the 

present study, for every 5 cm increase in height the OR of 1.10 (95% CI-1.02-1.19) was 

observed in the urban area, but not in rural area (OR = 1.05; 95% CI-0.93-1.19). The 

increased risk of breast cancer for WHR of ≥0.95 when compared to WHR of <0.85 was 

observed to be OR = 3.78 (95% CI-2.92-4.89) without stratifying on rural-urban status; in 

urban women (OR = 4.07; 95% CI-3.00-5.53) and rural women (OR = 3.00; 95% CI-1.84-

4.90). A significant positive association with WHR has been reported in both pre- and 

postmenopausal women, a result similar to that observed in two meta-analysis report [32-33]. 

SECONDARY AIM 

To study role of genetic susceptibility in breast cancer. 

DNA Preparation: Buffy coat samples were available for 1214 cases and 1293 controls. 

Genomic DNA was extracted from buffy coat using Qiagen QiAamp Blood DNA MidiKit 

and Macherey Nagel Nucleomag Blood kit. Concentration of each DNA sample was 

determined by the optical density (OD) at 260 nm and the purification was evaluated by OD 

260/280 ratio. All DNA samples were also quantitated using Quant-iT PicoGreen dsDNA 

reagent, and purity was assessed by measuring the UV absorbance for accuracy. The quality 

of genomic DNA was assessed on 5% samples using 0.8% agarose gel. 1204 cases and 1212 

controls had sufficient yield to proceed with genotyping. DNA concentrations were adjusted 
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to 50ng/µl and verified using Quant-iT PicoGreen dsDNA reagent. The aliquots of DNA were 

stored at -20
0
C.  

Design of Custom SNP Panel: A customized panel of 384 single nucleotide polymorphisms 

(SNPs) was designed using a mixture of 3 strategies which are as follows 

1. Candidate SNP Studies:  All candidate SNP studies which have been significantly 

associated with breast cancer and suggested by collaborator on basis of animal experiments 

were included under this criterion using HuGE Navigator [34].  Total SNPs selected from this 

category were 96.  

2. GWAS: The GWAS snps were identified using HuGE Navigator [35] and NIH GWAS 

Catalog [36]. The SNPs which were positively associated (p value < 10
-5

) with following 

diseases or traits (the number of snps selected in the respective category mentioned in 

parenthesis) were included: 

Body Mass Index (37); Breast Cancer (51); Insulin Like Growth Factors (1); Menstruation 

and Menopause (41); Obesity (29); Waist-to-Hip Ratio (2). A total of 161 snps were 

identified using this strategy.  

3. Bioinformatics Tool: 127 tag snps were selected using this strategy. Obesity search term 

was used in Gene evidence [37] tab of HuGE Navigator. Thirty three genes had a score of 

0.05 or more which were uploaded on the Candidate gene SNP selection (Genepipe) pipeline 

of “SNPinfo” a web-based SNP selection tool [38]. The algorithm used for selecting SNPs is 

as follows: Five kb upstream and 1 kb downstream of the gene coordinate were included in 

the selection. Only SNPs showing a minor allele frequency (MAF) of 0.05 or greater were 

included. Tagging proportion cut-off to filter gene was kept 0.8 and LD threshold cut off was 

kept 0.8. Minimum number of snps tagged by a tag snp was kept as 3. In order to ensure that 

each gene has some coverage a minimum of 1 tag snp to a maximum of 100 tag snps per gene 

were included. Further SNPs were filtered using the functional SNP prediction in “Genepipe” 
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that cause an amino acid change, those that may alter the functional or structural properties of 

the translated protein, disrupt transcription factor binding sites, disrupt splice sites or other 

functional sites.  

Quality Assessment of Genotyping: Genotyping was performed on the Illumina Hi-Scan 

using GoldenGate Genotyping (GGGT) Custom SNP Panel assay (Illumina Inc., San Diego, 

CA). GGGT assay was performed on 1204 cases and 1212 controls (Total: 2416) for 384 

custom selected SNPs. Intraplate and interplate replicates (7% approx.) were included on all 

plates and in all batches. Blinded duplicates were also included on all plates as another QC 

measure. The reproducibility rate of all the replicate samples (n=160) for all the assays was 

>98%. Also negative controls were run in some of the assays to check for any inter sample 

contamination. After excluding 17 samples with call rate <90%, a total of 2399 samples were 

included in final analysis. Further, 16 SNPs with diffused clusters, 6 SNPs with call frequency 

<95%, 4 SNPs with MAF<1% and 6 SNPs with substantial deviation from Hardy-Weinberg 

Equilibrium (p<0.001) were excluded to have a list of 352 SNPs for final analysis. All SNPs 

had a Gen train score value of 0.4 and above leading to no exclusions of SNPs due to poor 

cluster quality. 

Statistical Analysis: A chi-square test was used to verify whether the observed genotype 

frequencies were in Hardy-Weinberg equilibrium. Principal Component Analysis was 

conducted to evaluate the potential effects of population structure between the samples. There 

was no significant difference in eigenvector loadings for the first five factors showing that the 

regional differences in structure were a minor source of population variability. Therefore, the 

analysis were not conditioned on region. Unconditional logistic regression was used to 

estimate OR and corresponding 95% CI between genotypes and case status. The genotypes 

were coded as 0=wild type, 1=heterozygous and 2=homozygous variant. The models fitted 

were additive (continuous effect of increasing number of variant alleles - 0 versus 1 versus 2), 
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dominant (0 versus 1 and 2), recessive (0 and 1 versus 2) and genotypic (0 versus 1, 0 versus 

2). Positive associations were defined as an OR larger than 1, whereas an inverse association 

was specified by an OR below 1. To limit the probability of false-positives due to multiple 

testing, a false discovery rate method of Benjamini and Hochberg [39] was used to calculate 

q-value. A false discovery rate cut-off of 0.05 was applied to select the top SNPs, which 

limited the probability of false-positives due to multiple tests that were carried out. All the 

analysis were performed using the statistical software Stata version 12.0 and PLINK v1.07 

[40-41]. 

Results and Discussion: Out of 384 SNPs genotyped a total of 32 SNPs were excluded from 

final analysis due to various reasons mentioned above. From 352 SNPs which were analysed 

4 SNPs in FGFR2 gene using genotypic model (homozygous dominant v/s homozygous 

recessive) i.e. rs1219648, rs2420946, rs2981575 and rs2981582 showed positive association 

having OR 1.32 (1.02-1.70), 1.42 (1.10-1.82), 1.33 (1.04-1.70), 1.31 (1.02-1.68), 1.47 (1.11-

1.94) respectively with breast cancer. FGFR2, fibroblast growth factor receptor 2, encodes a 

receptor tyrosine kinase that is amplified and over expressed in breast cancers. 

Polymorphisms in FGFR2 associated with breast cancer conferred a 20% increased risk of 

breast cancer among heterozygotes and a 60% increased risk among homozygotes with 

variant allele when compared to wild type homozygotes [42-43]. Recently a meta analysis has 

also observed a similar association of rs1219648, rs2420946 and rs2981582 in Caucasians 

and East Asians in ER+/PR+ tumours of breast cancer [44]. 

rs374748 on FBN2 (Fibrillin) which had been associated with obesity in previous studies [45] 

have been found to be positively associated with breast cancer in this study which may be due 

to well known association of obesity and breast cancer.   Some of the other SNPs which had 

shown association with body mass index (BMI) [46] and obesity [47-48], weight gain or 

overweight and showed positive association with breast cancer in this study are  rs2922763 
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Hepatocyte Nuclear Factor 4-Gamma (HNF4G), rs2116830 (KCNMA1 - Potassium Channel, 

Calcium-Activated, Large Conductance, Subfamily M, Alpha Member 1) and rs10953454 

(LHFPL3 - Lipoma HMGIC Fusion Partner-Like 3).  A positive association was observed 

with SNPs rs11121832, rs16886165, rs11594610 and rs2274459 in genes MTHFR 

(Mitochondrial Carrier Homolog 2), MAP3K1 (Mitogen-Activated Kinase Kinase Kinase 1), 

TCF7L2 (Transcription Factor 7-Like 2) and MLN (Motilin) respectively.  

SUMMARY AND CONCLUSIONS 

The strongest risk factors associated with breast cancer after adjusting for confounding 

variables are as follows: 

1. For every 2 year increase in the age at first full-term pregnancy there is a 10% increase 

in risk of breast cancer.  

2. For every 5 cm increase in height there is an increase of breast cancer with OR = 1.09 

(95% CI-1.02-1.17). 

3. WHR showed strong significant positive association with breast cancer in both rural-

urban areas and in pre- and postmenopausal women. The risk was more than 3-fold in 

highest category (≥0.95) as compared to lowest category (<0.85). 

4. Four SNPs selected from FGFR2 gene were positively associated with breast cancer. 

Some of the other SNPs identified in this study are rs11121832, rs16886165, 

rs11594610, rs2116830 and rs2274459 in genes MTHFR, MAP3K1, TCF7L2, 

KCNMA1 and MLN respectively. These are SNPs related to inflammation, obesity 

and signal transduction pathway. 

The current study demonstrates that protection observed for breast cancer by living in a rural 

area is possibly because of less prevalence of risk factors viz. late age at first full-term 

pregnancy and central obesity which are observed to be strongly involved in the disease 

etiology. It’s therefore possible to adopt public health strategies to prevent/reverse increasing 
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trends of breast cancer by monitoring the lifestyle. The strategies to reduce central obesity 

(and not only BMI) should be evolved as this will be helpful not only in the prevention of 

breast cancer but also other non communicable diseases.  Efforts should be made to prevent 

late age at first pregnancy by proper counselling and informing about the risk associated with 

it.  
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1.1 Biology of Breast Cancer 

1. 1.1 Anatomy of Breast 

The adult breast sits atop the pectoralis muscle, atop the ribcage. The breast tissue extends 

horizontally (side-to-side) from the edge of the sternum out to the midaxillary line. There are 

about 15 to 20 lobes in each breast [1]. Each lobe has 20 to 40 lobules. Small ducts are 

attached to the lobules. These ducts join together like branches of grape stems into 

increasingly larger ducts. There are about 10 duct systems in each breast, each with its own 

opening at the nipple [2] (Figure 1.1). 

Figure 1.1: Structure of the Breast 

 

 

 

 

 

 

 

 

 

 

The breasts can be divided into quadrants for purposes of location of abnormalities. The four 

quadrants are the:  

 UIQ: Upper Inner Quadrant  

 LIQ: Lower Inner Quadrant  

 UOQ: Upper Outer Quadrant  

 LOQ: Lower Outer Quadrant  
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The exact locations within the quadrants can be represented by viewing each breast separately 

as a clock face. The majority of Breast Cancer (BC) occur in the upper outer quadrant of the 

breast.  

The blood supply to the breast is derived from 3 sources.  The predominant supply of blood 

comes from the perforating branches of the internal mammary arteries, derived from the 

internal thoracic artery.  The breast is further supplied by the lateral thoracic and 

thoracoacromial arteries (branches of the axillary artery) as well as posterior intercostal 

arteries (branches of the thoracic aorta). 

Venous drainage of the breast is mainly accomplished by the axillary vein.  The subclavian, 

intercostal, and internal thoracic veins also aid in returning blood to the heart. 

The lymphatic drainage of the breast deserves special attention, due to its role in the 

metastasis of cancer cells.  The majority of lymph (>75%), particularly from the lateral 

quadrants, drains to the axillary lymph nodes.  The remainder of lymph drains to either the 

parasternal nodes or the opposite breast (medial quadrants) or the inferior phrenic nodes 

(lower quadrants).  With the exception of the nipple and areola, lymph from the skin of the 

breast drains into the axially, inferior deep cervical, infraclavicular, and parasternal nodes 

(depending on the location of the vessel) [3]. 

1.1.2 Tumour size and lymph node involvement 

Tumour size is defined as the largest diameter of the tumour and is a prognostic factor for BC 

death regardless of other tumour characteristics [4,5]. Lymph node involvement is another 

important independent prognostic factor [5]. Women with lymph node involvement have 

poorer prognosis compared to women without lymph node involvement, and increasing 

number of affected lymph nodes are associated with poorer prognosis. Tumour size and 

lymph node involvement are correlated, and none of them seems to be predictive of treatment 

effect [6]. 
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1.1.3 Morphology 

Breast tumours are almost exclusively adenocarcinomas. Rarely, sarcomas or lymphomas 

develop, but these tumours are generally excluded when studying BC. The morphology of the 

breast tumour has been in clinical use for a long time, and current classifications are 

modifications from the classification made by Fraser in 1927 [7]. They are simply classified 

by their morphological appearance in the microscope. Still, the underlying carcinogenesis 

resulting in different histological types is largely unknown, and combinations between 

different types are common.  

The two most common histological types of BC are derived from the breast glandular ducts 

and lobules, respectively. Ductal tumours make up the majority of BCs, and lobular cancers 

compose 5-15% of BCs [8]. Compared to ductal cancer, lobular cancer is more common 

among older women and is more often ER+, multifocal and bilateral. The metastatic pattern is 

also somewhat different. Despite these differences, ductal and lobular BC have similar 

prognosis [9,10]. There are also other rarer but well-defined histological types of BC; 

mucinous, medullary, papillary and tubular cancers. Tubular cancers are by definition of low 

grade, and correctly classified of having excellent prognosis [10,11].  

1.1.4 Estrogen and Progesterone Receptors 

Estrogen Receptors (ER) and Progesterone Receptors (PR) belong to the nuclear receptor 

super family. 

The classic mechanism of these receptors is to be activated by ligands (estrogen and 

progesterone) that bind to the receptor. The ligand-bound receptor then binds another ligand-

receptor complex. Together with coactivators, corepressors, and other transcription factors in 

the cell nucleus this dimer binds to promoter regions of the DNA thereby influencing gene 

transcription [12]. In normal breast tissue, the concentrations of ERα are low, and expressed 

in cells in the tubulo-lobular alveolar unit of the breast. The cells expressing ERα almost 
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never simultaneously express proliferation markers. They are instead expressed in adjacent 

cells. In premalignant breast tissue, ERα is expressed at higher concentrations in a larger 

proportion of the cells, and often together with proliferation markers. In BC, 60-80% of 

tumours express ERα, often at high levels [13]. The proportion of tumours expressing ER 

increases with increasing age [14]. PRs exist in two variants, PRA and PRB. The two variants 

come from the same gene, but are regulated by two different estrogen-regulated promoters 

[15]. In normal breast tissue, PRA and PRB are similarly expressed, while in atypical 

hyperplasia, non-invasive and invasive BC, PRA and PRB are heterogeneously expressed in 

adjacent cells, and PRA is often much more expressed than PRB in noninvasive and invasive 

cancers [16].  

Currently, receptor status is assessed with immunohistochemical methods, with at least 10% 

positive nuclei as a common cutoff [17]. ER and PR are correlated to each other. Absence of 

PR in Estrogen Receptor Positive (ER+) tumours has been found to be correlated to tamoxifen 

resistance, and proposed to be an indication of nonfunctioning ER. However, recent data 

indicate that these tumours are not resistant to aromatase inhibitors, and that absence of PR 

instead indicates increased growth factor signaling [18,19]. 

ER and PR are prognostic factors, in that the survival pattern differs between receptor positive 

and negative tumours [14]. Estrogen Receptor Negative (ER-) and Progesterone Receptor 

Negative (PR-) tumours have a high mortality peaking around two years after diagnosis, then 

crossing the receptor positive curves to a much lower mortality rate. On the other hand, ER+ 

tumours have a rather constant mortality. Consequently, ER+ tumours have a better survival 

in the first years after diagnosis, but 15 years after diagnosis, the BC survival is unrelated to 

ER status [6,20]. ER and PR are treatment predictive factors. A majority of tumours 

expressing ER and PR respond to anti-estrogenic therapy, both in the adjuvant and metastatic 

setting. ER+PR- tumours respond to tamoxifen, but not as good as ER+/PR+ tumours [21], 
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and recent data indicate that these tumours are more likely to respond to aromatase inhibitors 

[18]. ER- tumours do not respond to anti-estrogenic therapy [6] Human Epidermal Growth 

Factor Receptor 2 (HER2) proto-oncogene encodes a tyrosine kinase situated in the cell 

membrane. It is over-expressed in approximately 30% of BCs and associated with more 

aggressive tumour characteristics and poorer survival [5]. 

1.1.5 Molecular Subtypes 

Most studies divide BC into four major molecular subtypes:  

 Luminal A  

 Luminal B  

 Triple negative/basal-like  

 HER2 type  

Other less common molecular subtypes have also been described including normal breast-

like, apocrine molecular type and claudin-low type. BCs that do not fall into any of these 

subtypes are often listed as unclassified.   

At this time, molecular subtypes are used mostly in research settings and are not included in 

pathology reports. Prognosis and treatment decisions are still guided by tumour stage, 

hormone receptor status and HER2 status.   

The complex profile of each subtype is determined using molecular and genetic information 

from tumour cells. However, some characteristics (including hormone receptor status, HER2 

status and proliferation rate) can be used to roughly define the four major subtypes (Table 

1.1). Much of what is known about the four subtypes is related to these characteristics that are 

already well understood. Most BCs are luminal tumours. Luminal tumour cells look the most 

like the cells of BCs that start in the inner (luminal) cells lining the mammary ducts.   

 

 

javascript:SpotLight('iframe','Popup/prognosis.htm',325,160);
http://ww5.komen.org/BreastCancer/StagingofBreastCancer.html
http://ww5.komen.org/BreastCancer/TumorCharacteristics.html
http://ww5.komen.org/BreastCancer/TumorCharacteristics.html#her2
javascript:SpotLight('iframe','Popup/duct.htm',325,160);
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Table 1.1: Molecular Subtypes of Breast Cancer 

Subtype  These tumours tend to be
a
   Prevalence (approximate)  

Luminal A ER+ and/or PR+, HER2-, 

low Ki67 

40% 

Luminal B ER+ and/or PR+, HER2+ (or 

HER2- with high Ki67) 

20% 

Triple negative/basal-like ER-, PR-, HER2- 15-20% 

HER2 type ER-, PR-, HER2+ 10-15% 
Abbreviations:ER+ Estrogen Receptor Positive, ER-, Estrogen Receptor Negative; HER2+, Human Epidermal 

Growth Factor Receptor Positive;  HER2-, Human Epidermal Growth Factor Receptor Negative; PR+, 

Progesterone Receptor Positive; PR- = Progesterone Receptor Negative  
a
These are the most common profiles for each subtype. However, not all tumours within each subtype will have 

all these features.  

Adapted from selected sources [22,23]. 

 

1.1.5A Luminal A  

Luminal A tumours tend to be ER+ and/or Progesterone Receptor Positive (PR+), Human 

Epidermal Growth Factor Receptor 2 Negative (HER2-) and are tumour grade 1 or 2. Fewer 

than 15% of luminal A tumours have p53 mutations, a factor linked with poorer prognosis 

[22].   

Of the four subtypes, luminal A tumours tend to have the best prognosis, with fairly high 

survival rates and fairly low recurrence rates [23,24]. Because luminal A tumours tend to be 

ER+, treatment for these tumours often includes hormone therapy.  

1.1.5B Luminal B  

Luminal B tumours tend to be either ER+ and/or PR+. They are highly positive for Ki67 

(have a high number of cancer cells actively dividing) and/or Human Epidermal Growth 

Factor Receptor Positive (HER2+)  

Women with luminal B tumours are often diagnosed at a younger age than those with luminal 

A tumours [25] and, compared to luminal A tumours, they tend  to have factors that lead  to a 

poorer prognosis including [26] poorer tumour grade, larger tumour size, lymph node-positive 

http://ww5.komen.org/BreastCancer/TumorGrade.html
javascript:SpotLight('iframe','Popup/prognosis.htm',325,160);
javascript:SpotLight('iframe','Popup/recurrence.htm',325,160);
javascript:SpotLight('iframe','Popup/prognosis.htm',325,160);
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and p53 gene mutations (about 30%). In some studies, women with luminal B tumours have 

fairly high survival rates, although not as high as those with luminal A tumours [22,24].  

1.1.5C Triple negative/basal-like   

Triple negative breast cancers (TNBC) are ER-, PR-, HER2-. There are several subsets of 

TNBC. One subset is referred to as basal-like because the tumours have cells with features 

similar to those of the outer (basal) cells surrounding the mammary ducts. Most basal-like 

tumours contain p53 mutations [22].  

Most triple negative tumours are basal-like and most basal-like tumours are triple negative. 

However, not all triple negative tumours are basal-like and not all basal-like tumours are 

triple negative. About 15-20% of breast cancers are triple negative or basal-like [22,23]. 

These tumours tend to occur more often in younger women and African-American women 

[22,25,27,28]. And, most Breast Cancer 1, Early Onset (BRCA1) BCs are both triple negative 

and basal-like [27,29,30].  Triple negative/basal-like tumours are often aggressive and have a 

poorer prognosis (at least within the first five years after diagnosis) compared to the ER+ 

subtypes (luminal A and luminal B tumours) [31].   

1.1.5D HER2 type  

The molecular subtype HER2 is not the same as HER2+ and is not used to guide treatment. 

Although most HER2 type tumors are HER2+ (and named for this reason), about 30% are 

HER2-. HER2 type tumors tend to be ER-,  PR-, Lymph node-positive and poorer tumour 

grade [24,32].  

About 10-15% of BCs have this molecular profile [22,23]. About 75% of HER2 type tumours 

contain p53 mutations [32].   

HER2 type tumours have a fairly poor prognosis and are prone to early and frequent 

recurrence and metastases [28,33,34]. Women with HER2 type tumours appear to be 

diagnosed at a younger age than those with luminal A and luminal B tumours [23].    

javascript:SpotLight('iframe','Popup/duct.htm',325,160);
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1.2 Descriptive Epidemiology  

Every day, thousands of women around the world from all walks of life are diagnosed with 

BC. It is by far the most common cancer amongst females worldwide with nearly one million 

new cases each year, representing one in five of all female tumours. Overall BC accounts for 

21% of all cancer diagnoses in women. BC is the most common cancer in women in high-, 

middle- and low-income countries [35].  

1.2.1 Burden of Disease 

Worldwide 1,676,633 women were diagnosed with BC. The burden of BC is higher in less 

developed regions with 882, 949 cases than in more developed regions with 793, 684 cases 

estimated by Globocan, 2012. India itself has burden 144,937 BC cases. This implies that, 

though, the percentage of total women affected seems less, the BC burden in India has almost 

reached about 2/3rds of some of the developed nations and is steadily rising [36]. 

1.2.2 Incidence 

BC incidence is fast increasing in economically transiting countries though incidence rates in 

high income countries are nearly three times higher than in middle- to low-income countries. 

Around the world, age adjusted incidence rates range from 75-100 per 100, 000 women in 

North America, Northern Europe, and Australia, to less than 20 per 100, 000 in parts of Africa 

and Asia [37] (Figure 1.2). The adaptation of a western lifestyle – an increased prevalence of 

ill-defined series of reproductive, hormonal and dietary determinants in the population – has 

been postulated as a primary reason for the increasing BC incidence rates observed among 

Asian and Asian American women [38].  
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Figure 1.2: Age standardized (world) Incidence rate (per 100,000) of Female Breast 

Cancer (All ages). 

 

1.2.3 Survival 

The 5-year survival for female BC is higher than for most other types of cancer. Five year 

survival ranges from 90 to less than 50%, depending on the characteristics of the tumour, its 

size and spread, and the availability of treatment [39]. A considerable difference has also been 

reported in average 5-year survival in low to middle income countries having less than 60% in 

Brazil and Slovakia and less than 40% in Algeria as compared to high income countries 

having average 5-year survival proportion of more than 80% in North America, Sweden, 

Japan, Finland and Australia [39]. The low survival at the end of 5 years in middle- and low-

income countries can be explained mainly by a lack of early detection programmes, resulting 

in a high proportion of women presenting with late-stage disease, as well as by a lack of 

adequate diagnosis and treatment facilities [40–43]. Educational and cultural barriers also 

exist for women in less developed countries which often lead to late presentation, such as lack 
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of awareness of BC, an incorrect belief that the disease is incurable or contagious, the stigma 

of having a mastectomy and fear of rejection by their partner or community [44,45]. 

1.2.4 Mortality 

The World Health Organization (WHO) has estimated that female BC resulted in a total of 

5,884,000 years of life lost globally during 2004. This represented just over 1% of all 

premature mortality amongst females, but there was a large amount of variation in this 

proportion between regions, ranging from around 8% in parts of Europe to less than 0.5% in 

Africa [46]. There is a three-fold variation in mortality by regions of the world, with rates in 

excess of 20 deaths per 100,000 in Southern Africa, Western Africa and Northern Europe in 

contrast to 7 to 9.4 deaths per 100,000 in Eastern and Southern Asia [37,47] (Figure 1.3). 

Rapid increases in mortality have been reported in parts of Asia, Africa and Central/South 

America [48,49], which have been attributed to rising incidence in conjunction with lower 

survival. This contrasts with widespread decreasing trends in BC mortality rates of between 

2.0% and 3.0% per year throughout North America, parts of Europe and Australia that 

generally commenced around the late 1980s/early 1990s [50,51]. 

Figure 1.3: Age Standardized (world) Mortality Rate (per 100,000) of Female Breast 

Cancer (All ages).  
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1.2.5 Time trends in Incidence 

The most recent incidence data indicate signs of a plateau in time trends in developed world 

during the mid-1990s, particularly in the Netherlands, Sweden and in England and Wales 

[52]. Differential trends among pre- and postmenopausal women has been observed in many 

European countries, where the increases in incidence were observed to be relatively minor in 

35–49 years old women but greater in women 50–69 years old.  In the U.S. and Canada, BC 

incidence among postmenopausal women increased in the 1980s and 1990s, stabilized in the 

late 1990s [53] and declined around 2003 [54], most likely due to saturation of 

mammography screening [55].  

In economically-transiting countries like India and China, incidence rates are increasing, and 

are predicted to increase further in the next few decades [56,57].  Most registries in India have 

exhibited rising incidence rates of BC in recent years [58]. As an example, reproductive 

lifestyle factors appear to be changing in India, with the percentage of women married by the 

age of 18 declining from 54.2% in 1992-93 to 44.5% in 2005-06.  Similarly parity has 

reduced from 3.39 live-born children per woman delivered in 1992-93 to 2.68 by 2005-06. 

The use of contraceptive pill has increased from 1.2% to 3.1% [59]. Further the observations 

may also be explained by differences in the prevalence of specific risk factors in India that 

increase the risk of pre- or postmenopausal BC, such as obesity  [60,61].  

1.2.6 Incidence rates in Rural and Urban India 

The rates are fast increasing in developing countries like India [62]. However, there are 

substantial differences in the incidence rates of BC within rural and urban areas of India. 

Rates observed in metro registries are in the range of 29 – 35 per 100, 000 whereas those 

observed in rural registries vary from 11 -12 per 100,000 [58]. The lowest BC incidence rates 

are found among women from the rural area of Barshi in Western India, and Dindigul 

Amblikkai, another rural area in the more developed South of India (Table 1.2). An increasing 
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order of rate ratio was observed in the present study from rural to urban to metro regions, 

clearly suggesting the underlying differences in the incidence rates between rural and urban 

regions (Table 1.3). A twofold increased risk was observed in urban areas and a threefold 

increased risk was observed in metro areas compared to rural areas [63]. The cause of this 

strong urban: rural difference is not known although it is likely to be due to one or more 

lifestyle factors whose prevalence differs strongly between rural and urban women.  

 

 

 

 

 

 

 

 

 

 

 

Table 1.2: Breast Cancer incidence in South Asian and Western Population (AAR) 

Rural Population
 
 Town/Small 

City 

Population
a
 

Urban 

Population
a 
 

Western Population
b
 

Barshi  Rural(12.30)
 a
  Barshi Town 

(14.40)
 
 

Bangalore (36.60)  US - SEER 9 White (91.8)  

Ahmedabad – rural 

(11.10)
a
  

Aurangabad 

(18.80)
 
 

Bhopal (27.40)  UK, England Thames (82.6)  

Dindigul Amblikkai  

(13.80)
c
  

Chennai (32.60)  

Mumbai (31.00)  

Abbreviations: AAR, Age Adjusted Incidence Rate (world) per 100,000 population 
a 
NCRP (2009 – 2011)  

b 
Cancer Incidence in five Continents Vol X (2003 – 2007)  

c 
Personal Communication  
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Table 1.3: Incidence rate and Rate ratio of developing Breast Cancer in selected cancer 

registries stratified by Rural, Urban, and Metro regions 

Regions Indian registry Year AAR 
Rate 

Ratio 
95% CI 

Rural 
Barshi 2009-2010 12.30 Reference 

Ahmedabad rural 2009-2010 11.08 0.90 0.64-1.26 

Urban 

Aurangabad 2009-2010 18.78 1.53 1.13-2.06 

Bhopal 2009-2010 27.39 2.23 1.76-2.82 

Wardha 2010-2011 18.26 1.48 1.11-1.98 

Metro 

Bangalore 2008-2009 36.65 2.98 2.51-3.54 

Chennai 2009 32.63 2.65 2.17-3.25 

New Delhi 2008-2009 32.18 2.62 2.19-3.12 

Mumbai 2008-2009 30.97 2.52 2.10-3.01 

Nagpur 2009-2010 32.46 2.64 2.15-3.24 

Pune 2009-2010 23.27 1.89 1.52-2.36 

Thiruvananthapuram 2009-2011 35.07 2.85 2.34-3.47 

North 

East 

regions 

Aizawl District 2009-2010 30.33 2.47 1.67-3.64 

Cachar District 2009-2010 16.44 1.34 1.00-1.78 

Dibrugarh District 2009-2011 10.63 0.86 0.62-1.21 

East Khasi Hills 2010-2011 12.10 0.98 0.67-1.44 

Imphal West District 2009-2010 14.36 1.17 0.80-1.69 

Manipur (excluding 

Imphal West) 
2009-2010 7.59 0.62 0.42-0.91 

Kamrup Urban 

District 
2009-2011 22.76 1.85 1.43-2.39 

Manipur 2009-2010 9.14 0.74 0.52-1.06 

Meghalaya 2010-2011 9.10 0.74 0.51-1.07 

Mizoram 2009-2010 16.40 1.33 0.97-1.84 

Mizoram (excluding 

Aizawl) 
2009-2010 8.54 0.69 0.45-1.06 

Nagaland 2010 9.52 0.77 0.42-1.43 

Sikkim 2009-2011 8.56 0.70 0.46-1.04 

Tripura 2010 7.16 0.58 0.39-0.87 

Abbreviations: AAR, Age adjusted incidence rate (world) per 100,000; CI, Confidence interval; NCRP, National 

Cancer Registry Program.  

Source: NCRP (2009-2011). 
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1.3 Etiology 

1.3.1 Reproductive Factors 

Some reproductive factors modify sex hormone levels; reduction in overall estrogen exposure 

may partly explain the link between reproductive factors and BC risk. 

1.3.1A Age at Menarche and Menopause 

Menarche and menopause are markers of onset and cessation, respectively, of ovarian and 

related endocrine activity associated with reproduction. During women's reproductive years 

(broadly the time between menarche and menopause) the ovary produces steroid hormones 

that directly affect development and function of the breast. Early menarche and late 

menopause are known to increase women's risk of developing BC. BC risk increases by 5% 

for each year younger at menarche and a 3% increase has been observed for each year 

increase in menopause, a meta-analysis has shown [64] . Most of the cohort studies have 

shown direct relation between age at menopause and BC risk [65–69]. 

An early age at menarche is thought to be associated with an increased risk of BC because a 

higher number of lifetime ovulatory cycles, and hence greater exposure to ovarian hormones, 

has been shown to confer an elevated risk of BC [65]. The association between age at 

menarche and BC is stronger for ER+ and PR+ tumours than for ER- and PR- tumours [70]. 

 

1.3.1B Age at first full-term birth and Parity 

Compared to nulliparous women, mothers with their first full-term birth before 20 years of 

age had a 50% reduced risk of BC. On the other hand, those who had their first baby after age 

35 had a 22% increased risk. BC risk decreases by 7% with each live birth [70–73] and 

increases by 3% for each year older a woman is when she first gives birth, meta- and pooled 

analyses have shown [71]. These relative risk (RR)s were comparable across countries. The 

protective effect of early age of first full-term birth in parous women was similarly observed 

http://www.cancerresearchuk.org/cancer-info/cancerstats/types/breast/riskfactors/#Endogenous
http://www.cancerresearchuk.org/cancer-help/type/breast-cancer/treatment/which-treatment-for-breast-cancer#erstatus
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in other studies [74] except for one study from Japan [75]. The association of age at first full-

term pregnancy has been found to be similarly associated with pre- and postmenopausal 

women [76,77]. Many reports observed a protective effect of early age at first full-term birth 

on Hormone Receptor Positive (HR+) cancers [34,78,79]. A meta-analysis has also revealed a 

reduced risk among patients with HR+ cancers [70]. When stratified on receptor status, the 

association  between parity and age at first full-term birth and BC risk however was shown to 

be limited to ER+/PR+ tumours [34,70,80].  

1.3.1C Interval between age at menarche and age at first full-term pregnancy 

Given the susceptibility of the undifferentiated nulligravid breast to carcinogenic insults, the 

duration of time between age at menarche and age at first full-term birth may be 

independently related to BC risk. However, few epidemiologic studies have evaluated this 

relation. Clavel-Chapelon [65] addressed this issue to some extent in the French E3N cohort 

by evaluating the relation between the number of menstrual cycles women had before their 

first full-term birth and BC risk. Compared with women in the lowest quartile, women in the 

highest quartile of cumulative number of cycles before their first full-term birth had a 1.42-

fold [95% Confidence Interval (CI): 1.20–1.67] elevated risk of BC. This risk was essentially 

the same when women who had used Oral Contraceptives (OC)s  were excluded from the 

analysis. In a combined analysis of 7 case-control studies, Andrieu et al. found similar results. 

BC risk for women with 21 or more years between menarche and first childbirth was 1.45-

fold higher (95 % CI: 1.17–1.82) than that for women with 10 years or less between these two 

events [81]. A longer duration between age at menarche and age at first full-term birth was 

associated with an elevated risk of BC, except among premenopausal African-American 

women. The elevations in risk observed were largely confined to women with HR+ tumours 

[82]. The large body of data indicates that the risk of BC overall increases with the increase in 

interval between age at menarche and age at first full-term pregnancy. 



41 

 

1.3.1D Breastfeeding 

Breastfeeding has been hypothesized to reduce the risk of BC. However, findings haven’t 

been consistent for the association between BC risk and ever breastfeeding or cumulative 

breastfeeding duration [83,84]. However, a reduction has been seen most consistently 

observed among premenopausal women who breastfed for an extended period, but even here 

the magnitude of the observed effect has varied substantially [83]. Breastfeeding appears to 

lower the risk of both ER+ and PR- BCs [70].  A pooled analysis from 47 epidemiologic 

studies, including 50,302 cases and 96,973 controls, showed a significant, 4.3% reduction in 

BC risk for every 12 months of breastfeeding [71]. A systematic review carried out by 

Berrino et al. for the World Cancer Research Fund/ American Institute for Cancer Research 

(WCRF/AICR) included 80 epidemiologic studies. The meta-analysis on four cohort studies 

as well as that on 37 case-control studies showed a 2% reduction of risk per 5 months of 

breastfeeding [85] . In a systematic review on Japanese population, cohort studies failed to 

find a significant inverse association between breastfeeding and the risk of BC and most of 

the case-control studies observed a statistically significant or non-significant  risk reduction 

for women who ever had breastfed or for women with a longer duration of breastfeeding [86]. 

In a case-control study conducted in India, where longer duration of breastfeeding is more 

common as compared to the western population showed an inverse association with BC in 

premenopausal women, whereas no such protective effect was observed in postmenopausal 

women [87]. The current literature indicates a weak protection in the development of BC in 

women who have breast fed for a longer duration. 

 

1.3.1E Induced and Spontaneous Abortions  

The relationship between induced abortion and the subsequent development of BC has been 

the subject of a substantial amount of debate in epidemiologic studies. In contrast to a recent 

javascript:SpotLight('iframe','Popup/HormoneReceptorStatus.htm',325,160);
javascript:SpotLight('iframe','Popup/HormoneReceptorStatus.htm',325,160);


42 

 

meta-analysis conducted in Chinese women [88] which largely included retrospective studies  

(34 case-control studies and 2 cohort studies), prospective studies conclude there is no 

association between induced abortion and BC [89–95]. A worldwide meta-analysis of 83,000 

women examined the relationship between induced abortion and BC and found a significant 

difference between the overall estimate of RR from studies that had recorded information on 

induced abortion prospectively (RR = 0.93; 95% CI: 0.89–0.96) and the overall estimate of 

RR from studies that had recorded such information retrospectively (RR = 1.11; 95% CI: 

1.09–1.14), suggesting that reporting bias was probably present in studies using retrospective 

reporting of abortion history [96].  

Findings from cohort studies and a large pooled analysis have shown spontaneous abortion 

(also known as miscarriage) does not increase the risk of BC [90,93,94,96]. On the other hand 

premenopausal BC appeared to be less frequent in women who had repeated miscarriages 

suggesting BC association with spontaneous abortion is possible and may depend on 

menopausal status [97]. 

The current literature is divided on the association of spontaneous abortion and BC risk, 

whereas the results are inconclusive for the association of induced abortion with BC risk 

1.3.1F Oral Contraceptives 

Studies show that current or recent use of OCs (birth control pills) slightly increases the risk 

of BC [98–100]. The Women’s CARE Study examined the risk of BC associated with OCs 

among different subgroups of women. In this study, there was no increased risk of BC among 

current users (RR = 1.0, 95% CI: 0.8–1.0) or former users (RR = 0.9, 95% CI: 0.8–1.0). This 

study found no increased risk among women with a family history or those who initiated use 

at an early age. In addition, the risk of BC did not appear to vary by duration, dose or type of 

progestin [101]. Similarly, a recent systematic review showed that, the RR of BC declines 

after OC cessation, such that 10 years after cessation no excess risk remains. BC risk does not 

javascript:SpotLight('iframe','Popup/PooledAnalysis.htm',325,160);
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appear to increase with longer duration of OC use [102]. A meta-analysis has shown that the 

risk associated with OC is similar across OC formulations (which have changed considerably 

over time), family history, and ethnicity [103]. 

Studies that evaluated the risk by ethnicity observed effect estimates greater for black women 

[101,104] than for white women [105]. In a follow-up study of Norwegian women, the RR 

estimate was 1.6 (95% CI: 1.2–2.1) for women who were current or recent OC users at 

baseline [99]. Another follow-up study in the Netherlands, showed long duration OC use was 

associated with increased BC risk among women aged 55 years or older but not younger 

women [106]. In a Long Island case-control study of BC, recent OC use and long duration OC 

use were associated with increased BC risk among premenopausal women but not among 

postmenopausal women [107]. In the population based Carolina BC Study, results were close 

to the null for white women, but OC use within the previous 5 years was associated with 

increased risk among black women [104]. With regard to the hormone status of the tumour, 

some studies have found stronger associations of OC use with ER- cancer than with ER+ 

cancer [108,109], but others have found no difference [110–114]. The current literature 

suggests that OC use increases the risk of BC in current long term users. 

1.3.1G Non-oral hormonal contraceptives 

Hormonal contraception is also available as injections, implants and patches. There is 

substantially less evidence on cancer risk associated with these preparations than there is on 

cancer risk associated with the OCs. BC risk is increased among users of injectable 

contraceptives in some studies [111,112], while other study showed  no association [113]. In a 

case-control study a significantly increased association between BC risk and implants was 

observed [115]. The literature for the association non-oral hormonal contraceptives with BC 

risk is inconsistent and more studies with larger sample size will be required to estimate a true 

association. 
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1.3.1H Tubal Ligation 

The US Collaborative Review of Sterilization reported reduced menstrual bleeding and pain 

and increased cycle irregularity after tubal ligation [116]. These findings provided evidence 

against a ‘post tubal ligation syndrome’ that included dysmenorrhoea and menorrhagia, but 

could not address long term outcomes, such as altered menopausal age [117], symptoms 

[118–120], or BC risk. A recent meta-analysis reported no association between tubal ligation 

and BC, however, substantial heterogeneity was observed. Effect estimates among eight 

studies ranged from 0.37 (95% CI: 0.19–0.68) to 1.20 (95% CI: 1.00–1.30) [121]. This 

variability may be partly due to incomplete information on subsequent gynaecologic surgeries 

and tumour subtypes. Few studies have evaluated variation by tumours that express ER or PR 

and may therefore be more sensitive to hormonal exposures [122,123]. Similarly, in a recently 

conducted case-control study, tubal ligation did not have an impact on BC overall (Hazards 

Ratio = 0.95; 95% CI: 0.85–1.06), but had a suggested inverse relation with ER+/PR+ 

invasive tumours (Hazards Ratio = 0.84; 95% CI: 0.70–1.01), possibly because of subsequent 

hysterectomy/bilateral oophorectomy [124]. The current literature does not show any 

association of tubal ligation with BC risk. 

1.3.1I Age at last full-term pregnancy 

Age at last full-term pregnancy did not show an association [Odds Ratio (OR) = 1.01; 95% 

CI: 0.97–1.06] with BC [125].  

In European Prospective Investigation into Cancer and Nutrition (EPIC) cohort, age at 

last full-term pregnancy was not associated with the risk of ER-/PR- malignancies but was 

associated with ER+/PR+ tumours, however no statistical heterogeneity between the BC 

subtypes was observed [80].  
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 1.3.1J Twin Pregnancy 

Twin pregnancies differ from singleton pregnancies in both hormone levels and perinatal 

changes [73]. Some studies have suggested that twin births may be associated with lower BC 

risk [126,127]. Although in pooled results of all 17 published studies did not show a reduced 

maternal risk of BC for twin births (Hazards Ratio = 0.94; 95% CI: 0.87–1.02; P = 0.127), a 

trend toward reduced maternal risk of BC was identified in a subgroup analysis of cohort 

studies (Hazards Ratio = 0.91; 95% CI: 0.83–1.01; P = 0.068). The results of the only meta-

analysis suggest that twin pregnancy does not significantly decrease the maternal risk of BC 

[73]. The current literature is inconclusive on the relationship between twin pregnancies and 

risk of BC. 

1.3.1K Duration since last birth 

Liu et al. [128] from the Swedish Fertility Register, with over 30, 000 BC case subjects 

available for study documented a small increase in the risk of BC for each of the first few 

years after birth, with adjustment for age at delivery in 1-year increments. Other studies, with 

considerably smaller numbers of white women, have produced mixed results: some observed 

an increased risk for shorter interval since last birth [129–131] and a few found no association 

[132–134]. Duration since last birth has been shown to be associated with ER+/PR+ tumours 

and not with ER-/PR- tumours [80]. 

1.3.2 Anthropometric Measurements 

1.3.2A Height 

Height, representing intrauterine, early childhood as well as the level of adolescent growth 

spurt, likely relates to factors such as nutrition, genetic growth potential, and hormones thus 

influencing BC occurrence [135–138]. A positive association between adult height and BC 

has been found in a large number of studies [61,135,139,140]. In a review of seven large 

prospective cohort studies, the multivariate-adjusted RR of BC per 5 cm increment of height 
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was 1.02 (95% CI: 0.96–1.10) in premenopausal women and 1.07 (95% CI: 1.03–1.12) 

among women of postmenopausal status [139]. A meta-analysis conducted on premenopausal 

women found an overall weak association with each increment of 10cm in height [141].  

Another study showed a positive association of BC risk with postmenopausal women [142]. 

However some studies have found no association at all with height in pre- or postmenopausal 

women of European descent [143]. Previous studies have generally not shown any clear 

differences for overall height associations by ER/PR status of the BC cases [144–148]. 

Previous studies have consistently associated tallness with increased risk of BC overall. 

1.3.2B Body Mass Index (BMI) 

Most available studies and meta-analyses have focused on BMI as a marker of general obesity 

[112,139,149–153]. Several studies supported the hypothesis that higher level of BMI may be 

associated with a decrease in the risk of premenopausal BC. This hypothesis is supported by 

results from several case-control studies [109,143,154,155] and cohort studies [156,157]. 

However, others studies did not observe a statistically significant association when comparing 

highest versus lowest levels of BMI [61,158,159]. Ethnicity appears to modify this 

association because while the inverse association between BMI and risk of premenopausal BC 

is well documented in Caucasians, the association among Asian women is inconsistent. 

Several studies among Asian women suggest that higher BMI may be associated with an 

increased risk of premenopausal BC [149,150,160,161]. A prospective study including 11,889 

women from Taiwan reported that higher BMI was moderately associated with an increased 

risk of premenopausal BC [161], with an OR of 1.90 (95% CI: 1.00–3.4) for BMI > 

26.2kg/m
2
 versus 21.6kg/m

2
. In contrast, other studies among Asian women did not detect a 

significant association between BMI and the risk of premenopausal BC [162,163]. In a recent 

meta-analysis it has been shown that premenopausal BMI does not relate to BC risk [164]. 
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An overall increase in the risk of postmenopausal BC in overweight or obese women among 

all ethnic groups has been indicated. The association between BMI and risk of 

postmenopausal BC was found to be stronger among women who did not use hormone 

replacement therapy (HRT) compared to women who did use hormones [165]. A dose-

response meta-analysis (9 cohorts: 22 case-control studies) showed that the BMI-BC 

association is stronger for ER+/PR+ tumours (33% increase per 5kg/m
2
 increment for 

postmenopausal BC), while there were no significant BMI-cancer associations for ER-/PR- 

tumours [166].  

1.3.2C Waist-to-Hip ratio (WHR) 

WHR is commonly used as a measure of central obesity [167,168]. It has not been 

consistently associated with increased BC risk in premenopausal women, for whom both null 

[61,155] and increased risk have been reported [143,167–169]. Two meta-analyses [168,169] 

have reported that a greater WHR was associated with about 1.5-fold increased risk of 

premenopausal BC. A pooled analysis on 7 cohorts and 4 case-control studies reported a 

summary risk estimate of 1.79 (95% CI: 1.22–2.62) [169] but the strength of the association 

varied according to ethnic groups [170–173]. Other studies [146,161,174] did not find a 

statistically significant association. Overall, this increased risk associated with larger WHR 

among premenopausal women is found to be stronger amongst Asian women compared to 

other ethnic groups.  

A WHR of above 0.85 for females has often been associated with the risk of developing 

postmenopausal BC. However, while most studies have reported a significant increased risk 

[155,169,175], some studies are inconclusive [61,143,156]. A meta-analysis with 6 case-

control and 5 cohort studies observed a summary risk estimate of 1.50 (95% CI: 1.10–2.04) 

for postmenopausal women [169]. These associations tend to be stronger in Asian women 

than other ethnic groups. In contrast, some studies conducted in the US did not detect a 
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significant association. Hall et al. reported a non increased RR of 1.62 (95% CI: 0.70–3.79) in 

African-American women and of 1.64 (95% CI: 0.88–3.07) for Caucasian American women 

when comparing highest versus lowest quintiles (0.86–1.34 versus 0.6–0.77) [143]. However 

the power of the study was limited by small number of cases (179 cases and 182 controls in 

African women). Regarding Hispanic women, only one study has assessed the association 

between WHR and BC risk. This study found no significant association between WHR and 

postmenopausal BC risk [176]. Current literature largely suggests that a high WHR is 

associated with increased risk of premenopausal and postmenopausal BCs. 

1.3.2D Waist Circumference (WC) 

Among premenopausal women, WC is generally not related to risk of BC in most studies but 

positive associations have been found when adjusted for BMI [165]. Recent results from the 

Nurses’ Health Study II showed a strong increase in the risk of ER- BC among 

premenopausal women with increasing WC (RR = 2.75; 95% CI: 1.15–6.54) [167]. In 

postmenopausal women, studies that did not adjust for BMI showed a 7% increased risk per 

8cm increase in WC and those that did, showed a 4% increased risk [85]. In the Women’s 

Health Initiative (WHI) study, WC was associated with BC risk among postmenopausal 

women, but only in those who never used HRT [177].  

1.3.2E Hip Circumference (HC) 

An inverse association in premenopausal women with HC adjusted for BMI was found in 

some studies [61,178]. An inverse association was also observed in Nigerian BC Study with 

an OR of 0.36 for the highest quartile (95% CI: 0.24–0.55). The association existed in both 

pre- and postmenopausal women [179]. In contrast, other studies showed a positive 

association between HC and BC risk [177,180]. Again, In WHI, HC was positively associated 

with both ER+/PR+ and ER-/PR- subtypes of premenopausal BC [181]. The evidence of the 

association between HC and BC risk has been largely inconsistent [61,177–181]. 
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1.3.2F Adult Body Weight 

A number of epidemiological studies have reported that both early adult body weight 

[157,182,183] and a subsequent change in body weight [157,183–185] are associated with BC 

risk. Several of these have reported an inverse association between body weight in early 

adulthood and the incidence of BC [183,185]. 

It has been postulated that the association between body weight and BC risk may be 

heterogeneous according to the tumour’s ER and PR status. Cumulative epidemiological 

evidence [139,186,187] also suggests that the impact of body weight on BC risk differs across 

women’s menopausal status. Recent meta-analysis of cohort and case-control studies could 

clarify that overweight is not significantly related to risk of premenopausal BCs [164]. A 

positive association among postmenopausal women has been observed. Large weight gain 

since age 20 has been shown to be associated with increased risk of BC [149,188],  

particularly in postmenopausal women aged >60 years [189–191]. Any weight change since 

the age of 18 seems not to be related to premenopausal BCs [192]. A large body of data 

suggests that early adult body weight and a subsequent change in body weight are associated 

with BC risk. 

1.3.3 Other Factors 

1.3.3A Physical Activity 

Physical activity is a modifiable factor that is associated with a decreased risk for both 

premenopausal and postmenopausal BC [193,194].  

BC risk is around 25% lower in the most active women compared with the least [195]. BC 

risk decreases by 5% for every 2 hours per week increment in recreational activity (moderate 

and vigorous), a meta-analysis showed [196]. Light intensity activity may be insufficient to 

reduce BC risk, a Canadian case-control study indicated [197]. Further BC risk declined with 

increasing time spent on household activities, a factor which is more prevalent in rural women 
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as compared to urban women [198]. Thus it can be concluded that there is sufficient evidence 

for the role of physical activity in preventing BC [199].  

1.3.3B Occupation 

Villeneuve et al. [200] in a case-control study (1230 cases) observed a statistically significant BC 

excess after 10 years duration in motor vehicle manufacturing (obs/exp= 18/7=2.6 (95% CI: 

1.00–6.30). Labrèche et al. [201] found significant excesses of postmenopausal cancer for 

polycyclic aromatic hydrocarbons (PAHs), and several polymeric fibers. Clapp et al found risk 

was elevated among postmenopausal women whose husbands used specific pesticides [202]. A 

recent study found that young women exposed to DDT before the age of 14 had an excess BC risk 

before age 50 [203]. Band et al. [204] found in pre- and postmenopausal cases (combined) 

elevated BC risk in fruit and other vegetable farming (OR = 3.11, 90% CI: 1.24–7.81).  

In meta-analysis of 13 observational studies found a 48% (RR = 1.48; 95% CI: 1.36–1.61) 

increased risk of BC among shift workers [205]. Exposure to light at night is associated with 

higher levels of sex hormones, because it disturbs the circadian system, which suppresses 

melatonin production, and melatonin is thought to reduce circulating estrogen [206,207]. This 

may partly explain the link between shift work and BC risk, but confounding by other 

lifestyle factors such as tobacco use, BMI and physical activity is possible [208,209]. 

1.3.3C Ionizing Radiation 

Exposure to ionizing radiation is a well established cause of somatic DNA mutations. BC risk 

is increased after several types of previous cancer, with radiotherapy an important factor in 

this association. BC risk is nonsignificantly increased in survivors of childhood solid cancer 

who received radiotherapy, compared with those who did not receive radiotherapy [210]. BC 

risk is 9-11% higher in women who received radiotherapy for cancer in the opposite breast, 

compared with women who had surgery [211,212]. 

http://www.cancerresearchuk.org/cancer-info/cancerstats/types/breast/riskfactors/#Endogenous
http://www.cancerresearchuk.org/cancer-info/cancerstats/types/breast/riskfactors/#Previous
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Diagnostic radiology involves much lower radiation doses than radiotherapy. An estimated 

0.1% of BC in women aged 75 and under are caused by exposure to diagnostic x-rays [213]. 

X-ray-associated BC risk is further elevated in women with BRCA1 or Breast Cancer 2, Early 

Onset (BRCA2) mutation [214]. Mammograms are associated with a very small number of 

BC: of 10,000 women who are screened every three years between the ages of 47 and 73, 

between three and six will develop cancer during their lifetime because of mammogram 

radiation [215]. Exposure to computed tomography (CT) scans in childhood or adolescence 

does not appear to be linked with increased BC risk [216]. The ionizing radiation thus has 

been consistently associated with increased risk of BC. 

1.3.3D Diet 

BC risk decreases with higher consumption of fruit and vegetables [217], dietary fibre (at 

least 25g/per day) [218], some carotenoids [219], lignans (postmenopausal women) [220], 

soya-based foods (Asian populations only) [221,222], flavonols and flavones 

(postmenopausal women) [223], and marine omega-3 polyunsaturated fatty acids (PUFA) 

[224]. BC risk is not associated with consumption of red meat [225,226], green or black tea 

[227], use of vitamin supplements [228], or vitamin D levels [229].  

BC risk may be slightly increased with higher consumption of eggs, but no dose-response has 

been shown and confounding may be likely [230]. There was no evidence of an association 

between traditional dietary patterns and risk of BC [231], and only one study showed a 

significant increase in risk associated with the western dietary pattern [232]. Diets that include 

alcoholic beverages may be associated with increased risk [231]. Though links between BC 

risk and diet have been extensively studied, WCRF/IARC deems the evidence insufficient 

(due to quality, consistency and amount) to derive classifications as to the breast 

carcinogenicity of any dietary exposure except total dietary fat [85]. 

javascript:void(0);
http://www.cancerresearchuk.org/cancer-info/cancerstats/types/breast/riskfactors/#Dietary
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1.3.3E Family history and genetic factors 

BC risk is around doubled in women with one first degree relative with BC, compared with 

women with no first degree relatives, meta- and pooled analyses have shown. The risk is 

further increased with a larger number of affected first degree relatives, or relatives affected 

aged under 50 [233]. The risk increase is similar for first degree relatives with ER+ or ER- 

BC [234]. 

Environmental and lifestyle factors explain around three-quarters of BC risk, with hereditary 

factors explaining only around a quarter [235]. The reasons for BC clustering in families 

remain largely unclear, but a small proportion of families share BC predisposition genes, 

some of which are discussed below. 

High Penetrance Gene Mutations 

BRCA1 and BRCA2 mutations confer a high risk of BC in carriers (high penetrance). Women 

with a BRCA1 or BRCA2 mutation have a 45-65% chance of developing BC by age 70 [236]. 

BRCA2 negative women with a BRCA2 carrying first degree relative may also have 

increased BC risk, a small UK cohort study showed [237]. Higher sex hormone levels in 

BRCA mutation carriers may explain some of the increased risk [238]. Early onset BC risk 

may be increased in BRCA mutation carriers born in the 1950s or later, suggesting possible 

interactions with lifestyle factors [239]. 

Other breast cancer predisposition genes 

Li Fraumeni syndrome caused by Tumour Protein 53 (TP53) mutation and Cowden syndrome 

caused by Phosphatase and Tensin Homolog (PTEN) mutation are high-penetrance BC 

predisposition genes, but they are both rare and so account for a very low proportion of BC 

cases overall and among cases with first degree family history. Mutations in Checkpoint 

Kinase 2 (CHEK2), Ataxia Telangiectasia Mutated (ATM), BRCA1 interacting protein C-

http://www.cancerresearchuk.org/cancer-info/cancerstats/types/breast/riskfactors/#Endogenous
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terminal helicase 1 (BRIP1), and Partner and Localizer of BRCA2 (PALB2) confer an 

intermediate risk of BC in carriers, but again are rare. Mutations in a number of other genes 

are more common but confer a lower risk of BC. BC risk in some other rare genetic mutation 

syndromes, such as Peutz-Jeghers syndrome caused by Serine/Threonine kinase 11(STK11) 

mutation, and hereditary diffuse gastric cancer syndrome [caused by cadherin 1, type 1, E-

cadherin (epithelial) (CDH1) mutations], remains unclear [240,241]. 

Low Penetrance Polymorphisms 

Several common Single Nucleotide Polymorphism (SNP)s associated with BC have been 

identified primarily through Genome Wide Association Study (GWAS) of very large 

case-control populations. These alleles occur with high frequency in the general 

population, although the increased BC risk associated with each is very small relative to 

the general population risk. GWAS on BC has largely been conducted in most developed 

countries [242–245] showing low to modest associations between common polymorphisms 

and BC risk. Susceptibility locus on Estrogen receptor alpha (ESR1) gene – a key mediator of 

ER in mammary tissue have consistently shown its association with BC [246]. A meta-

analysis confirmed the association of  polymorphisms rs1219648 (A > G), rs2420946 (C > T), 

and rs2981582 (C > T) in Fibroblast Growth Factor Receptor 2 (FGFR2) suggesting that 

FGFR2 is likely an important genetic marker contributing to susceptibility of BC [247].  

1.3.3F Smoking 

Tobacco smoking is classified by IARC as a probable cause of BC, based on limited evidence 

[248]. Tobacco smoking is associated with higher levels of sex hormones, which may partly 

explain the link between tobacco and BC risk [249]. 

BC risk is 12% higher in current smokers, and 9% higher in former smokers, both compared 

with never smokers, a meta-analysis has shown [250]. BC risk increases with amount, 

duration, and starting age of smoking [250,251]. The effect of smoking may be limited to 
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premenopausal BC and non obese women [251,252], and ER+ (not triple negative) BC 

[149,253]. 

1.3.3G Alcohol 

In 2007, the IARC concluded that there is sufficient evidence that alcohol causes cancer of the 

female breast [254]. A meta-analysis has shown that even light drinkers (up to one alcoholic 

drink per day, or around 1.5 units) have a 5% higher BC risk compared with non-drinkers 

[255]. Studies have consistently demonstrated a linear dose-response relation between alcohol 

consumption and BC risk, with increases observed to be around 7-12% per unit of alcohol per 

day [256–258]. Although the exact mechanism for the association between alcohol 

consumption and BC is not known, one probable explanation would involve alcohol’s effects 

on circulating estrogen levels. Most large studies have shown a stronger association with ER+ 

BCs [259–263]. Alcohol intake is thus the dietary factor most consistently associated with BC 

risk, although the relationship observed has generally been modest. 
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Table 1.4: Epidemiology of Breast Cancer: Risk Factor Summary 

Risk Factor 
Direction of Effect 

Premenopausal Postmenopausal 

Well confirmed Risk Factors   

Family history ↑↑ ↑↑ 

Benign breast diseases ↑↑ ↑↑ 

Mammographically dense breast ↑↑ ↑↑ 

Age at first >30 years versus, <20 ↑↑ ↑↑ 

Menopause at > 54 years versus, <45 - ↑↑ 

High endogenous estrogen levels ↑ ↑↑ 

Postmenopausal hormone use - ↑ 

Ionizing radiation exposure ↑↑ ↑↑ 

Menarche  at <12 years versus, >14 ↑ ↑ 

Alcohol use ↑ ↑ 

High Body mass index  ↓ ↑ 

Probable relationship exists, Based on 

substantial data 
  

High endogenous androgen level ↑↑ ↑↑ 

Current oral contraceptive use ↑ - 

Physical activity ↓ ↓ 

Lactation (longer duration) ↓ ↓ 

Folate ↓ ↓ 

Carotenoids ↓ ↓ 

Weak, if any , Relationship exist , Based on 

substantial data 
  

Total dietary fat intake during childhood - - 

Induced or spontaneous abortion - - 

Cigarette smoking - - 

Past oral contraceptive use - - 

Exposure to electromagnetic field - - 

↑↑: Moderate to large extent in risk, ↑: Slight increase in risk,↓: moderate to large decrease in risk ,-: no 

association.  

Source: Textbook of Cancer Epidemiology, Second Edition, Hans Olav Adami, David  Hunter, Dimitrios 

Trichopoulos 
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1.4 Gaps in Literature 

It has been observed for long time that the rates of BC differ in rural and urban areas. 

However, there are very few studies in literature to address the reasons for the differences in 

BC rates of rural and urban area. Obesity has been observed to be risk factor for 

postmenopausal BC. However the contribution of different measures of obesity and their role 

in pre- and postmenopausal women is still not clear. In Indian context, there are no large 

studies to address the issue of reproductive factors, obesity, age at last pregnancy, OC use in 

development of BC. Though there has been large GWAS on BC in most developed countries 

[242–245]  showing low to modest associations between common polymorphisms and BC risk. 

In India, however, there have been no GWAS and few properly designed retrospective studies 

with smaller sample size on genetic susceptibility to study this risk [264–267]. 

The present thesis proposal is designed to understand more clearly the reasons for rural-urban 

differences, and role of genetic susceptibility in development of BC.  

HYPOTHESIS 

Anthropometric and Lifestyle related variables are the cause of large differences in occurrence 

of BC in rural and urban areas. 

AIM 

Primary: To study role of anthropometric and other lifestyle related variables in causation of 

BC in rural and urban areas. 

Secondary: To study role of genetic susceptibility in BC. 
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2.1 Introduction 

BC risk is largely driven by lifestyle and related factors. BC has largely been the disease of 

developed world, however India – an economically transiting country has been showing an 

increase in the incidence of BC. This increase has been largely observed by the cancer 

registries in the metro cities as compared to the rural registries, which show around 3-fold 

increased incidence rate as compared to rural registries. Further, there are large differences in 

pre- and postmenopausal cancer in urban registries [63]. 

This chapter addresses the reasons for difference in the incidence of BC in rural and urban 

India, by highlighting on the protective lifestyle of rural women. The differences in risk factors 

for pre- and postmenopausal BC are also presented to understand etiology of BC 

Following sections are described in detail: 

 Methodology and quality measures for questionnaire based study. 

 Reproductive and BC risk.  

 Anthropometric measurements and BC risk.  

2.2 Study Design 

A hospital based case-control study was conducted at Tata Memorial Hospital (TMH), 

Mumbai during the period of January 2009 to September 2013.  

2.2.1 Criteria for enrolment of cases 

The cases were female BC patients coming to TMH. Only primary BC cases aged 20-69 were 

enrolled in the study with date of diagnosis not more than 6 months from the date of interview. 

All the BC cases enrolled in the study were histologically confirmed.  

2.2.2 Criteria for enrolment of controls 

 All female visitors with no history of cancer coming along with any site cancer patient aged 

20-69 were included in the study. None of the cancer site patients with which visitors came 
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along with, constituted more than 20% of enrolled controls.  The maximum number of enrolled 

visitor control came along with head and neck cancer patients while the minimum number of 

enrolled visitor controls came along with bone and soft tissue tumours. Out of 1515 visitor 

controls enrolled in the study 50% were first degree relatives (parents, siblings and children) 

while remaining were other relatives, friends and neighbours (first cousins, grandparents, 

friend, neighbour, in-laws, other distance relatives) of different cancer site patients.  The 

selected controls thus belonged to the same study base from which cases were coming to TMH 

and the selection bias was kept at minimum.  

2.2.3 Matching 

Controls were frequency matched to cases on age (± 10 years) and region of residence at the 

time of enrolment. For region matching, India was divided into five regions which are as 

follows: 

1. North (Haryana, Uttar Pradesh, Himachal Pradesh, Delhi, Punjab, Uttarakhand, Rajasthan, 

Bihar, Chandigarh, Jammu & Kashmir) 

2. South (Kerala, Tamil Nadu, Andhra Pradesh, Karnataka, Puducherry, Lakshadweep, 

Andaman &  Nicobar Islands) 

3. East (Arunachal Pradesh, Assam, Meghalaya, Manipur, Mizoram, Nagaland, Tripura,  West 

Bengal, Orissa and Jharkhand) 

4. West (Maharashtra, Goa, Gujarat, Dadra Nagar Haveli, Daman & Diu)  

5. Central (Chattisgarh and Madhya Pradesh). 

The cases and controls were recruited simultaneously during the study period. The study has 

been approved by TMH Institutional Review Board. Written informed consent was obtained 

from all study participants before enrolling them in the study.  

 



60 

 

2.3 Data Collection 

2.3.1 Questionnaire Data 

Questionnaires were designed and tested by conducting mock and group interviews. The 

questions were reframed if required. The final questionnaire consisted of demographic and 

socioeconomic status, reproductive history, time spent in household activities on a normal 

day, residential history, occupational history, personal and family medical history, diet, 

tobacco and alcohol habits.  

Anthropometric measurements were taken at the end of the interview.  

2.3.2 Blood Collection 

A 10ml blood sample was collected from each study participant and centrifuged into plasma 

and buffy coat. After separation the blood components were then stored at -80
0
C immediately 

and transferred to Liquid Nitrogen Cylinder for long-term storage. 

A flowchart describing the enrolment of study participants is shown in Figure 2.1 

2.3.3 Hormone Receptor (HR) Status 

ER, PR and HER2 status were obtained from hospital pathology records. 

 

 

 

 

 

 

 

 

 



61 

 

Figure 2.1: Flowchart representing enrolment of study participants in Case-Control 

Study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Female Breast Cancer Case-Control Study 

Blood sample not collected 

Cases: 423; Controls: 222 

Inclusion Criteria (Cases) 

Age 20-69 

Resident of India for ≥ 1year 

1
o

 BC Cases coming to TMH 

DOD ≤ 6months     

Inclusion Criteria 

(Controls) 

Age 20-69 

Resident of India for ≥ 

1year 

Visitors coming to TMH 

No history of Cancer 

Cases: 1964; Controls: 1570 

Questionnaire based 

analysis 

Cases: 1214; Controls: 1293 

HTP Genotyping 

Controls were of First degree 

relatives of Breast Cancer 

Patients 

Cases: NA; Controls: 77 

Age unknown of Study 

Participant 

Cases: 3, Controls: 3 

Unsuccessful DNA Extraction 

Cases: 10; Controls: 4 

Cases: 1637; Controls: 1515 

Cases: 1214; Controls: 1216 

Cases: 1204; Controls: 1212 

Cases: 1640; Controls: 1518 

Cases: 1841; Controls: 1518 

Refused to Participate 

Cases: 123, Controls: 52 

Date of Diagnosis more than 6 

months 

Cases: 201; Controls: NA 
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2.4 Quality Assessment for Questionnaire Based Data 

2.4.1 Preparation of Instruction Manual for filling up the Questionnaire in Case-Control 

Studies 

 In order to assure the homogeneity of data collection by the social investigators, an instruction 

manual and video recording has been prepared. The instruction manual contains detailed 

guidelines and figures wherever required for better understanding of questions by the social 

investigator as well as the respondent [268].  

2.4.2 Preparation of Instruction Manual for Data Entry 

In order to assure the homogeneity while entering the data, clear and precise instructions with 

predefined logical checks have been listed in the form of Manual [269]. 

2.4.3 Monitoring of Daily Work 

 The forms were checked at three levels for completeness of information, first by the 

interviewer, immediately after taking the interview, second by the study co-ordinator, on 

following day of the interview and finally by the data entry operators, before entering the data. 

Weekly meetings were conducted to understand and resolve the problems of data collection. 

Training programs were conducted every quarter so as to ensure the quality of interviews. The 

questionnaire was checked daily for completeness of information. 

2.4.4 Quality Checks on Data Entry 

Logical Checks were prepared to identify errors in the data entry. The data was entered twice 

and corrected for errors between the 2 entries referring the hard copy of the questionnaire 

(Table 2.1), if any, occurred while entering the data. 
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Table 2.1: Example of Corrected Differences of Variables between Data Entry 1 & 2 

Total number of Pregnancies 

Study ID First Data Entry Second Data Entry Corrected Entry 

820337 3 6 6 

820514 4 3 3 

820545 3 2 3 

820589 7 9 7 

820744 10 3 10 

820810 3 1 3 

820957 5 3 5 

840574 3 2 3 

840584 2 3 2 

840630 2 1 2 

840718 6 5 5 

840893 5 4 4 

840988 3 4 4 

840989 2 22 2 

841134 5 4 5 

841198 7 6 7 

841341 4 3 4 

841411 6 5 6 

 

2.4.5 Reproducibility of Questionnaire 

Abbreviated questionnaire was designed. This questionnaire contains constant (non changing 

in recent time) variables such as number of pregnancies, height, age at menarche, age at first 

full-term pregnancy. The reproducibility questionnaire was completed for 249 study 

participants (approx. 8% of total enrolled in study). The interval between main questionnaire 

and reproducibility questionnaire was minimum of 7 days. The main questionnaire and 

reproducibility questionnaire was interviewed by 2 different interviewers. Details of main 

measured exposures are shown in Table 2.2. 
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2.4.6 Calibration of Study Instruments 

To ensure study reliability, regular calibration process was performed on weighing balance, 

measuring tape, wall mounted stadiometer and centrifuge machine. Weighing balance, 

measuring tape and wall mounted stadiometer were calibrated twice a year using an unused 

weighing balance which was used as standard and a difference of ±1kg was considered 

acceptable. Similarly an unused measuring tape was used to calibrate the measuring tape and 

wall mounted stadiometer and a difference of ±1cm was considered acceptable. A yearly 

calibration was conducted for centrifuge machine by the supplier. 

2.5 Exposure Assessment 

2.5.1 Rural and Urban Status 

All study participants were asked to list all places of residence where they had lived for at 

least 1 year, starting with the place of birth. The rural and urban residence status was self 

reported by study participant for each of the residence they mentioned to the interviewer. 

Study participants were then stratified into matrix to classify women into rural and urban 

using four different definitions as follows: 

1. Ever lived in a rural area: If a study participant had ever lived in a rural area for 1 year or 

more in life were termed as a “rural participant”, otherwise the participant was termed as 

Table 2.2: Reproducibility of Measured Exposure 

Variable 
Study Mean  

(Reproducibility Mean) N=249 

Coefficient of 

Correlation (%) 

Age 46.90 (47.17) 92.25 

Number of Pregnancies 4.06 (3.99) 91.07 

Height 156.92 (157.18) 96.51 

Age at Menarche 13.95 (14.27) 76.86 

Age at first full-term pregnancy 21.97 (21.75) 81.88 

Age at last full term pregnancy 27.30 (28.57) 69.43 

Current Residence NA 90.64 

Education NA 87.15 
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“urban participant”. 

2. First 20 years of life lived in a rural area: If a study participant had lived first 20 years of 

her life in a rural area, i.e., from age 0 to age 20, then participant was classified as “rural 

participant,” whereas any participant who had lived <20 years in a rural area in her entire 

life was classified as “urban participant”. 

3. Currently living in a rural area: Any study participant who has a current residence (at the 

time of enrolment) of 1 year or more in a rural area is termed as “rural participant”, 

versus a current residence in an urban area is an “urban participant”. 

4. Total years lived in a rural area: 

a. 1-10 years: A minimum of 1 year and a maximum of 10 years lived in a rural area 

versus never lived in a rural area are categorized as rural and urban participants 

respectively. 

b. >10 years: If total years lived in a rural area is >10 years, study participant was 

categorized as rural or else urban. 

2.5.2 Menopausal Status 

Women whose menstrual period had stopped either naturally, or due to oophorectomy, 

hysterectomy or any other reason for 12 months or more from the date of enrolment were 

classified as postmenopausal. The rest were treated as premenopausal.  

2.5.3 Hormone Receptor Status 

The information on HR status i.e. ER, PR and HER2 was available on 1273 BC cases. The 

study participants were stratified into ER+/PR+, ER-/PR-, HER2+ and TNBC.  

2.5.4 Reproductive Factors 

Cases and controls were interviewed in-person by trained interviewers using a pre-tested 

structured questionnaire. 
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With respect to our primary exposures of interest, age at menarche was grouped as ages ≤12 

(reference), 13–14, and 15-20 years. The interval between age at menarche and first full-term 

pregnancy was grouped as <10 years (reference) and ≥ 10years. Total number of pregnancies 

was classified as never (reference) and ever (inclusive of abortion, miscarriage, still birth and 

full-term pregnancies). Total number of full-term pregnancy was estimated by categorizing 

into 1 (reference), 2, 3 and ≥4. Age at first full-term pregnancy was categorized into <20 

(reference), 20-21, 22-23, 24-25 and ≥26 years. The other categories that were used for age at 

first full-term pregnancy are ≤25 (reference) and >25 years. Age at last full-term pregnancy 

was grouped into women who had their last pregnancies at age ≤24 (reference), 25-29, 30-34 

and ≥35. Duration since last birth (in years) was stratified into ≤10 (reference) and >10. Ever 

breastfeeding was defined as breastfeeding for at least one month or else categorized as never, 

which was used as reference. Total duration of breastfeeding was defined as duration of 

breastfeeding in life measured in months and was grouped into the following categories: 

never (reference), ≤12, 13-24, 25-36 and >36 months. Average duration breastfed per child 

(in months) was obtained by dividing total duration of breastfeeding in life measured in 

months with total number of live births. Average duration breastfed per child was categorized 

into ≤6, 7-12, 13-18, 19-24 and >24 months. Twin pregnancy and maternal risk of BC was 

estimated using never (reference) and ever categories. OC use was grouped into never 

(reference) and study participant who had used OC at least once in lifetime were grouped in 

ever category. The participants who had ever used OC were stratified into past users and 

current users keeping never users as reference. The current users were women who used OC 

in last 5 years whereas past users were women who had stopped OC use more than 5 years 

ago from the date of enrolment.  Duration of OC use in current users were classified into 

Short-term users (≤ 2 years of OC usage) and Long-term users (> 2years of OC usage), using 

never users as reference. Age of OC use was stratified into ≤24 (reference), 25-29 and ≥30 
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years. Total duration of OC used (including past and current users) measured in years was 

categorised as never (reference), <1, 1-4 and ≥5 years. Any intentional expulsion of foetus 

was classified as “Induced abortion” whereas a naturally occurring expulsion of foetus was 

termed as “Spontaneous abortion” in the study. Number of induced and spontaneous abortion 

were grouped as 0 (reference), 1 and ≥2. 

2.5.5 Anthropometric Measurements 

Height (without shoes in cm) as shown in Figure 2.2 and weight in light clothing (in kg) of 

each study participant were measured using standard equipment. Weight was measured with 

light clothing. WC was measured halfway between the costal edge and iliac crest and HC was 

measured as the greatest circumference around the buttocks [270]. All measurements were 

done twice in succession and averaged for a final value. WHR was computed by taking the 

ratio of WC (in cm) and HC (in cm) and grouped into three categories, namely ≤ 0.84 

(reference), 0.85-0.94 and ≥0.95. BMI (kg/m
2
) was calculated by dividing weight in kg with 

square of height (in m
2
). BMI was divided into 5 categories, in accordance with the WHO 

classification for Asian population [271]: < 18.5, 18.5–22.9 (reference), 23.0–24.9, 25–29.9, 

and ≥30. To test the effect of BMI in accordance with the WHO classification for world 

population [272], following stratifications were made: <18.5, 18.5-24.9 (reference), 25.0-29.9 

and ≥30. Postmenopausal women were divided into two groups to analyse the association of 

BMI using both world and Asian categories. The two groups of postmenopausal women were 

those who had attained menopause <10 years ago and those who had attained menopause ≥ 10 

years ago from the day of enrolment.   Height was grouped into ≤ 150 (reference), 151-155, 

156-160 and ≥161cm. Weight was categorized into ≤ 60 (reference), 61-65 and >65kgs. WC 

was grouped into ≤79 (reference), 80-85 and ≥86cm whereas categories for HC include ≤90 

(reference), 91-99 and ≥100cm. Furthermore, a total of nine different body size pictogram 

(Figure 2.3) were shown to each study participant to indicate their body sizes at different 
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periods of life (at 10 years, 20 years and at the time of enrolment). Body size pictogram at age 

10, 20 and at the time of enrolment were categorized into <3 (reference), 3-4, ≥5 figure. 

Increase in body size was estimated at two stages i.e. from age 10 to age 20 and from age 20 

to age at the time of enrolment using the pictogram with categories of no increase (reference), 

moderate increase and drastic increase. No increase was defined when the body size of the 

study participant remained between 1 and 2. Moderate increase was defined when the body 

size of the study participant increased from 1-2 to 3-4. Drastic increase was defined when the 

body size of the study participant increased from 1-2 to 5-9.   

Figure 2.2: Pictogram for Measuring Height 
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Figure 2.3: Body Size Pictogram 

 

2.6 Statistical Analysis  

Crude and adjusted ORs of developing BC and their 95% CI [273] for anthropometric 

measurements and reproductive factors were estimated separately by residential status 

(Rural/Urban) and menopausal status. Unconditional logistic regression models were adjusted 

for potential confounders such as age (continuous variable), region of residence (North, 

South, East, West and Central India), rural-urban status (Rural, Urban), education (Less than 

5 years of schooling,  ≥5 year of education), age at first full-term pregnancy (continuous 

variable), WHR (continuous variable), height (continuous variable), menopausal status 

(premenopausal, postmenopausal), number of induced abortion (continuous variable) and 

spontaneous abortion (continuous variable). The ORs for interval between menarche and first 

full-term pregnancy, age at first full-term pregnancy, age at last full-term pregnancy, duration 

since last birth and total duration of breastfeeding were estimated after adjusting for total 

number of pregnancies (continuous variable)  instead of age at first full-term pregnancy.  

Weight in kg as continuous variable was entered in the model for estimating OR for WHR, 

WC, HC instead of WHR and weight was replaced for height for estimating the risk of latter. 

Increase in body size from age 10 to 20 and age 20 to age at enrolment were adjusted for BMI 

(continuous variable) instead of WHR. Study participants for whom values for one or more of 

the variables in the models were missing (0.82-6.73%) were eliminated from the analyses. 
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Women with ER, PR or HER2 status that was unknown or could not be assessed were 

excluded from the analyses. The proportion of women with particular HR status was 

computed using different definitions of rural-urban status (mentioned earlier). Test for linear 

trend for ordered variables were performed by assigning the score j to the jth exposure level 

of a categorical variable (where j = 1, 2 . . .) and treating it as a continuous predictor in 

unconditional logistic regression. Test of heterogeneity to estimate differences in stratum 

specific odds ratio for rural-urban and pre  and postmenopausal women was performed by 

comparing models with and without interaction term using likelihood ratio test. All analysis 

were performed using the statistical package Stata version 12.0 [274]. 

2.7 Results 

A total of 1637 cases and 1515 controls were enrolled in the study. Distribution of cases and 

controls with respect to age and region of residence at enrolment, education and menopausal 

status are given in Table 2.3. The mean age at enrolment of cases and controls was 46.18 and 

45.02 respectively. 49.79% of women were postmenopausal in cases whereas 43.76% women 

were postmenopausal in controls. 22.30% women cases were Graduate. Maximum cases and 

controls were from western region of the country with 48.56% and 51.55% respectively. 

2.7.1 Rural and Urban Status 

A statistically significant protection in risk of BC was observed in women who lived for first 

twenty years of life in rural area as compared to women who lived less than 20 years in rural 

area in their entire life. The protection wasn’t significant when stratified on menopausal 

status. Other definitions used for describing the rural status of women were not significantly 

protective for the risk of BC. A dose-response relationship suggestive of protection was 

observed (Table 2.4). In the analysis of anthropometric measurements, reproductive factors 

and BC risk, women who lived first 20 years of life in rural area were designated as ‘rural’. 
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Women who had lived less than 20 years in rural area in their entire life were categorized as 

‘urban’. 

2.7.2 Hormone Receptor Status 

Among 1273 cases on which the information on ER, PR and HER2 were available, it was 

observed that the ER+/PR+ cases were higher in urban population as compared to rural in all 

the definitions of rural and urban status. A higher proportion of ER-/PR- cases were observed 

in women who lived first twenty years in rural area (60.98%) as compared to those lived less 

than 20 years in rural area (54.29%). A statistically significant difference (P = 0.018) (Data 

not shown) in the prevalence of TNBC tumours was observed in women who have lived first 

twenty years of life in rural area (44.21%) as compared to women who have lived less than 20 

years in rural area (34.39%) in their entire life (Table 2.5).  

2.7.3 Reproductive Factors 

Age at menarche was not significantly related to BC risk in all three instances, i.e. without 

stratification, and when stratified on rural-urban status and menopausal status. No association 

was observed among women who were ever pregnant as compared to women who were never 

pregnant. Rural women who had 4 or more live births showed a protective association with 

OR = 0.42 (95% CI: 0.24–0.75) as compared to women with 1 live birth. A protective 

association in premenopausal women (OR = 0.58; 95% CI: 0.39–0.86) and a suggestive 

protection in postmenopausal women (OR = 0.64; 95% CI: 0.41–1.00) was observed when 

women who had four or more live births were compared with women who had one live birth. 

Age at first full-term pregnancy proved to be an important risk factor in the development of 

BC. Women who had their first full-term pregnancy after age 25 had a significantly elevated 

risk of BC compared with women who had first full-term pregnancy below 20 years of age 

(OR = 1.83; 95% CI: 1.41–2.36). A 5% increase in risk was observed with every 2 year delay 

in age at first full-term pregnancy after age 25. The interval between age at menarche and age 
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at first full-term pregnancy was positively related to BC risk in women from urban areas and 

in premenopausal women. 

An increasing trend in age at last full-term pregnancy was shown to increase the risk of BC 

across all categories. However, when adjusted for age at first full-term pregnancy the 

association was no longer significant (Data not shown). A duration of more than 10 years 

since last childbirth is protective in urban and premenopausal women as compared to a recent 

(≤ 10 years) childbirth in BC risk. No association was observed between women who ever 

breastfed compared to women who haven’t breastfed even for one month. On further 

stratification in duration of breastfeeding, a similar result of no association was observed even 

in the highest category of breastfeeding (>36 months) when compared to lowest category of 

breastfeeding of ≤ 12months. A high maternal risk of BC has been observed in women with 

twin pregnancies as compared to singleton pregnancy in premenopausal women (OR = 3.45; 

95% CI: 1.07–11.04) and rural women (OR = 6.28; 95% CI: 1.34–29.26) 

Current users of OC were at increased risk of BC as compared to never users in urban women 

(OR = 2.26; 95% CI: 1.16–4.37).  The current OC users using OC for more than 2 years 

showed increased risk for urban women compared to women without use of OC (OR = 2.46; 

95% CI: 0.99–6.12). Two or more than 2 induced abortions were observed to be a risk factor 

of BC overall (OR = 1.65; 95% CI: 1.25–2.17), urban (OR = 1.58; 95% CI: 1.15–2.16) and 

rural women (OR = 2.08; 95% CI: 1.16–3.72) and in premenopausal women (OR = 2.04; 95% 

CI: 1.42–2.94). Even a single miscarriage showed a protection from BC in rural (OR = 0.62; 

95% CI: 0.41–0.95) and premenopausal women (OR = 0.68; 95% CI: 0.48–0.96) (Tables 2.6, 

2.7 and 2.8). 
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2.7.4 Anthropometric Measurements 

Tables 2.9, 2.10, 2.11, 2.12 and 2.13 represent the risk of developing BC and anthropometric 

measurements including body size at different ages in women overall, stratified by residential 

status (Rural/urban) and menopausal status respectively. 

Risk of BC increased in underweight women (BMI <18.5kg/m
2
) when compared to women 

with normal BMI of Asian category (18.5–22.9 kg/m
2
). The increased risk was observed 

overall and in stratified analysis for residential status (Rural/Urban) and menopausal status. 

The OR in urban women was 1.62 (95% CI: 1.03–2.52), similarly in rural women an OR of 

1.80 (95% CI: 1.09–2.99) was observed. The risk of developing BC in premenopausal women 

was 1.75 (95% CI: 1.16–2.65) whereas in postmenopausal women was (OR = 1.89; 95% CI: 

1.09–3.29). The risk persisted even when compared with normal BMI of world classification 

(18.5–24.9 kg/m
2
) and when the analysis were limited to women who did not report any 

weight change in last one year of enrolment (Data not shown).  A protective association 

observed in premenopausal women (OR = 0.93; 95% CI: 0.91–0.95) with per unit increase in 

BMI (world) continued in women who had attained menopause less than 10 years ago (OR = 

0.95; 95% CI: 0.92–0.98). However the risk of BC increased in women in highest category of 

BMI (world) who had attained menopause ≥10 years ago from the date of enrolment (OR = 

1.85; 95% CI: 1.05–3.28). In the present study, for every 5 cm increase in height the OR of 

1.10 (95% CI: 1.02–1.19) was observed in the urban area and in premenopausal women (OR 

= 1.24; 95% CI: 1.12–1.37), but not in rural area (OR = 1.05; 95% CI: 0.93–1.19). A 

significant increase in risk was observed with linear trend in WC in stratified analysis of 

residential status and menopausal status. An inverse relationship has been observed between 

HC and BC risk across all strata. The inverse association persisted even after adjusting for 

total number of full term pregnancies (Data not shown). Adult body weight of more than 65 

kg was found to be associated with premenopausal BC risk (OR = 0.56; 95% CI: 0.41–0.75) 
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and those living in urban area (OR = 0.70; 95% CI: 0.56–0.89).  With every 0.1 unit increase 

in WHR the risk of BC increased (OR = 1.76; 95% CI: 1.55–2.01), (OR = 1.55; 95% CI: 

1.29–1.86) (OR = 1.69; 95% CI: 1.47–1.96) and (OR = 1.71; 95% CI: 1.41–2.00) in urban, 

rural, premenopausal and postmenopausal women respectively. Body size at ages 10, 20 and 

at enrolment were analysed for their association with BC risk after adjusting for current 

WHR. Body size at age 10 was not found to be associated with BC; body size at age 20 

increased the risk of premenopausal cancer when adjusted for BMI (Data not shown). The 

risk, however, disappears when adjusted for WHR. Body size at the time of enrolment was 

shown to decrease the risk of premenopausal (OR = 0.82; 95% CI: 0.69–0.97) and 

postmenopausal cancer (OR = 0.83; 95% CI: 0.69–1.0002) when adjusted for WHR. An 

increased risk was observed in postmenopausal women with an increase in body size from age 

10 to age 20 (ORtrend = 1.25; P = 0.058). Any changes observed by women between age 20 

and at enrolment were not associated with the risk of BC. 
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Table 2.3: Distribution of selected Characteristics among Cases and Controls 

Parameters Categories 
Cases (n=1637) Controls (n=1515) 

Number % Number % 

Age at 

enrolment 

20-29 53 3.24 68 4.49 

30-39 357 21.81 364 24.03 

40-49 597 36.47 534 35.25 

50-59 440 26.88 401 26.47 

60-69 190 11.61 147 9.70 

Missing 0 0.00 1 0.07 

Mean (±SD) 46.18 (±9.73) 45.02 (±10.07) 

Region of 

residence at 

enrolment 

North 359 21.93 301 19.87 

West 795 48.56 781 51.55 

Central 98 5.99 85 5.61 

East 367 22.42 322 21.25 

South 18 1.10 26 1.72 

Missing 0 0.00 0 0.00 

Education 

No formal schooling 355 21.69 271 17.89 

Less than 5 years of 

schooling 
101 6.17 99 6.53 

5-8 years of schooling 361 22.05 365 24.09 

High School 451 27.55 454 29.97 

College graduation and 

more 
365 22.30 323 21.32 

Missing 4 0.24 3 0.20 

Menopausal 

Status 

Premenopausal 818 49.97 841 55.51 

Postmenopausal (Total) 815 49.79 663 43.76 

Natural menopause 623 76.44 499 76.30 

Menopause due to other 

reasons 
177 21.70 155 23.37 

Missing 4 0.24 11 0.73 
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Table 2.4: Association of different time periods lived in rural area and risk of breast cancer stratified by menopausal status 

Time spent (in 

years) in rural 

area 

Total (Cases=1637, Controls=1515) Premenopausal (Cases=818; Controls=841) Postmenopausal (Cases=815, Controls=663) 

Case/ 

Control 

OR
a
 

(95%CI) 
p-value 

OR
b
 

(95%CI) 
p-value 

Case/ 

Control 

OR
a
 

(95%CI) 
p-value 

OR
b
 

(95%CI) 
p-value 

Case/ 

Control 

OR
a
 

(95%CI) 
p-value 

OR
b
 

(95%CI) 
p-value 

Never 754/623 Reference Reference 381/354 Reference Reference 372/265 Reference Reference 

Ever 883/892 
0.81 

(0.71-0.94) 
0.006 

0.93 

(0.79-1.09) 
0.377 440/487 

0.82 

(0.68-1.00) 
0.060 

1.09 

(0.87-1.36) 
0.443 440/398 

0.78 

(0.63-0.96) 
0.022 

0.78 

(0.61-0.98) 
0.040 

1-10 years 61/54 
0.93 

(0.63-1.36) 
0.721 

1.00 

(0.67-1.50) 
0.985 29/32 

0.83 

(0.49-1.41) 
0.507 

0.98 

0.55-1.72 
0.945 32/22 

1.03 

0.58-1.82 
0.904 

1.04 

(0.58-1.89) 
0.876 

>10 years 822/838 
0.81 

(0.70-0.93) 
0.005 

0.92 

(0.78-1.08) 
0.347 411/455 

0.82 

(0.68-1.01) 
0.063 

1.10 

(0.87-1.38) 
0.409 408/376 

0.76 

(0.62-0.95) 
0.015 

0.76 

(0.60-0.97) 
0.027 

Risk per year lived in rural 

area 

 

0.90 

(0.83-0.96) 
0.004 

0.96 

(0.88-1.04) 
0.344 

 

0.91 

(0.82-1.00) 
0.064 

1.04 

(0.93-1.17) 
0.405 

 

0.87 

(0.78-0.97) 
0.015 

0.87 

(0.77-0.98) 
0.026 

Lived First 20 

years of life 
442/543 

0.67 

0.57-0.79 
<0.001 

0.81 

(0.67-0.99) 
0.042 200/305 

0.59 

(0.47-0.75) 
<0.001 

0.87 

(0.66-1.15) 
0.351 241/235 

0.72 

(0.57-0.92) 
0.010 

0.76 

(0.57-1.00) 
0.057 

Currently 

residing in rural 
555/497 

0.92 

(0.79-1.09) 
0.379 

1.06 

(0.88-1.28) 
0.503 290/293 

0.91 

(0.73-1.13) 
0.423 

1.18 

(0.91-1.52) 
0.200 262/199 

0.92 

(0.72-1.18) 
0.531 

0.95 

(0.71-1.26) 
0.731 

Lived < 20 

years in life 
1195/972 Reference Reference 621/536 Reference Reference 571/428 Reference Reference 

Lived First 20 

years of life 
442/543 

0.65 

(0.56-0.76) 
<0.001 

0.77 

(0.65-0.92) 
0.004 200/305 

0.55 

(0.44-0.68) 
<0.001 

0.74 

(0.58-0.95) 
0.019 241/235 

0.76 

(0.61-0.95) 
0.018 

0.80 

(0.62-1.04) 
0.101 

Currently 

residing in 

urban 

1080/1018 Reference Reference 530/548 Reference  Reference  549/464 Reference  Reference  

Currently 

residing in rural 
557/497 

1.07 

(0.92-1.24) 
0.365 

1.18 

(1.006-1.39) 
0.041 291/293 

1.03 

(0.84-1.26) 
0.761 

1.24 

(0.99-1.55) 
0.059 263/199 

1.11 

(0.89-1.39) 
0.331 

1.14 

(0.89-1.46) 
0.268 

Abbreviations: CI, Confidence Interval; OR, Odds ratio 
a
 Adjusted for age and region of residence 

b
 Adjusted for age, region of residence, education, height waist-to-hip ratio, age at first full-term pregnancy, menopausal status (where appropriate) 

Missing values were excluded from analysis 



77 

 

Table 2.5: Prevalence of Hormone Receptors in Rural and Urban India 

 Time spent (in years) in 

rural area 

ER+/PR+ 

(N=569) 

ER-/PR- 

(N=725) 

HER2+ 

(N=479) 

TNBC 

(N=470) 

Total 

N % N % N % N % N 

Never 279 46.73 323 53.27 187 31.32 201   33.67 597 

Ever 290 41.57 402 58.43 203 30.03 269 39.79 676 

Lived <20 years  432 45.71 513 54.29 302 31.96 325   34.39 945 

Lived first 20 years of life 128 39.02 200 60.98 88 26.83 145 44.21 328 

Currently living in urban 386 45.84 456 54.16 255 30.29 292 34.68 842 

Currently living in rural 174 40.37 257 59.63 135 31.32 178 41.30 431 

Abbreviations: ER+, Estrogen Receptor Positive ; ER-, Estrogen Receptor Negative; HER2+, Human epidermal 

growth factor receptor 2; PR+, Progesterone Receptor Positive; PR-, Progesterone Receptor Negative; TNBC, Triple 

Negative Breast Cancer  

 

 

Table 2.6: Association of Reproductive Factors and Risk of Breast Cancer 

Parameters Categories 

Total (Cases=1637, Controls=1515) 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value  

Age at menarche 

(in years)  

Total number of 

pregnancies
c 
  

≤12 251/233 Reference Reference 

13-14 858/811 0.97 (0.79-1.19) 0.783 0.93 (0.75-1.16) 0.551 

15-20 508/451 1.01 (0.81-1.27) 0.870 0.99 (0.78-1.26) 0.987 

Missing 20/20 
    

Trend test   1.01 (0.91-1.13) 0.769 1.01 (0.90-1.13) 0.854 

Risk per year increase in 

age at menarche 
0.99 (0.95-1.04) 0.996 0.99 (0.94-1.04) 0.868 

0 (Never) 68/59 Reference Reference 

Ever 1548/1441 0.88 (0.61-1.26) 0.500 0.89 (0.61-1.29) 0.564 

Missing 21/15 
    

No. of Full-term 

Pregnancies
c
   

1 230/171 Reference Reference 

2 555/496 0.80 (0.64-1.02) 0.076 0.76 (0.59-0.97) 0.030 

3 358/394 0.63 (0.49-0.81) <0.001 0.62 (0.48-0.81) 0.001 

≥4 388/361 0.71 (0.55-0.91) 0.009 0.66 (0.49-0.87) 0.004 

Missing 21/15 
    

Trend test   0.89 (0.82-0.96) 0.004 0.87 (0.80-0.95) 0.003 

Risk per increase in 

number of full-term 

pregnancy  

0.92 (0.88-0.98) 0.008 0.91 (0.86-0.97) 0.007 

Age at first full-

term pregnancy 

(in years)
d
   

<20 yrs 422/494 Reference Reference 

20-21 316/331 1.11 (0.91-1.36) 0.289 1.16 (0.94-1.44) 0.154 

22-23 261/234 1.30 (1.04-1.62) 0.017 1.32 (1.04-1.68) 0.022 

24-25 187/151 1.45 (1.13-1.87) 0.003 1.31 (0.99-1.73) 0.056 

≥26 335/209 1.87 (1.50-2.32) <0.001 1.83 (1.41-2.36) <0.001 

Missing 116/96 
    

Trend test   1.16 (1.10-1.22) <0.001 1.14 (1.08-1.21) <0.001 

Per 2 year increase in age 

at first full-term 

pregnancy 

1.11 (1.07-1.15) <0.001 1.10 (1.05-1.15) <0.001 
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Parameters Categories 

Total (Cases=1637, Controls=1515) 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value  

Age at first full-

term pregnancy (in 

years)
d
 

≤25 1186/1210 Reference Reference 

>25 335/209 1.63 (1.34-1.97) <0.001 1.53 (1.23-1.89) <0.001 

Missing 116/96 
    

Risk Per year increase in age 

at first full-term pregnancy  
1.05 (1.03-1.07) <0.001 1.05 (1.02-1.07) <0.001 

Interval between 

menarche and first 

full-term 

pregnancy  

(in years)
d
  

<10 984/1031 Reference Reference 

≥10 522/370 1.48 (1.26-1.74) <0.001 1.33 (1.11-1.60) 0.002 

Missing 131/114 
    

Age at last full-

term pregnancy (in 

years)
d
 

≤24 336/400 Reference Reference 

25-29 600/573 1.22 (1.02-1.47) 0.029 1.25 (1.02-1.52) 0.025 

30-34 427/337 1.46 (1.19-1.80) <0.001 1.45 (1.16-1.81) 0.001 

≥35 180/126 1.62 (1.22-2.13) 0.001 1.78 (1.31-2.41) <0.001 

Missing 94/79 
  

  

Trend test   1.18 (1.09-1.28) <0.001 1.20 (1.10-1.31) <0.001 

Duration since last 

birth (in years)
d 

≤10 414/378 
 

 

>10 1127/1057 0.75 (0.61-0.93) 0.010 0.70 (0.56-0.88) 0.002 

Missing 96/80 
  

  

History of 

Breastfeeding 

Never 107/102 Reference Reference 

Ever 1503/1394 1.01 (1.004-1.018) 0.001 1.05 (0.57-1.94) 0.855 

Missing 27/19 
    

Duration of 

Breastfeeding (in 

months)
d 

 

≤12 165/144 Reference Reference 

13-24 195/162 1.05 (0.77-1.43) 0.738 1.06 (0.77-1.45) 0.719 

25-36 218/197 0.98 (0.72-1.31) 0.899 0.96 (0.70-1.31) 0.829 

> 36 943/912 0.88 (0.69-1.12) 0.319 0.96 (0.73-1.26) 0.770 

Missing 115/100 
    

Trend test   0.94 (0.88-1.01) 0.111 0.97 (0.89-1.06) 0.574 

Risk per month increase in 

breastfeeding 
0.999 (0.997-1.00) 0.334 

1.00 (0.99-

1.003) 
0.525 

Average duration 

breastfed per child 

(in months) 

≤6 112/93 Reference Reference 

7-12 287/247 0.96 (0.69-1.33) 0.825 0.89 (0.63-1.26) 0.538 

13-18 286/282 0.84 (0.61-1.16) 0.304 0.85 (0.60-1.20) 0.378 

19-24 357/375 0.78 (0.57-1.07) 0.132 0.81 (0.58-1.41) 0.239 

>24 455/394 0.96 (0.70-1.31) 0.818 1.00 (0.72-1.38) 0.989 

Missing 140/124 
    

Trend test   0.98 (0.93-1.04) 0.708 1.01 (0.95-1.07) 0.646 

Risk per month increase in 

breastfeeding 
1.003 (0.99-1.009) 0.265 1.00 (0.99-1.01) 0.160 

Twin pregnancy 

Never 1496/1407 Reference Reference 

Ever 36/16 2.06 (1.13-3.73) 0.017 1.81 (0.96-3.40) 0.065 

Missing NA 
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Parameters Categories 

Total (Cases=1637, Controls=1515) 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value  

OC use   

Never 1430/1367 Reference Reference 

Ever 155/122 1.29 (1.008-1.67) 0.042 1.17 (0.90-1.54) 0.232 

Past users
e
 101/91 1.10 (0.82-1.48) 0.517 1.01 (0.74-1.38) 0.910 

Current users
f
 40/24 1.86 (1.11-3.14) 0.019 1.68 (0.97-2.90) 0.059 

Short term 

current users
g
 

17/10 1.89 (0.85-4.18) 0.113 1.45 (0.64-3.30) 0.364 

Long term 

current users
h
 

23/14 1.79 (0.91-3.53) 0.088 1.75 (0.86-3.54) 0.118 

Missing 52/26 
    

Age OC use 

started (in years)  

Never 1430/1367 Reference Reference 

≤24 66/54 1.28 (0.88-1.86) 0.184 1.27 (0.86-1.89) 0.226 

25-29 45/41 1.10 (0.71-1.69) 0.660 0.95 (0.60-1.49) 0.832 

≥30 32/20 1.59 (0.90-2.80) 0.109 1.33 (0.73-2.44) 0.345 

Missing 64/33   

  Trend test  1.13 (0.98-1.29) 0.070 1.06 (0.92-1.23) 0.368 

Total duration 

of OC use  

 (in years) 

Never 1430/1367 Reference Reference 

<1 77/61 1.29 (0.91-1.83) 0.142 1.14 (0.79-1.65) 0.467 

1-4 45/35 1.29 (0.82-2.03) 0.259 1.18 (0.74-1.89) 0.468 

≥5 18/19 0.98 (0.51-1.88) 0.959 1.04 (0.53-2.05) 0.895 

Missing 67/33 
    

Trend test 
 

1.09 (0.94-1.26) 0.223 1.06 (0.91-1.24) 0.430 

Risk per month increase in duration 

of OC use 

0.999 

(0.994-1.005) 
0.874 

0.999 

(0.993-1.005) 
0.824 

Risk per year increase in duration of 

OC use 
0.99 (0.93-1.06) 0.874 0.99 (0.92-1.06) 0.824 

No. of Induced 

Abortions 

0 1187/1172 Reference Reference 

1 275/240 1.15 (0.94-1.39) 0.152 1.10 (0.89-1.35) 0.361 

≥2 175/103 1.70 (1.31-2.20) <0.001 1.65 (1.25-2.17) <0.001 

Missing NA 
    

Trend   1.25 (1.12-1.40) <0.001 1.23 (1.09-1.39) 0.001 

 Risk per increase in abortion 1.24 (1.12-1.37) <0.001 1.22 (1.10-1.36) <0.001 

No. of 

Spontaneous 

Abortions 

0 1431/1220 Reference Reference 

1 157/195 0.68 (0.54-0.85) 0.001 0.73 (0.57-0.92) 0.010 

≥2 49/100 0.42 (0.29-0.60) <0.001 0.44 (0.30-0.64) <0.001 

Missing NA 
    

Trend   0.66 (0.57-0.76) <0.001 0.68 (0.59-0.80) <0.001 

Risk per increase in miscarriage 0.72 (0.63-0.81) <0.001 0.73 (0.64-0.84) <0.001 

Abbreviations: CI, Confidence Interval; OR, Odds ratio; NA, Not Applicable; OC, Oral Contraceptive.  
a
 Adjusted for age & region of residence. 

b
 Adjusted on age, region of residence, education, rural-urban status, menopausal status, induced & spontaneous abortion,  

age at first full-term pregnancy, height, waist-to-hip ratio. 
c
 Not adjusted for age at first full-term pregnancy. 

d
 Adjusted for total number of pregnancies instead of age at first full-term pregnancy. 

e 
Past Users: Women who had stopped OC use more than 5 years ago from the date of enrolment. 

f 
Current Users: Women who had used OC in last 5 years from the date of enrolment. 

g 
Short-term Current Users: Current OC users with no more than 2 years of usage. 

h 
Long-term Current Users: Current OC users with more than 2 years of usage. 

Missing values were excluded from analysis 
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Table 2.7: Association of Reproductive Factors and risk of Breast Cancer stratified by Rural-Urban Status 

Parameters Categories 

Lived less than 20 years in life in rural area (Urban) 

Cases=1195, Controls=972 

Lived first 20 years of life in rural area (Rural) 

Cases=442, Controls=543 

Case/ 

Control 
OR

a
 (95% CI) p-value  OR

b
 (95%CI) p-value  

Case/ 

Control 
OR

a
 (95% CI) p-value  OR

b
 (95%CI) p-value  

Age at menarche (in 

years)  

≤12 190/148 Reference Reference 61/85 Reference Reference 

13-14 637/525 0.93 (0.73-1.19) 0.600 0.88 (0.67-1.15) 0.381 221/286 1.06 (0.73-1.54) 0.750 1.06 (0.72-1.58) 0.738 

15-20 353/287 0.92 (0.70-1.21) 0.580 0.91 (0.68-1.22) 0.561 155/164 1.29 (0.86-1.92) 0.212 1.20 (0.78-1.84) 0.395 

Missing 15/12 
    

5/8 
    

Trend test   0.96 (0.84-1.10) 0.619 0.97 (0.84-1.11) 0.675   1.15 (0.95-1.39) 0.149 1.10 (0.89-1.35) 0.354 

Risk per year increase in 

age at menarche 
0.97 (0.92-1.03) 0.422 0.97 (0.91-1.03) 0.379   1.06 (0.97-1.15) 0.157 1.03 (0.94-1.13) 0.415 

P heterogeneity 0.583 

Total number of 

pregnancies
c 
  

0 (Never) 62/49 Reference Reference 6/10 Reference Reference 

Ever 1113/908 0.92 (0.62-1.35) 0.683 0.82 (0.55-1.23) 0.350 435/533 1.39 (0.50-3.89) 0.522 1.46 (0.52-4.14) 0.468 

Missing 20/15 
    

1/0 
    

P heterogeneity 0.396 

No. of Full-term 

Pregnancies
c
   

1 190/141 Reference Reference 40/30 Reference Reference 

2 443/369 0.87 (0.67-1.13) 0.318 0.80 (0.61-1.05) 0.117 112/127 0.62 (0.36-1.07) 0.088 0.57 (0.32-1.00) 0.051 

3 232/209 0.79 (0.59-1.06) 0.121 0.69 (0.51-0.94) 0.019 126/185 0.44 (0.26-0.76) 0.003 0.41 (0.23-0.72) 0.002 

≥4 232/176 0.91 (0.67-1.24) 0.568 0.72 (0.52-1.02) 0.066 156/185 0.50 (0.29-0.86) 0.013 0.42 (0.24-0.75) 0.004 

Missing 20/15 
    

1/0 
    

Trend test   0.96 (0.88-1.06) 0.504 0.89 (0.80-0.99) 0.042   0.84 (0.72-0.97) 0.021 0.80 (0.68-0.93) 0.006 

Risk per increase in 

number of full-term 

pregnancy  

1.00 (0.93-1.07) 0.906 0.95 (0.88-1.03) 0.267 

 

0.87 (0.79-0.95) 0.004 0.84 (0.76-0.93) 0.001 

P heterogeneity 0.313 
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Parameters Categories 

Lived less than 20 years in life in rural area (Urban) 

Cases=1195, Controls=972 

Lived first 20 years of life in rural area (Rural) 

Cases=442, Controls=543 

Case/ 

Control 
OR

a
 (95% CI) p-value  OR

b
 (95%CI) p-value  

Case/ 

Control 
OR

a
 (95% CI) p-value  OR

b
 (95%CI) p-value  

Age at first full-

term pregnancy  

(in years)
d
   

<20 221/195 Reference Reference 201/299 Reference Reference 

20-21 186/190 0.86 (0.65-1.13) 0.297 1.03 (0.76-1.38) 0.841 130/141 1.37 (1.01-1.85) 0.037 1.34 (0.98-1.84) 0.061 

22-23 213/193 0.97 (0.74-1.28) 0.860 1.19 (0.88-1.60) 0.239 48/41 1.70 (1.08-2.69) 0.021 1.71 (1.07-2.76) 0.025 

24-25 162/122 1.17 (0.87-1.59) 0.287 1.32 (0.94-1.84) 0.101 25/29 1.26 (0.71-2.22) 0.418 1.10 (0.61-1.99) 0.737 

≥26 307/193 1.41 (1.08-1.84) 0.010 1.78 (1.32-2.41) <0.001 28/16 2.59 (1.36-4.92) 0.004 2.24 (1.13-4.43) 0.020 

Missing 106/79 
    

10/17 
    

Trend test   1.10 (1.04-1.17) 0.001 1.15 (1.07-1.24) <0.001   1.21 (1.08-1.36) 0.001 1.17 (1.04-1.33) 0.010 

Per 2 year increase in age at 

first full-term pregnancy 
1.07 (1.03-1.11) 0.001 1.10 (1.05-1.16) <0.001   1.16 (1.06-1.26) 0.001 1.14 (1.04-1.25) 0.005 

P heterogeneity 0.216 

Age at first full-

term pregnancy  

(in years)
d
 

≤25 782/700 Reference Reference 404/510 Reference Reference 

>25 307/193 1.43 (1.16-1.76) 0.001 1.57 (1.25-1.97) <0.001 28/16 2.21 (1.17-4.15) 0.014 1.88 (0.97-3.66) 0.061 

Missing 106/79 
    

10/17 
    

Risk Per year increase in age 

at first full-term pregnancy  
1.03 (1.01-1.05) 0.001 1.05 (1.02-1.07) <0.001   1.07 (1.03-1.12) 0.001 1.06 (1.02-1.11) 0.005 

P heterogeneity 0.211 

Interval between 

menarche and 

first full-term 

pregnancy   (in 

years)
d
 

<10 612/556 Reference Reference 372/475 Reference Reference 

≥10 467/327 1.31 (1.09-1.57) 0.004 1.36 (1.11-1.68) 0.003 55/43 1.60 (1.05-2.45) 0.028 1.43 (0.91-2.24) 0.114 

Missing 116/89 
    

15/25 
    

P heterogeneity 0.307 

Age at last full-

term pregnancy  

(in years)
d
 

≤24 209/200 Reference Reference 127/200 Reference Reference 

25-29 413/362 1.08 (0.85-1.38) 0.494 1.13 (0.87-1.46) 0.334 187/211 1.33 (0.99-1.81) 0.057 1.56 (1.12-2.16) 0.007 

30-34 332/254 1.23 (0.95-1.60) 0.100 1.29 (0.98-1.69) 0.065 95/83 1.68 (1.16-2.44) 0.006 2.13 (1.40-3.23) 0.000 

≥35 155/87 1.67 (1.20-2.33) 0.002 1.87 (1.30-2.68) 0.001 25/39 0.85 (0.48-1.50) 0.588 1.42 (0.76-2.68) 0.267 

Missing 86/69 
    

8/10 
    

Trend test 
 

1.16 (1.05-1.28) 0.002 1.20 (1.08-1.33) 0.001 
 

1.11 (0.95-1.28) 0.166 1.28 (1.07-1.52) 0.005 

P heterogeneity 0.068 
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Parameters Categories 

Lived less than 20 years in life in rural area (Urban) 

Cases=1195, Controls=972 

Lived first 20 years of life in rural area (Rural) 

Cases=442, Controls=543 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Duration since 

last birth (in 

years)
d
 

≤10 320/249 Reference Reference 94/129 Reference Reference 

>10 787/653 0.78 (0.60-1.02) 0.072 0.68 (0.52-0.89) 0.006 340/404 0.83 (0.56-1.21) 0.341 0.68 (0.45-1.03) 0.070 

Missing 88/70 
    

8/10 
    

P heterogeneity 0.301 

History of 

Breastfeeding 

Never 96/79 Reference Reference 11/23 Reference Reference 

Ever 1073/876 1.00 (0.99-1.01) 0.071 1.02 (0.51-2.03) 0.944 430/518 1.02 (1.00-1.03) 0.003 0.98 (0.25-3.81) 0.981 

Missing 26/17 
  

½ 
  

P heterogeneity 0.934 

Duration of 

Breastfeeding 

(in months)
d
 

≤12 143/121 Reference Reference 22/23 Reference Reference 

13-24 156/120 1.09 (0.77-1.53) 0.599 1.07 (0.75-1.52) 0.692 39/42 0.96 (0.46-2.01) 0.931 0.93 (0.43-1.99) 0.864 

25-36 168/140 1.01 (0.72-1.41) 0.926 0.95 (0.67-1.35) 0.794 50/57 0.93 (0.46-1.87) 0.842 0.86 (0.41-1.80) 0.697 

> 36 620/511 1.00 (0.76-1.32) 0.95 0.92 (0.68-1.25) 0.628 323/401 0.78 (0.42-1.44) 0.438 0.85 (0.44-1.65) 0.648 

Missing 107/80 
    

8/20 
    

Trend test 
 

0.99 (0.91-1.07) 0.826 0.96 (0.87-1.05) 0.440 
 

0.90 (0.77-1.06) 0.220 0.95 (0.80-1.13) 0.616 

Risk per month increase 

in breastfeeding 

1.001 

(0.99-1.003) 
0.309 

1.000 (0.99-

1.003) 
0.501 

 

0.997 

(0.994-1.00) 
0.128 

1.000 

(0.99-1.003) 
0.999 

P heterogeneity 0.846 

Average 

duration 

breastfed per 

child (in 

months) 

≤6 95/77 Reference Reference 17/16 Reference Reference 

7- 12 227/171 1.05 (0.73-1.52) 0.754 0.95 (0.65-1.39) 0.817 60/76 0.78 (0.36-1.69) 0.541 0.66 (0.30-1.48) 0.326 

13-18 197/172 0.91 (0.63-1.32) 0.649 0.87 (0.59-1.28) 0.486 89/110 0.78 (0.37-1.64) 0.514 0.71 (0.32-1.56) 0.402 

19- 24 228/223 0.81 (0.57-1.16) 0.262 0.77 (0.53-1.12) 0.185 129/152 0.81 (0.39-1.68) 0.581 0.75 (0.35-1.60) 0.461 

>24 320/232 1.11 (0.79-1.57) 0.525 1.06 (0.74-1.53) 0.730 135/162 0.81 (0.39-1.67) 0.572 0.74 (0.34-1.57) 0.436 

Missing 128/97 
    

12/27 
    

Trend test 
 

1.00 (0.94-1.07) 0.840 1.01 (0.94-1.08) 0.777 
 

0.99 (0.89-1.11) 0.935 1.00 (0.89-1.12) 0.978 

Risk per month increase 

in breastfeeding 
1.00 (0.99-1.01) 0.123 1.00 (0.99-1.01) 0.145 

 
1.00 (0.98-1.01) 0.877 0.99 (0.98-1.01) 0.961 

P heterogeneity 0.547 

Twin 

pregnancy 

Never 1073/882 Reference Reference 423/525 Reference Reference 

Ever 25/13 1.55 (0.79-3.06) 0.199 1.21 (0.59-2.46) 0.590 11/3 4.27 (1.17-15.53) 0.027 6.28 (1.34-29.26) 0.019 

Missing NA 
    

NA 
    

P heterogeneity 0.030 
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Parameters Categories 

Lived less than 20 years in life in rural area (Urban) 

Cases=1195, Controls=972 

Lived first 20 years of life in rural area (Rural) 

Cases=442, Controls=543 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

OC use 

Never 1031/872 Reference Reference 399/495 Reference Reference 

Ever 125/81 1.38 (1.02-1.85) 0.034 1.28 (0.94-1.76) 0.115 30/41 1.01 (0.61-1.67) 0.950 0.89 (0.52-1.52) 0.685 

Past users
e
 82/60 1.19 (0.84-1.69) 0.312 1.13 (0.78-1.63) 0.498 19/31 0.82 (0.45-1.49) 0.519 0.73 (0.39-1.36) 0.329 

Current users
f
 34/14 2.39 (1.26-4.52) 0.008 2.26 (1.16-4.37) 0.016 6/10 0.87 (0.30-2.47) 0.800 0.68 (0.22-2.06) 0.502 

Short-term 

current users
g
 

16/7 2.24 (0.91-5.53) 0.079 1.92 (0.75-4.90) 0.169 
Not estimated because of small number (n ≤5 among controls) 

Long-term 

current users
h
 

18/7 2.48 (1.02-6.03) 0.043 2.46 (0.99-6.12) 0.052 

Missing 39/19 
    

13/7     

P heterogeneity 0.252 

Age OC use started 

(in years) 

Never 1031/872 Reference Reference 399/495 Reference Reference 

≤24 49/32 1.40 (0.88-2.21) 0.151 1.42 (0.87-2.30) 0.155 17/22 1.09 (0.56-2.12) 0.787 0.97 (0.48-1.96) 0.940 

25-29 40/29 1.21 (0.74-1.97) 0.438 1.09 (0.66-1.81) 0.722 5/12 0.56 (0.19-1.63) 0.295 0.50 (0.16-1.51) 0.233 

≥30 29/14 1.86 (0.97-3.57) 0.059 1.67 (0.84-3.33) 0.139 3/6 0.65 (0.16-2.67) 0.559 0.48 (0.11-2.06) 0.333 

Missing 46/25     18/8     

Trend test  1.19 (1.02-1.39) 0.026 1.15 (0.97-1.35) 0.097  0.86 (0.63-1.18) 0.368 0.79 (0.56-1.10) 0.169 

P heterogeneity 0.251 

Total duration of OC 

use  (in years) 

Never 1031/872 Reference Reference 399/495 Reference Reference 

<1 65/36 1.62 (1.06-2.47) 0.023 1.42 (0.91-2.22) 0.120 12/25 0.67 (0.32-1.36) 0.270 0.62 (0.29-1.32) 0.219 

1-4 37/27 1.22 (0.73-2.03) 0.432 1.22 (0.72-2.06) 0.445 8/8 1.27 (0.47-3.43) 0.635 1.01 (0.35-2.89) 0.978 

≥5 1412 1.04 (0.48-2.28) 0.906 1.21 (0.54-2.70) 0.638 4/7 0.87 (0.24-3.05) 0.830 0.77  (0.21-2.81) 0.703 

Missing 48/25 
    

19/8 
    

Trend test 
 

1.13 (0.95-1.34) 0.156 1.12 (0.94-1.34) 0.188 
 

0.95 (0.70-1.28) 0.758 0.89 (0.64-1.22) 0.479 

Risk per month increase in 

duration of OC use 

1.000  

(0.99-1.007) 
0.826 

1.001 

 (0.99-1.007) 
0.687 

 
0.99 (0.98-1.00) 0.343 0.99 (0.97-1.00) 0.259 

Risk per year increase in 

duration of OC use 
1.00 (0.93-1.08) 0.826 1.01 (0.93-1.10) 0.687 

 
0.92 (0.78-1.08) 0.343 0.90 (0.75-1.07) 0.259 

P heterogeneity 0.290 
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Parameters Categories 

Lived less than 20 years in life in rural area (Urban) 

Cases=1195, Controls=972 

Lived first 20 years of life in rural area (Rural) 

Cases=442, Controls=543 

Case/ 

Control 
OR

a
 (95% CI) p-value  OR

b
 (95%CI) p-value  

Case/ 

Control 
OR

a
 (95% CI) p-value  OR

b
 (95%CI) p-value  

No. of Induced 

Abortions 

0 836/719 Reference Reference 351/453 Reference Reference 

1 219/175 1.08 (0.86-1.35) 0.472 1.10 (0.87-1.40) 0.407 56/65 1.15 (0.78-1.69) 0.475 1.10 (0.73-1.66) 0.629 

≥2 140/78 1.55 (1.15-2.08) 0.004 1.58 (1.15-2.16) 0.004 35/25 1.94 (1.13-3.31) 0.015 2.08 (1.16-3.72) 0.013 

Missing NA 
    

NA 
    

Trend 
 

1.20 (1.05-1.36) 0.006 1.21 (1.05-1.40) 0.006 
 

1.31 (1.04-1.65) 0.019 1.32 (1.03-1.70) 0.025 

Risk per increase in abortion 1.20 (1.07-1.34) 0.002 1.21 (1.07-1.37) 0.002 
 

1.26 (1.03-1.54) 0.019 1.29 (1.04-1.60) 0.016 

P heterogeneity 0.651 

No. of Spontaneous 

Abortions 

0 1046/795 Reference Reference 385/425 Reference Reference 

1 115/118 0.73 (0.56-0.96) 0.029 0.79 (0.58-1.06) 0.120 42/77 0.60 (0.40-0.90) 0.015 0.62 (0.41-0.95) 0.029 

≥2 34/59 0.44 (0.28-0.67) <0.001 0.47 (0.29-0.75) 0.002 15/41 0.41 (0.22-0.76) 0.005 0.42 (0.22-0.80) 0.002 

Missing NA 
    

NA 
    

Trend   0.69 (0.58-0.82) <0.001 0.72 (0.59-0.87) 0.001   0.63 (0.49-0.81) <0.001 0.64 (0.49-0.83) 0.001 

Risk per increase in 

miscarriage 
0.74 (0.64-0.86) <0.001 0.76 (0.64-0.89) 0.001   0.68 (0.55-0.85) 0.001 0.70 (0.56-0.89) 0.004 

P heterogeneity 0.681 

Abbreviations: CI, Confidence Interval; NA, Not Applicable; OR, Odds ratio; OC, Oral Contraceptive. 
a
 Adjusted for age and region of residence. 

b
 Adjusted on age, region of residence, education, menopausal status, induced and spontaneous abortion,  age at first full-term pregnancy, height, waist-to-hip ratio. 

c
 Not adjusted for age at first full-term pregnancy. 

d
 Adjusted for total number of pregnancies instead of age at first full-term pregnancy. 

e 
Past Users: Women who had stopped OC use more than 5 years ago from the date of enrolment. 

f 
Current Users: Women who had used OC in last 5 years from the date of enrolment. 

g 
Short-term Current Users: Current OC users with no more than 2 years of usage. 

h 
Long-term Current Users: Current OC users with more than 2 years of usage. 

Missing values were excluded from analysis. 
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Table 2.8: Association of Reproductive Factors and risk of Breast Cancer stratified by Menopausal Status 

Parameters Categories 

Premenopausal (Cases=818; Controls=841) Postmenopausal (Cases=815, Controls=663) 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Age at menarche  

(in years) 

≤12 132/141 Reference Reference 118/92 Reference Reference 

13-14 431/455 0.99 (0.75-1.30) 0.962 0.99 (0.73-1.34) 0.964 426/350 0.94 (0.69-1.28) 0.735 0.87 (0.62-1.20) 0.414 

15-20 250/233 1.09 (0.81-1.48) 0.548 1.11 (0.80-1.56) 0.509 257/214 0.93 (0.67-1.30) 0.707 0.88 (0.62-1.25) 0.492 

Missing 8/12 
    

11/7 
    

Trend test 
 

1.05 (0.91-1.22) 0.472 1.06 (0.90-1.25) 0.420 
 

0.97 (0.83-1.13) 0.739 0.95 (0.80-1.13) 0.589 

Risk per year increase in age 

at menarche 
1.03 (0.97-1.10) 0.276 1.04 (0.97-1.11) 0.248 

 
0.96 (0.90-1.02) 0.269 0.95 (0.88-1.02) 0.185 

P heterogeneity 0.319 

Total number of 

pregnancies
c
 

0 (Never) 35/42 Reference Reference 33/17 Reference Reference 

Ever 776/789 1.08 (0.67-1.72) 0.738 1.13 (0.69-1.84) 0.622 769/641 0.62 (0.34-1.12) 0.116 0.63 (0.34-1.17) 0.146 

Missing 10/10 
    

10/5 
    

P heterogeneity 0.103 

No. of Full-term 

Pregnancies
c
 

1 145/122 Reference Reference 85/48 Reference Reference 

2 340/299 0.91 (0.68-1.22) 0.589 0.90 (0.66-1.21) 0.502 215/196 0.62 (0.41-0.93) 0.021 0.58 (0.38-0.89) 0.013 

3 173/215 0.61 (0.44-0.84) 0.005 0.64 (0.45-0.91) 0.013 184/174 0.60 (0.39-0.90) 0.015 0.58 (0.37-0.90) 0.015 

≥4 108/144 0.54 (0.38-0.78) 0.004 0.58 (0.39-0.86) 0.008 278/213 0.75 (0.50-1.12) 0.171 0.64 (0.41-1.00) 0.052 

Missing 10/10 
    

10/5 
    

Trend test 
 

0.79 (0.70-0.88) <0.001 0.83 (0.74-0.94) 0.004 
 

0.99 (0.89-1.10) 0.880 0.94 (0.83-1.06) 0.329 

Risk per increase in number of 

full-term pregnancy 
0.83 (0.76-0.91) <0.001 0.85 (0.77-0.94) 0.002 

 
0.98 (0.92-1.06) 0.761 0.95 (0.88-1.03) 0.265 

P heterogeneity 0.019 

Age at first full-

term pregnancy  

 (in years)
d
 

<20 176/277 Reference Reference 244/212 Reference Reference 

20-21 156/189 1.27 (0.95-1.69) 0.097 1.26 (0.93-1.70) 0.126 160/141 0.98 (0.73-1.32) 0.930 1.06 (0.78-1.45) 0.668 

22-23 134/126 1.67 (1.23-2.28) 0.001 1.46 (1.04-2.05) 0.027 127/104 1.06 (0.77-1.46) 0.693 1.16 (0.82-1.65) 0.384 

24-25 110/86 2.00 (1.42-2.81) <0.001 1.57 (1.07-2.30) 0.019 76/65 1.01 (0.69-1.48) 0.927 1.01 (0.67-1.53) 0.934 

≥26 184/100 2.91 (2.13-3.97) <0.001 2.45 (1.71-3.53) <0.001 151/108 1.21 (0.89-1.65) 0.213 1.33 (0.92-1.92) 0.122 

Missing 61/63 
    

54/33 
    

Trend test 
 

1.29 (1.20-1.39) <0.001 1.22 (1.12-1.33) <0.001 
 

1.04 (0.97-1.12) 0.236 1.06 (0.97-1.15) 0.178 

Risk per 2 year increase in age 

at first full-term pregnancy 
1.21 (1.14-1.27) <0.001 1.16 (1.09-1.24) <0.001 

 
1.02 (0.97-1.08) 0.252 1.04 (0.98-1.10) 0.186 

P heterogeneity 0.006 
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Parameters Categories 

Premenopausal (Cases=818; Controls=841) Postmenopausal (Cases=815, Controls=663) 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Age at first full-

term pregnancy   

(in years)
d
 

≤25 576/678 Reference Reference 607/522 Reference Reference 

>25 184/100 2.18 (1.66-2.86) <0.001 1.86 (1.38-2.50) <0.001 151/108 1.20 (0.91-1.58) 0.188 1.25 (0.91-1.70) 0.156 

Missing 61/63 
    

54/33 
    

Risk Per year increase in age 

at first full-term pregnancy 
1.10 (1.07-1.12) <0.001 1.08 (1.04-1.11) <0.001 

 
1.01 (0.98-1.03) 0.252 1.02 (0.99-1.05) 0.186 

P heterogeneity 0.004 

Interval between 

menarche and first 

full-term pregnancy 

(in years)
d
 

<10 460/575 Reference Reference 522/448 Reference Reference 

≥10 293/192 1.93 (1.54-2.42) <0.001 1.50 (1.16-1.94) 0.002 228/176 1.11 (0.87-1.40) 0.380 1.16 (0.89-1.52) 0.263 

Missing 68/74 
    

62/39 
    

P heterogeneity 0.012 

Age at last full-term 

pregnancy   

(in years)
d
 

≤24 176/260 Reference Reference 158/137 Reference Reference 

25-29 305/318 1.41 (1.10-1.80) 0.013 1.34 (1.03-1.75) 0.029 295/249 1.03 (0.77-1.37) 0.822 1.09 (0.80-1.47) 0.576 

30-34 207/170 1.78 (1.34-2.37) <0.001 1.65 (1.21-2.25) 0.001 219/167 1.14 (0.84-1.55) 0.381 1.19 (0.85-1.66) 0.305 

≥35 84/38 3.21 (2.07-4.97) <0.001 3.16 (1.94-5.13) <0.001 96/86 0.98 (0.67-1.43) 0.927 1.17 (0.77-1.76) 0.446 

Missing 49/55 
    

44/24 
    

Trend test 
 

1.40 (1.24-1.57) <0.001 1.36 (1.20-1.55) <0.001 
 

1.01 (0.91-1.14) 0.731 1.06 (0.94-1.20) 0.325 

P heterogeneity 0.005 

Duration since last 

birth  (in years)
d
 

≤10 383/349 Reference Reference 31/29 Reference Reference 

>10 389/436 0.59 (0.46-0.77) <0.001 0.58 (0.44-0.77) <0.001 735/610 1.17 (0.67-2.03) 0.565 1.03 (0.58-1.84) 0.903 

Missing 49/56 
    

46/24 
    

P heterogeneity 0.320 

History of 

Breastfeeding 

Never 58/61 Reference Reference 49/41 Reference Reference 

Ever 751/768 0.96 (0.66-1.41) 0.874 0.74 (0.30-1.83) 0.526 749/615 1.02 (0.66-1.57) 0.918 1.36 (0.58-3.22) 0.472 

Missing 12/12 
    

14/7 
    

P heterogeneity 0.182 

Duration of 

Breastfeeding  

 (in months)
d
 

≤12 93/86 Reference Reference 72/58 Reference Reference 

13-24 114/91 1.16 (0.77-1.74) 0.456 1.23 (0.80-1.87) 0.337 81/70 0.93 (0.58-1.49) 0.771 0.87 (0.53-1.42) 0.585 

25-36 130/132 0.92 (0.62-1.34) 0.672 0.95 (0.63-1.42) 0.829 88/64 1.10 (0.69-1.78) 0.666 1.02 (0.61-1.68) 0.935 

>36 425/467 0.82 (0.59-1.13) 0.234 1.02 (0.71-1.47) 0.891 515/436 0.95 (0.65-1.38) 0.805 0.89 (0.59-1.36) 0.615 

Missing 58/65 
    

56/35 
    

Trend test 
 

0.90 (0.82-0.99) 0.043 0.98 (0.87-1.09) 0.751 
 

0.90 (0.82-0.99) 0.043 0.97 (0.86-1.10) 0.715 

Risk per month increase in 

breastfeeding 

0.996 

 (0.994-0.999) 
0.027 

1.000  

(0.99-1.004) 
0.730 

 

0.996 

 (0.994-0.999) 
0.027 

1.000 

 (0.99-1.003) 
0.776 

P heterogeneity 0.341 
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Parameters Categories 

Premenopausal (Cases=818; Controls=841) Postmenopausal (Cases=815, Controls=663) 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Average duration 

breastfed per child 

(in months) 

≤6 54/52 Reference Reference 58/40 Reference Reference 

7-12 139/140 0.93 (0.59-1.46) 0.780 0.98 (0.60-1.58) 0.948 148/107 0.95 (0.59-1.53) 0.845 0.79 (0.48-1.31) 0.372 

13-18 147/160 0.86 (0.55-1.34) 0.522 0.99 (0.61-1.59) 0.973 138/120 0.79 (0.49-1.27) 0.335 0.68 (0.41-1.13) 0.145 

19-24 168/196 0.80 (0.52-1.24) 0.331 0.96 (0.60-1.53) 0.879 188/176 0.73 (0.46-1.15) 0.186 0.65 (0.40-1.06) 0.088 

>24 240/218 1.04 (0.68-1.59) 0.841 1.21 (0.77-1.90) 0.402 214/171 0.86 (0.54-1.35) 0.515 0.77 (0.47-1.24) 0.289 

Missing 7375 
    

66/49 
    

Trend test 
 

1.01 (0.94-1.10) 0.671 1.05 (0.97-1.14) 0.209 
 

1.01 (0.94-1.10) 0.671 0.96 (0.87-1.05) 0.392 

Risk per month increase 

in breastfeeding 
1.00 (0.99-1.01) 0.349 1.00 (0.99-1.01) 0.172 

 
1.00 (0.99-1.01) 0.349 1.00 (0.99-1.01) 0.621 

P heterogeneity 0.976 

Twin pregnancy 

Never 753/776 Reference Reference 740/620 Reference Reference 

Ever 14/4 3.72 (1.21-11.38) 0.021 3.45 (1.07-11.04) 0.037 22/12 1.54 (0.75-3.14) 0.233 1.34 (0.62-2.87) 0.447 

Missing NA 
    

NA 
    

P heterogeneity 0.215 

OC use 

Never 669/723 Reference Reference 758/633 Reference Reference 

Ever 110/95 1.30 (0.97-1.76) 0.075 1.14 (0.82-1.57) 0.422 45/27 1.37 (0.84-2.25) 0.198 1.36 (0.80-2.28) 0.246 

Missing 39/23     12/3     

P heterogeneity 0.730 

 

Age OC use started  

(in years) 

Never 669/723 Reference Reference 758/633 Reference Reference 

≤24 47/45 1.23 (0.80-1.88) 0.341 1.26 (0.80-2.00) 0.314 19/9 1.73(0.78-3.87) 0.176 1.78 (0.76-4.19) 0.182 

25-29 31/32 1.06 (0.64-1.76) 0.805 0.83 (0.48-1.42) 0.500 14/9 1.30 (0.56-3.03) 0.539 1.37 (0.57-3.28) 0.479 

≥30 23/13 1.92 (0.96-3.84) 0.064 1.45 (0.69-3.04) 0.316 9/7 1.04 (0.38-2.84) 0.929 0.88 (0.30-2.60) 0.825 

Missing 48/28     15/5     

Trend test  1.15 (0.98-1.36) 0.081 1.05 (0.88-1.25) 0.546 

 

1.11 (0.86-1.43) 0.400 1.09 (0.83-1.43) 0.502 

P heterogeneity 0.404 
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Parameters Categories 

Premenopausal (Cases=818; Controls=841) Postmenopausal (Cases=815, Controls=663) 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Duration of OC 

use  (in years) 

Never 669/723 Reference Reference 758/633 Reference Reference 

<1 53/47 1.29 (0.85-1.94) 0.221 1.09 (0.70-1.69) 0.690 24/14 1.41 (0.72-2.76) 0.310 1.35 (0.66-2.79) 0.402 

1-4 31/26 1.33 (0.78-2.26) 0.293 1.13 (0.64-1.98) 0.656 14/9 1.28 (0.55-2.99) 0.558 1.34 (0.56-3.23) 0.505 

≥5 14/17 0.93 (0.45-1.91) 0.847 1.06 (0.50-2.25) 0.870 4/2 1.66 (0.30-9.11) 0.558 1.64 (0.28-9.42) 0.577 

Missing 51/28 
    

15/5 
    

Trend test 
 

1.08 (0.91-1.28) 0.357 1.04 (0.87-1.25) 0.615 
 

1.20 (0.88-1.63) 0.242 1.20 (0.87-1.65) 0.263 

Risk per month increase in 

duration of OC use 

0.998 

(0.992-1.004) 
0.681 

0.998 

(0.992-1.004) 
0.661 

 
1.00 (0.99-1.02) 0.361 1.00 (0.99-1.02) 0.323 

Risk per year increase in 

duration of OC use 
0.98 (0.91-1.05) 0.681 0.98 (0.91-1.06) 0.661 

 
1.09 (0.90-1.31) 0.361 1.10 (0.90-1.35) 0.323 

P heterogeneity 0.959 

No. of Induced 

Abortions 

0 555/631 Reference Reference 
 

629/530 Reference Reference 

1 157/152 1.17 (0.91-1.50) 0.217 1.00 (0.76-1.32) 0.948 117/88 1.12 (0.83-1.51) 0.455 1.21 (0.88-1.67) 0.237 

≥2 109/58 2.12 (1.51-2.98) <0.001 2.04 (1.42-2.94) <0.001 66/45 1.23 (0.83-1.83) 0.299 1.27 (0.83-1.95) 0.267 

Missing NA 
    

NA 
    

Trend 
 

1.37 (1.18-1.59) <0.001 1.30 (1.11-1.53) 0.001 
 

1.11 (0.93-1.32) 0.224 1.15 (0.95-1.39) 0.146 

Risk per increase in abortion 1.32 (1.16-1.51) <0.001 1.28 (1.11-1.47) 0.001 
 

1.13 (0.97-1.31) 0.109 1.16 (0.98-1.37) 0.070 

P heterogeneity 0.104 

No. of 

Spontaneous 

Abortions 

0 715/680 Reference Reference 712/532 Reference Reference 

1 72/106 0.63 (0.46-0.87) 0.006 0.68 (0.48-0.96) 0.032 85/87 0.72 (0.52-1.00) 0.050 0.77 (0.54-1.08) 0.135 

≥2 34/55 0.57 (0.37-0.89) 0.015 0.61 (0.38-1.00) 0.053 15/44 0.25 (0.13-0.46) <0.001 0.27 (0.14-0.51) <0.001 

Missing NA 
    

NA 
    

Trend 
 

0.71 (0.59-0.86) 0.001 0.75 (0.61-0.92) 0.007 
 

0.59 (0.47-0.73) <0.001 0.62 (0.49-0.78) <0.001 

Risk per increase in miscarriage 0.79 (0.68-0.93) 0.005 0.82 (0.69-0.97) 0.024 
 

0.62 (0.51-0.75) <0.001 0.65 (0.52-0.80) <0.001 

P heterogeneity 0.085 

Abbreviations: CI, Confidence Interval; OR, Odds ratio; NA, Not Applicable; OC, Oral Contraceptive. 
a
 Adjusted for age and region of residence.        

b
 Adjusted on age, region of residence, education, rural-urban status, induced and spontaneous abortion,  age at first full-term pregnancy, height, waist-to-hip ratio. 

c
 Not adjusted for age at first full-term pregnancy. 

d
 Adjusted for total number of pregnancies instead of age at first full-term pregnancy. 

Missing values were excluded from analysis. 
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Table 2.9: Association of Anthropometric measurements, Body size and Risk of Breast 

Cancer 

Parameters Categories 
Total (Cases=1637, Controls=1515) 

Case/Control OR
a
 (95% CI) p-value OR

b
 (95%CI) p-value 

BMI (Kg/m
2
)-

world
c
 

<18.5 138/58 1.53 (1.14-2.05) 0.004 1.84 (1.34-2.52) <0.001 

18.5-24.9 748/690 Reference Reference 

25.0-29.9 540/513 0.95 (0.81-1.11) 0.548 0.90 (0.75-1.08) 0.278 

≥30 200/215 0.82 (0.66-1.03) 0.092 0.70 (0.55-0.89) 0.004 

Missing 11/12 
    

Trend test 
 

0.95 (0.89-1.01) 0.121 0.91 (0.85-0.98) 0.014 

Risk per unit increase in BMI 0.97 (0.95-0.98) 0.001 0.95 (0.94-0.97) <0.001 

BMI (Kg/m
2
)-

asia
c
 

<18.5 138/85 1.56 (1.15-2.11) 0.004 1.78 (1.29-2.48) <0.001 

18.5-22.9 458/432 Reference Reference 

23.0-24.9 290/258 1.04 (0.84-1.29) 0.658 0.92 (0.73-1.16) 0.512 

25.0-29.9 540/513 0.96 (0.81-1.16) 0.739 0.87 (0.72-1.07) 0.206 

≥30 200/215 0.84 (0.66-1.06) 0.154 0.68 (0.52-0.88) 0.004 

Missing 11/12 
    

Trend test 
 

0.95 (0.91-1.00) 0.102 0.91 (0.86-0.96) 0.002 

Risk per unit increase in BMI 0.97 (0.95-0.98) 0.001 0.95 (0.94-0.97) <0.001 

Height (in cm)
d
 

≤150 648/658 Reference Reference 

151-155 560/438 1.31 (1.11-1.55) 0.001 1.48 (1.23-1.77) <0.001 

156-160 284/312 0.93 (0.77-1.14) 0.527 1.04 (0.84-1.30) 0.684 

≥161 135/95 1.48 (1.11-1.98) 0.006 1.62(1.17-2.25) 0.003 

Missing 10/12 
    

Trend test 1.06 (0.98-1.14) 0.111 1.10 (1.01-1.20) 0.018 

Risk for every 1 cm increase in 

height 
1.00 (0.99-1.02) 0.092 

1.01 (1.004-

1.03) 
0.008 

Risk for every 5 cm increase in 

height 
1.05 (0.99-1.11) 0.092 1.09 (1.02-1.17) 0.008 

Waist 

circumference 

(in cm)
e
 

≤79 612/666 Reference Reference 

80-85 333/288 1.24 (1.02-1.51) 0.026 1.63 (1.31-2.04) <0.001 

≥86 678/549 1.29 (1.10-1.52) 0.002 2.34 (1.84-2.96) <0.001 

Missing 14/12 
    

Trend test 1.13 (1.05-1.23) 0.002 1.53 (1.35-1.72) <0.001 

Risk per 1 cm increase in waist 

circumference 

1.009  

(1.003-1.01) 
0.002 1.04 (1.03-1.05) <0.001 

Hip 

circumference     

(in cm)
e
 

≤90 565/393 Reference Reference 

91-99 516/529 0.65 (0.54-0.78) <0.001 0.65 (0.53-0.80) <0.001 

≥100 542/581 0.61 (0.51-0.73) <0.001 0.60 (0.45-0.79) <0.001 

Missing 14/12 
    

Trend test 0.78 (0.72-0.86) <0.001 0.77 (0.67-0.88) <0.001 

Risk per 1 cm increase in hip 

circumference 
0.98 (0.97-0.99) <0.001 0.97 (0.96-0.98) <0.001 
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Parameters Categories 

Total (Cases=1637, Controls=1515) 

Case/Co

ntrol 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Waist-to-hip ratio
e
  

≤0.84 541/825 Reference Reference 

0.85-0.94 787/550 2.18 (1.86-2.54) <0.001 2.38 (2.01-2.81) <0.001 

≥0.95 294/128 3.52 (2.77-4.46) <0.001 3.78 (2.92-4.89) <0.001 

Missing 15/12 
    

Trend test 1.96 (1.76-2.19) <0.001 2.06 (1.83-2.33) <0.001 

Risk per 0.1 unit increase 

in WHR 
1.65 (1.50-1.82) <0.001 1.70 (1.53-1.89) <0.001 

Weight (in Kg)  

≤60 1063/949 Reference Reference 

61-65 215/216 0.87 (0.71-1.07) 0.214 0.86 (0.68-1.10) 0.206 

>65 351/341 0.89 (0.75-1.06) 0.230 0.76 (0.62-0.93) 0.008 

Missing 8/9 
    

Trend test   0.94 (0.86-1.02) 0.168 0.87 (0.79-0.96) 0.006 

Risk for every 1 Kg 

increase in weight 
0.99 (0.98-0.99) 0.011 

0.981 

 (0.97-0.989) 
<0.001 

Risk for every 5 Kg 

increase in weight 
0.96 (0.93-0.99) 0.011 0.91 (0.87-0.94) <0.001 

Increase in body size 

from age 10 to 20 

using Pictogram
f
 

No increase
g
 302/320 Reference Reference 

Moderate 

increase
h
 

328/273 1.28 (1.02-1.61) 0.029 1.38 (1.08-1.76) 0.008 

Drastic 

increase
i
 

97/96 1.07 (0.77-1.48) 0.672 1.18 (0.83-1.67) 0.336 

Missing 39/38 
    

Trend test 
 

1.09 (0.94-1.27) 0.228 1.15 (0.98-1.36) 0.071 

Increase in body size 

from age 20 to 

current age using 

pictogram
f
 

No increase
g
 55/50 Reference Reference 

Moderate 

increase
h
 

227/208 0.99 (0.65-1.53) 0.998 1.23 (0.77-1.95) 0.372 

Drastic 

increase
i
 

423/415 0.89 (0.59-1.34) 0.586 1.25 (0.76-2.04) 0.362 

Missing 41/36 
    

Trend test 
 

0.92 (0.77-1.09) 0.354 1.08 (0.86-1.34) 0.486 

Body size at age 10  

(using pictogram) 

<3 732/695 Reference Reference 

3-4 473/431 1.04 (0.88-1.24) 0.568 1.06 (0.88-1.27) 0.523 

≥5 408/372 1.02 (0.86-1.22) 0.747 1.09 (0.90-1.32) 0.357 

Missing 24/17 
    

Trend test 
 

1.01 (0.93-1.10) 0.690 1.04 (0.95-1.14) 0.336 

Body size at age 20 

(using pictogram) 

<3 338/351 Reference Reference 

3-4 675/600 1.18 (0.98-1.42) 0.078 1.19 (0.97-1.45) 0.085 

≥5 589/531 1.14 (0.94-1.38) 0.159 1.19 (0.96-1.46) 0.096 

Missing 35/33 
    

Trend test 
 

1.06 (0.96-1.16) 0.223 1.08 (0.97-1.19) 0.129 



91 

 

Parameters Categories 

Total (Cases=1637, Controls=1515) 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Body size at current 

age (using pictogram) 

<3 144/117 Reference Reference 

3-4 470/433 0.89 (0.67-1.17) 0.413 0.74 (0.55-1.01) 0.060 

≥5 1002/951 0.83 (0.64-1.08) 0.188 0.64 (0.48-0.86) 0.003 

Missing 21/14 
    

Trend test 
 

0.92 (0.82-1.03) 0.171 0.82 (0.73-0.93) 0.003 

Abbreviations: BMI, Body Mass Index; CI, Confidence Interval; OR, Odds Ratio. 
a
Adjusted for age and region of residence. 

b
Adjusted on age, region of residence, education, rural-urban status, menopausal status,  induced and spontaneous 

abortion,  age at first full-term pregnancy, height, waist-to-hip ratio. 
c 
Not adjusted for height. 

d 
Adjusted for weight instead of height. 

e
 Adjusted for weight instead of waist-to-hip ratio. 

f
 Adjusted for Body Mass Index instead of waist-to-hip ratio. 

g 
No increase: Body size (pictogram) remained between 1 and 2. 

h 
Moderate increase: Body size (pictogram) increased from 1-2 to 3-4. 

I 
Drastic increase: Body size (pictogram) increased from 1-2 to 5-9. 

Missing values were excluded from analysis. 
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Table 2.10: Association of Anthropometric Measurements, Body Size and Breast Cancer Risk stratified by Rural-Urban Status 

Parameters Categories 

Lived less than 20 years in life in rural area (Urban) 

Cases=1195, Controls=972 

Lived first 20 years of life in rural area (Rural) 

Cases=442, Controls=543 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

BMI (Kg/m
2
)-

world
c
 

<18.5 91/43 1.64 (1.11-2.41) 0.012 1.78 (1.17-2.72) 0.007 47/42 1.52 (0.96-2.41) 0.070 1.86 (1.14-3.04) 0.012 

18.5-24.9 528/409 Reference Reference 220/281 Reference Reference 

25.0-29.9 411/354 0.88 (0.72-1.07) 0.214 0.87 (0.70-1.08) 0.233 129/159 1.01 (0.75-1.36) 0.911 1.00 (0.73-1.37) 0.969 

≥30 154/156 0.74 (0.57-0.95) 0.023 0.67 (0.50-0.90) 0.007 46/59 0.94 (0.61-1.45) 0.804 0.83 (0.52-1.32) 0.448 

Missing 11/10 
    

0/2 
    

Trend test 
 

0.91 (0.84-0.98) 0.020 0.90 (0.82-0.97) 0.013 
 

0.99 (0.88-1.11) 0.940 0.98 (0.86-1.10) 0.521 

Risk per unit increase in BMI 0.96 (0.94-0.97) <0.001 0.95 (0.93-0.97) <0.001 
 

0.98 (0.95-1.01) 0.290 0.97 (0.94-1.00) 0.085 

P heterogeneity 0.765 

BMI (Kg/m
2
)-

asia
c
 

<18.5 91/43 1.65 (1.11-2.47) 0.013 1.62 (1.03-2.52) 0.033 47/42 1.51 (0.94-2.42) 0.086 1.80 (1.09-2.99) 0.021 

18.5-22.9 311/244 Reference Reference 147/188 Reference Reference 

23.0-24.9 217/165 1.02 (0.78-1.33) 0.848 0.95 (0.70-1.29) 0.788 73/93 0.97 (0.66-1.41) 0.889 0.90 (0.60-1.33) 0.604 

25.0-29.9 411/354 0.89 (0.71-1.11) 0.322 0.84 (0.65-1.10) 0.215 129/159 1.00 (0.73-1.38) 0.962 0.96 (0.68-1.36) 0.861 

≥30 154/156 0.74 (0.56-0.99) 0.043 0.61 (0.43-0.86) 0.005 46/59 0.93 (0.60-1.46) 0.781 0.80 (0.49-1.30) 0.380 

Missing 11/10 
    

0/2 
    

Trend test 
 

0.92 (0.87-0.98) 0.016 0.90 (0.84-0.96) 0.004 
 

0.98 (0.89-1.07) 0.675 0.95 (0.87-1.05) 0.385 

Risk per unit increase in BMI 0.96 (0.94-0.97) <0.001 0.95 (0.93-0.97) <0.001 
 

0.98 (0.95-1.01) 0.290 0.97 (0.94-1.00) 0.085 

P heterogeneity 0.874 

Height  

(in cm)
d
 

≤150 457/401 Reference Reference 191/257 Reference Reference 

151-155 414/290 1.26 (1.03-1.55) 0.021 1.46 (1.16-1.82) 0.001 146/148 1.34 (0.99-1.80) 0.051 1.50 (1.09-2.06) 0.012 

156-160 204/204 0.88 (0.70-1.12) 0.329 0.99 (0.76-1.30) 0.974 80/108 1.02 (0.72-1.44) 0.909 1.09 (0.74-1.61) 0.641 

≥161 110/67 1.48 (1.06-2.07) 0.020 1.78 (1.21-2.62) 0.003 25/28 1.23 (0.69-2.19) 0.473 1.23 (0.66-2.31) 0.501 

Missing 10/10 
    

0/2 
    

Trend test 
 

1.05 (0.96-1.14) 0.281 1.11 (1.003-1.23) 0.043 
 

1.05 (0.91-1.20) 0.471 1.08 (0.92-1.26) 0.328 

Risk for every 1 cm increase 

in height 
1.00 (0.99-1.02) 0.188 1.02 (1.004-1.03) 0.014 

 
1.00 (0.98-1.02) 0.599 1.01 (0.98-1.03) 0.378 

Risk for every 5 cm increase 

in height 
1.04 (0.97-1.11) 0.188 1.10 (1.02-1.19) 0.014 

 
1.02 (0.92-1.14) 0.599 1.05 (0.93-1.19) 0.378 

P heterogeneity 0.700 
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Parameters Categories 

Lived less than 20 years in life in rural area (Urban) 

Cases=1195, Controls=972 

Lived first 20 years of life in rural area (Rural) 

Cases=442, Controls=543 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Waist 

circumference 

(in cm)
e
 

≤79 418/380 Reference Reference 194/286 Reference Reference 

80-85 237/189 1.14 (0.89-1.44) 0.278 1.53 (1.17-2.01) 0.002 96/99 1.37 (0.98-1.93) 0.063 1.81 (1.23-2.67) 0.003 

≥86 526/393 1.19 (0.97-1.44) 0.080 2.25 (1.70-2.98) <0.001 152/156 1.34 (0.99-1.80) 0.052 2.42 (1.55-3.80) <0.001 

Missing 14/10 
    

0/2 
    

Trend test 
 

1.09 (0.98-1.20) 0.082 1.50 (1.30-1.72) <0.001 
 

1.16 (1.006-1.35) 0.041 1.57 (1.25-1.96) <0.001 

Risk per 1 cm increase in 

waist circumference 
1.00 (0.99-1.01) 0.070 1.04 (1.02-1.05) <0.001 

 
1.01 (0.99-1.02) 0.078 1.04 (1/02-1.06) <0.001 

P heterogeneity 0.322 

Hip 

circumference     

(in cm)
e
 

≤90 396/223 Reference Reference 169/170 Reference Reference 

91-99 383/321 0.66 (0.53-0.82) <0.001 0.68 (0.52-0.88) 0.004 133/208 0.59 (0.43-0.81) 0.001 0.58 (0.41-0.84) 0.004 

≥100 403/418 0.52 (0.41-0.64) <0.001 0.54 (0.39-0.75) <0.001 139/163 0.77 (0.56-1.07) 0.123 0.75 (0.45-1.26) 0.285 

Missing 13/10 
    

1/2 
    

Trend test 
 

0.72 (0.65-0.80) <0.001 0.73 (0.62-0.86) <0.001 
 

0.87 (0.74-1.02) 0.110 0.83 (0.64-1.07) 0.163 

Risk per 1 cm increase in hip 

circumference 

0.979 

 (0.971-0.98) 
<0.001 0.97 (0.96-0.98) <0.001 

 
0.99 (0.97-1.00) 0.149 0.98 (0.96-1.00) 0.223 

P heterogeneity 0.014 

Waist-to-Hip 

ratio
e
 

≤0.84 363/508 Reference Reference 178/317 Reference Reference 

0.85-0.94 584/366 2.26 (1.87-2.73) <0.001 2.50 (2.03-3.07) <0.001 203/184 1.90 (1.44-2.50) <0.001 2.13 (1.58-2.87) <0.001 

≥0.95 234/88 3.83 (2.88-5.09) <0.001 4.07 (3.00-5.53) <0.001 60/40 2.52 (1.61-3.95) <0.001 3.00 (1.84-4.90) <0.001 

Missing 14/10 
    

1/2 
    

Trend test 
 

2.04 (1.78-2.33) <0.001 2.14 (1.85-2.47) <0.001 
 

1.69 (1.39-2.07) <0.001 1.87 (1.51-2.33) <0.001 

Risk per 0.1 unit increase in 

WHR 
1.73 (1.53-1.94) <0.001 1.76 (1.55-2.01) <0.001 

 
1.43 (1.22-1.69) <0.001 1.55 (1.29-1.86) <0.001 

P heterogeneity 0.773 



94 

 

Parameters Categories 

Lived less than 20 years in life in rural area (Urban) 

Cases=1195, Controls=972 

Lived first 20 years of life in rural area (Rural) 

Cases=442, Controls=543 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Weight (in Kg) 

≤60 755/560 Reference Reference 308/389 Reference Reference 

61-65 161/153 0.77 (0.60-0.98) 0.039 0.82 (0.62-1.08) 0.171 54/63 1.08 (0.73-1.61) 0.685 1.08 (0.70-1.66) 0.703 

>65 271/251 0.79 (0.64-0.96) 0.024 0.70 (0.56-0.89) 0.004 80/90 1.07 (0.76-1.50) 0.694 0.97 (0.66-1.42) 0.895 

Missing 8/8 
    

0/1 
    

Trend test 
 

0.87 (0.79-0.97) 0.013 0.84 (0.74-0.94) 0.003 
 

1.03 (0.88-1.22) 0.640 0.99 (0.82-1.20) 0.972 

Risk for every 1 Kg increase in 

weight 

0.98  

(0.97-0.99) 
0.001 

0.980  

(0.96-0.989) 
<0.001 

 

0.99  

(0.98-1.00) 
0.441 

0.98 

 (0.97-1.00) 
0.086 

Risk for every 5 Kg increase in 

weight 
0.93 (0.90-0.97) 0.001 0.90 (0.86-0.94) <0.001 

 
0.97 (0.92-1.03) 0.441 0.94 (0.87-1.00) 0.086 

P heterogeneity 0.354 

Increase in 

body size from 

age 10 to 20 

using 

Pictogram
f
 

No increase
g
 224/213 Reference Reference 78/107 Reference Reference 

Moderate increase
h
 241/181 1.28 (0.97-1.68) 0.070 1.39 (1.04-1.86) 0.025 87/92 1.29 (0.85-1.95) 0.225 1.37 (0.89-2.12) 0.149 

Drastic increase
i
 70/56 1.18 (0.79-1.76) 0.401 1.22 (0.80-1.87) 0.346 27/40 0.94 (0.53-1.68) 0.858 1.17 (0.64-2.16) 0.599 

Missing 31/24 
    

8/14 
    

Trend test 
 

1.14 (0.95-1.37) 0.156 1.18 (0.97-1.43) 0.097 
 

1.03 (0.79-1.35) 0.778 1.14 (0.86-1.52) 0.342 

P heterogeneity 0.952 

Increase in 

body size from 

age 20 to 

current age 

using 

pictogram
f
 

No increase
g
 37/30 Reference Reference 18/20 Reference Reference 

Moderate increase
h
 162/128 1.04 (0.61-1.78) 0.872 1.36 (0.75-2.44) 0.664 65/80 0.89 (0.43-1.84) 0.772 1.09 (0.51-2.33) 0.811 

Drastic increase
i
 321/285 0.89 (0.53-1.49) 0.682 1.39 (0.75-2.57) 0.208 102/130 0.81 (0.40-1.62) 0.557 1.10 (0.48-2.50) 0.808 

Missing 32/23 
    

9/13 
    

Trend test 
 

0.90 (0.73-1.11) 0.366 1.11 (0.85-1.45) 0.084 
 

0.90 (0.66-1.21) 0.500 1.03 (0.71-1.51) 0.846 

P heterogeneity 0.830 

Body size at 

age 10  (using 

pictogram) 

<3 538/454 Reference Reference 194/241 Reference Reference 

3-4 353/279 1.07 (0.87-1.31) 0.476 1.09 (0.87-1.36) 0.441 120/152 0.98 (0.72-1.33) 0.921 1.00 (0.72-1.38) 0.992 

≥5 284/227 1.04 (0.84-1.29) 0.705 1.09 (0.86-1.38) 0.473 124/145 1.06 (0.78-1.45) 0.670 1.06 (0.77-1.46) 0.700 

Missing 20/12 
    

4/5 
    

Trend test 
 

1.02 (0.92-1.14) 0.626 1.04 (0.93-1.17) 0.419 
 

1.03 (0.88-1.19) 0.699 1.03 (0.87-1.20) 0.716 

P heterogeneity 0.946 
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Parameters Categories 

Lived less than 20 years in life in rural area (Urban) 

Cases=1195, Controls=972 

Lived first 20 years of life in rural area (Rural) 

Cases=442, Controls=543 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Case/ 

Control 
OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Body size at age 20  

(using pictogram) 

<3 251/228 Reference Reference 87/123 Reference Reference 

3-4 501/386 1.19 (0.95-1.49) 0.120 1.23 (0.96-1.57) 0.095 174/214 1.14 (0.81-1.61) 0.436 1.14 (0.80-1.64) 0.455 

≥5 416/338 1.11 (0.88-1.40) 0.362 1.11 (0.86-1.43) 0.408 173/193 1.27 (0.90-1.80) 0.167 1.38 (0.96-1.99) 0.075 

Missing 27/20 
    

8/13 
    

Trend test 
 

1.04 (0.93-1.16) 0.470 1.04 (0.91-1.17) 0.536 
 

1.12 (0.95-1.33) 0.165 1.18 (0.98-1.41) 0.066 

P heterogeneity 0.325 

Body size at current age 

(using pictogram) 

<3 97/61 Reference Reference 47/56 Reference Reference 

3-4 333/265 0.80 (0.56-1.15) 0.236 0.66 (0.44-0.98) 0.042 137/168 0.96 (0.61-1.50) 0.862 0.87 (0.54-1.41) 0.596 

≥5 749/638 0.73 (0.52-1.03) 0.076 0.57 (0.39-0.83) 0.004 253/313 0.91 (0.59-1.40) 0.690 0.80 (0.50-1.27) 0.353 

Missing 16/8 
    

5/6 
    

Trend test 
 

0.88 (0.76-1.01) 0.073 0.79 (0.68-0.93) 0.014 
 

0.95 (0.79-1.15) 0.645 0.90 (0.73-1.10) 0.329 

P heterogeneity 0.512 

Abbreviations: BMI, Body Mass Index; CI, Confidence Interval; OR, Odds Ratio. 
a
 Adjusted for age and region of residence. 

b
 Adjusted on age, region of residence, education, rural-urban status, menopausal status,  induced and spontaneous abortion,  age at first full-term pregnancy, height, waist-to-hip ratio. 

c 
Not adjusted for height. 

d 
Adjusted for weight instead of height. 

e
 Adjusted for weight instead of waist-to-hip ratio. 

f
 Adjusted for Body Mass Index instead of waist-to-hip ratio. 

g 
No increase: Body size (pictogram) remained between 1 and 2. 

h 
Moderate increase: Body size (pictogram) increased from 1-2 to 3-4. 

I 
Drastic increase: Body size (pictogram) increased from 1-2 to 5-9 

Missing values were excluded from analysis. 
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Table 2.11: Association of BMI (kg/m
2
) and Breast Cancer Risk in Premenopausal women 

Parameters Categories Case/ 

Control 

OR (95% CI)
a
 p-value OR (95% CI)

b
 p-value OR (95%CI)

c
 p-value 

BMI 

(world) 

category 

<18.5 81/58 1.40 (0.97-2.02) 0.067 1.48 (1.009-2.17) 0.045 1.82 (1.22-2.70) 0.003 

18.5-24.9 399/400 Reference Reference Reference 

25.0-29.9 261/270 0.93 (0.75-1.17) 0.582 0.92 (0.73-1.17) 0.537 0.85 (0.67-1.09) 0.222 

≥30 75/108 0.66 (0.47-0.91) 0.014 0.59 (0.41-0.85) 0.005 0.52 (0.36-0.76) 0.001 

Missing 5/5 
  

  
  

Trend test 0.91 (0.84-1.00) 0.055 0.90 (0.82-0.99) 0.033 0.87 (0.78-0.95) 0.005 

Risk per unit increase 

in BMI 
0.95 (0.93-0.98) <0.001 0.95 (0.92-0.97) <0.001 0.93 (0.91-0.95) <0.001 

BMI (asia) 

category 

<18.5 81/58 1.40 (0.96-2.06) 0.078 1.47 (0.98-2.19) 0.060 1.75 (1.16-2.65) 0.007 

18.5-22.9 251/255 Reference Reference Reference 

23.0-24.9 148/145 1.00 (0.75-1.33) 0.984 0.97 (0.72-1.33) 0.894 0.90 (0.65-1.23) 0.521 

25.0-29.9 261/270 0.94 (0.73-1.20) 0.627 0.91 (0.70-1.20) 0.541 0.82 (0.62-1.08) 0.168 

≥30 75/108 0.66 (0.46-0.93) 0.020 0.59 (0.40-0.86) 0.007 0.50 (0.34-0.74) 0.001 

Missing 5/5 
  

  
  

Trend test 0.93 (0.87-1.00) 0.073 0.91 (0.85-0.98) 0.023 0.87 (0.81-0.94) 0.001 

Risk per unit increase 

in BMI 
0.95 (0.93-0.98) <0.001 0.95 (0.92-0.97) <0.001 0.93 (0.91-0.95) <0.001 

Abbreviations:  BMI, Body Mass Index; CI, Confidence Interval; OR, Odds Ratio. 
a
 Adjusted for age and region of residence. 

b 
Adjusted on age, region of residence, education, menopausal status, induced and spontaneous abortion,  age at first full-term 

pregnancy, height. 
c
 Adjusted on age, region of residence, education, menopausal status, induced and spontaneous abortion,  age at first full-term 

pregnancy, height, waist-to-hip ratio. 

Missing values were excluded from analysis. 
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Table 2.12: Association of BMI (kg/m
2
) and Breast Cancer Risk in Postmenopausal women 

Parameters Categories Case/Control OR (95% CI)
a
 p-value OR (95%CI)

b
 p-value OR (95%CI)

c
 p-value 

B
M

I 
(w

o
rl

d
) 

ca
te

g
o

ry
 

Attained 

menopause  

<10yrs ago 

<18.5 37/14 1.90 (0.99-3.66) 0.052 1.71 (0.87-3.36) 0.116 2.07 (1.04-4.14) 0.038 

18.5-24.9 221/157 Reference Reference Reference 
25.0-29.9 168/141 0.84 (0.62-1.14) 0.275 0.94 (0.67-1.30) 0.711 0.87 (0.62-1.22) 0.432 

≥30 72/77 0.65 (0.44-0.96) 0.032 0.70 (0.46-1.05) 0.085 0.60 (0.39-0.91) 0.018 

Missing 3/3 
      

Trend test 0.88 (0.78-0.98) 0.029 0.91 (0.80-1.03) 0.144 0.87 (0.77-0.99) 0.037 

Risk per unit increase in BMI 0.95 (0.93-0.98) 0.005 0.96 (0.93-0.99) 0.041 0.95 (0.92-0.98) 0.008 

Attained 

menopause  

≥10yrs ago 

<18.5 18/12 1.60 (0.74-3.49) 0.229 1.44 (0.60-3.41) 0.407 1.76 (0.72-4.26) 0.21 

18.5-24.9 117/129 Reference Reference Reference 
25.0-29.9 103/99 1.16 (0.80-1.69) 0.423 1.33 (0.89-1.97) 0.156 1.19 (0.79-1.80) 0.382 

≥30 48/29 1.90 (1.12-3.23) 0.017 2.04 (1.17-3.57) 0.012 1.85 (1.05-3.28) 0.033 

Missing 2/3 
      

Trend test 1.16 (1.004-1.34) 0.044 1.21 (1.04-1.42) 0.014 1.16 (0.99-1.37) 0.057 

Risk per unit increase in BMI 1.02 (0.98-1.06) 0.205 1.04 (0.99-1.08) 0.061 1.02 (0.97-1.06) 0.321 

P heterogeneity 0.042 

Total 

menopausal 

women 

<18.5 56/26 1.77 (1.08-2.90) 0.022 1.60 (0.95-2.71) 0.076 1.93 (1.12-3.30) 0.016 

18.5-24.9 347/286 Reference Reference Reference 
25.0-29.9 278/238 0.96 (0.76-1.21) 0.738 1.07 (0.83-1.37) 0.564 0.98 (0.76-1.26) 0.889 

≥30 125/106 0.97 (0.71-1.31) 0.855 1.01 (0.74-1.39) 0.913 0.89 (0.64-1.23) 0.489 

Missing 6/7 
      

Trend test 0.98 (0.89-1.07) 0.673 1.01 (0.92-1.11) 0.748 0.97 (0.88-1.07) 0.566 

Risk per unit increase in BMI 0.98 (0.96-1.00) 0.161 0.99 (0.97-1.01) 0.635 0.98 (0.95-1.00) 0.122 

P heterogeneity 0.450 
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B
M

I 
(a

si
a

) 
ca

te
g

o
ry

 

Parameters Categories Case/Control OR (95% CI)
a
 p-value OR (95%CI)

b
 p-value OR (95%CI)

c
 p-value 

Attained 

menopause  

<10yrs ago 

<18.5 37/14 2.04 (1.04-4.03) 0.038 1.84 (0.91-3.71) 0.085 2.09 (1.02-4.28) 0.042 

18.5-22.9 118/90 Reference Reference Reference 
23.0-24.9 103/67 1.17 (0.77-1.77) 0.448 1.18 (0.76-1.82) 0.445 1.02 (0.65-1.59) 0.918 

25.0-29.9 168/141 0.90 (0.63-1.29) 0.588 1.01 (0.69-1.48) 0.939 0.88 (0.59-1.30) 0.537 

≥30 72/77 0.70 (0.46-1.08) 0.109 0.75 (0.48-1.18) 0.225 0.61 (0.38-0.97) 0.038 

Missing 3/3 

      Trend test  0.91 (0.82-1.00) 0.056 0.94 (0.84-1.04) 0.24 0.89 (0.80-0.99) 0.035 

Risk per unit increase in BMI 0.95 (0.93-0.98) 0.005 0.96 (0.93-0.99) 0.041 0.95 (0.92-0.98) 0.008 

Attained 

menopause  

≥10yrs ago 

<18.5 18/12 1.44 (0.65-3.19) 0.364 1.31 (0.54-3.17) 0.538 1.55 (0.63-3.82) 0.337 

18.5-22.9 84/83 Reference Reference Reference 
23.0-24.9 33/46 0.71 (0.41-1.22) 0.217 0.73 (0.41-1.30) 0.3 0.65 (0.36-1.17) 0.152 

25.0-29.9 103/99 1.04 (0.69-1.57) 0.836 1.20 (0.77-1.86) 0.405 1.03 (0.65-1.63) 0.882 

≥30 48/29 1.70 (0.98-2.98) 0.059 1.84 (1.01-3.32) 0.043 1.58 (0.86-2.91) 0.136 

Missing 2/3 

      Trend test 1.06 (0.95-1.19) 0.256 1.11 (0.98-1.25) 0.096 1.06 (0.93-1.20) 0.36 

Risk per unit increase in BMI  1.02 (0.98-1.06) 0.205 1.04 (0.99-1.08) 0.061 1.02 (0.97-1.06) 0.321 

P heterogeneity 0.050 

Total menopausal 

women 

<18.5 56/26 1.82 (1.10-3.04) 0.02 1.66 (0.96-2.85) 0.066 1.89 (1.09-3.29) 0.023 

18.5-22.9 205/174 Reference Reference Reference 
23.0-24.9 142/112 1.07 (0.77-1.47) 0.672 1.08 (0.78-1.52) 0.614 0.94 (0.67-1.33) 0.767 

25.0-29.9 278/238 0.98 (0.75-1.28) 0.929 1.11 (0.83-1.48) 0.454 0.96 (0.71-1.28) 0.788 

≥30 125/106 0.99 (0.71-1.38) 0.998 1.05 (0.74-1.49) 0.762 0.87 (0.60-1.24) 0.452 

Missing 6/7 

      Trend test 0.98 (0.91-1.05) 0.592 1.01 (0.93-1.09) 0.773 0.96 (0.88-1.04) 0.333 

Risk per unit increase in BMI 0.98 (0.96-1.00) 0.161 0.99 (0.97-1.01) 0.635 0.98 (0.95-1.00) 0.122 

P heterogeneity 0.617 

Abbreviations:  BMI, Body Mass Index; CI, Confidence Interval; OR, Odds Ratio. 
a
 Adjusted for age and region of residence. 

b 
Adjusted on age, region of residence, education, menopausal status, induced and spontaneous abortion,  age at first full-term pregnancy, height. 

c
 Adjusted on age, region of residence, education, menopausal status, induced and spontaneous abortion,  age at first full-term pregnancy, height, waist-to-hip ratio. 

Missing values were excluded from analysis. 
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Table 2.13: Association of Anthropometric Measurements, Body Size and Breast Cancer Risk stratified by Menopausal Status 

Parameters Categories 
Premenopausal (Cases=818; Controls=841) Postmenopausal (Cases=815, Controls=663) 

Case/Control OR
a
 (95% CI) p-value OR

b
 (95%CI) p-value Case/Control OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Height 

 (in cm)
d
 

≤150 267/359 Reference Reference 281/293 Reference Reference 

151-155 293/255 1.53 (1.22-1.94) <0.001 1.77 (1.37-2.29) <0.001 266/179 1.14 (0.89-1.45) 0.287 1.27 (0.97-1.65) 0.074 

156-160 164/175 1.24 (0.95-1.62) 0.102 1.43 (1.06-1.93) 0.019 117/137 0.65 (0.48-0.87) 0.004 0.71 (0.52-0.99) 0.047 

≥161 93/47 2.68 (1.82-3.95) <0.001 3.03 (1.94-4.74) <0.001 42/47 0.68 (0.43-1.06) 0.093 0.72 (0.44-1.19) 0.208 

Missing 4/5 
    

6/7 
    

Trend test 
 

1.25 (1.13-1.39) <0.001 1.32 (1.17-1.49) <0.001 
 

0.85 (0.76-0.96) 0.008 0.89 (0.78-1.01) 0.082 

Risk for every 1 cm increase in 

height 
1.03 (1.01-1.05) <0.001 1.04 (1.02-1.06) <0.001 

 
0.98 (0.96-0.99) 0.041 0.99 (0.97-1.01) 0.361 

Risk for every 5 cm increase in 

height 
1.18 (1.09-1.28) <0.001 1.24 (1.12-1.37) <0.001 

 
0.91 (0.84-0.99) 0.041 0.95 (0.86-1.05) 0.361 

P heterogeneity 0.0002 

Waist 

circumference 

(in cm)
e
 

≤79 347/419 Reference Reference 264/241 Reference Reference 

80-85 198/157 1.49 (1.16-1.93) 0.002 1.91 (1.41-2.68) <0.001 133/131 0.92 (0.68-1.24) 0.611 1.31 (0.94-1.83) 0.106 

≥86 267/260 1.21 (0.96-1.52) 0.104 1.96 (1.40-2.74) <0.001 410/284 1.31 (1.04-1.66) 0.020 2.67 (1.90-3.76) <0.001 

Missing 9/5 
    

5/7 
    

Trend test 
 

1.11 (0.99-1.24) 0.067 1.41 (1.19-1.67) <0.001 
 

1.15 (1.02-1.29) 0.015 1.64 (1.38-1.94) <0.001 

Risk per 1 cm increase in waist 

circumference 

1.010 (1.001-

1.019) 
0.016 1.04 (1.02-1.05) <0.001 

 
1.00 (0.99-1.01) 0.109 1.04 (1.02-1.05) <0.001 

P heterogeneity 0.018 

Hip 

circumference     

(in cm)
e
 

≤90 320/257 Reference Reference 243/134 Reference Reference 

91-99 257/287 0.69 (0.55-0.88) 0.003 0.65 (0.49-0.86) 0.003 257/235 0.60 (0.45-0.79) <0.001 0.62 (0.45-0.85) 0.003 

≥100 235/292 0.60 (0.47-0.77) <0.001 0.58 (0.40-0.85) 0.006 307/287 0.58 (0.45-0.76) <0.001 0.57 (0.38-0.86) 0.008 

Missing 9/5 
    

5/7 
    

Trend test 
 

0.77 (0.68-0.87) <0.001 0.75 (0.62-0.91) 0.004 
 

0.78 (0.68-0.89) <0.001 0.75 (0.61-0.92) 0.007 

Risk per 1 cm increase in hip 

circumference 
0.98 (0.97-0.99) <0.001 0.97 (0.96-0.99) 0.004 

 
0.98 (0.97-0.99) <0.001 0.97 (0.95-0.98) 0.002 

P heterogeneity 0.938 
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Parameters Categories 
Premenopausal (Cases=818; Controls=841) Postmenopausal (Cases=815, Controls=663) 

Case/Control OR
a
 (95% CI) p-value OR

b
 (95%CI) p-value Case/Control OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Waist-to-Hip 

ratio
e
 

≤0.84 310/509 Reference Reference 231/310 Reference Reference 

0.85-0.94 372/275 2.26 (1.82-2.80) <0.001 2.39 (1.89-3.03) <0.001 412/273 2.03 (1.61-2.55) <0.001 2.31 (1.81-2.96) <0.001 

≥0.95 130/52 4.28 (2.99-6.13) <0.001 4.11 (2.78-6.08) <0.001 163/73 3.02 (2.18-4.18) <0.001 3.43 (2.42-4.85) <0.001 

Missing 9/5 
    

6/7 
    

Trend test 
 

2.14 (1.83-2.50) <0.001 2.15 (1.81-2.56) <0.001 
 

1.80 (1.54-2.11) <0.001 1.95 (1.65-2.30) <0.001 

Risk per 0.1 unit increase in 

WHR 
1.70 (1.49-1.94) <0.001 1.69 (1.47-1.96) <0.001 

 
1.61 (1.39-1.85) <0.001 1.71 (1.47-2.00) <0.001 

P heterogeneity 0.830 

Weight (in 

Kg) 

≤60 553/547 Reference Reference 507/393 Reference Reference 

61-65 115/108 1.02 (0.76-1.36) 0.882 0.91 (0.66-1.26) 0.576 99/106 0.72 (0.53-0.97) 0.036 0.84 (0.60-1.18) 0.327 

>65 149/181 0.78 (0.61-1.00) 0.059 0.56 (0.41-0.75) <0.001 202/160 0.97 (0.76-1.24) 0.856 1.02 (0.77-1.35) 0.849 

Missing 4/5 
    

4/4 
    

Trend test 
 

0.89 (0.79-1.01) 0.085 0.76 (0.66-0.88) <0.001 
 

0.96 (0.85-1.09) 0.586 1.00 (0.87-1.15) 0.971 

P heterogeneity 
 

Risk for every 1 Kg increase in 

weight 
0.99 (0.98-1.00) 0.089 0.97 (0.96-0.98) <0.001 

 

0.989 (0.980-

0.99) 
0.026 0.99 (0.97-1.00) 0.084 

Risk for every 5 Kg increase in 

weight 
0.96 (0.92-1.00) 0.089 0.87 (0.82-0.92) <0.001 

 
0.94 (0.90-0.99) 0.026 0.95 (0.90-1.00) 0.084 

P heterogeneity 0.090 

Increase in 

body size 

from age 10 

to 20 using 

Pictogram
f
 

No increase
g
 143/172 Reference Reference 159/146 Reference Reference 

Moderate 

increase
h
 

177/155 1.40 (1.02-1.91) 0.034 1.54 (1.10-2.17) 0.012 151/116 1.18 (0.85-1.64) 0.317 1.29 (0.91-1.84) 0.145 

Drastic 

increase
i
 

48/59 0.97 (0.62-1.52) 0.922 1.01 (0.62-1.65) 0.938 49/37 1.20 (0.74-1.94) 0.457 1.54 (0.91-2.60) 0.103 

Missing 19/20 
    

19/18 
    

Trend test 
 

1.07 (0.87-1.32) 0.468 1.12 (0.89-1.40) 0.307 
 

1.12 (0.89-1.39) 0.316 1.25 (0.99-1.59) 0.058 

P heterogeneity 0.180 
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Parameters Categories 
Premenopausal (Cases=818; Controls=841) Postmenopausal (Cases=815, Controls=663) 

Case/Control OR
a
 (95% CI) p-value OR

b
 (95%CI) p-value Case/Control OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Increase in 

body size 

from age 20 

to current age 

using 

pictogram
f
 

No increase
g
 29/28 Reference Reference 26/22 Reference Reference 

Moderate increase
h
 131/137 0.91 (0.51-1.63) 0.772 1.07 (0.58-2.00) 0.808 96/69 1.16 (0.60-2.22) 0.643 1.60 (0.79-3.25) 0.188 

Drastic increase
i
 199/211 0.87 (0.49-1.52) 0.628 1.25 (0.64-2.47) 0.503 224/202 0.90 (0.49-1.64) 0.736 1.33 (0.64-2.76) 0.430 

Missing 18/18 

    

22/18 
    

Trend test 

 

0.93 (0.74-1.18) 0.596 1.13 (0.84-1.54) 0.402 
 

0.87 (0.68-1.12) 0.308 1.02 (0.74-1.40) 0.894 

P heterogeneity 0.515 

 

Body size at 

age 10  (using 

pictogram) 

<3 372/389 Reference Reference 360/302 Reference Reference 

3-4 247/253 1.03 (0.82-1.30) 0.739 1.09 (0.85-1.41) 0.459 225/176 1.07 (0.83-1.37) 0.581 1.01 (0.77-1.32) 0.914 

≥5 192/191 1.04 (0.81-1.33) 0.754 1.26 (0.96-1.64) 0.092 214/176 1.02 (0.79-1.31) 0.877 0.96 (0.73-1.26) 0.782 

Missing 10/8 

    

13/9 
    

Trend test 

 

1.02 (0.90-1.15) 0.724 1.12 (0.98-1.27) 0.093 
 

1.01 (0.89-1.14) 0.820 0.98 (0.85-1.12) 0.810 

P heterogeneity 0.594 

Body size  at 

age 20 (using 

pictogram) 

<3 fig 166/194 Reference Reference 172/155 Reference Reference 

3-4 fig 353/347 1.21 (0.94-1.57) 0.130 1.31 (0.98-1.73) 0.059 321/250 1.15 (0.88-1.52) 0.293 1.09 (0.81-1.47) 0.542 

≥5 fig 285/284 1.17 (0.90-1.53) 0.235 1.32 (0.99-1.77) 0.056 302/241 1.12 (0.85-1.48) 0.386 1.07 (0.79-1.44) 0.629 

Missing 16/16 

    

18/17 
    

Trend test 

 

1.07 (0.93-1.22) 0.305 1.13 (0.98-1.31) 0.077 
 

1.05 (0.91-1.20) 0.451 1.08 (0.94-1.25) 0.261 

P heterogeneity 0.834 
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Parameters Categories 

Premenopausal (Cases=818; Controls=841) Postmenopausal (Cases=815, Controls=663) 

Case/Control OR
a
 (95% CI) p-value OR

b
 (95%CI) p-value Case/Control OR

a
 (95% CI) p-value OR

b
 (95%CI) p-value 

Body size at 

current age 

(using 

pictogram) 

<3 72/69 Reference Reference 71/48 Reference Reference 

3-4 258/269 0.92 (0.63-1.34) 0.674 0.70 (0.47-1.06) 0.082 211/162 0.87 (0.57-1.33) 0.546 0.82 (0.52-1.30) 0.409 

≥5 481/500 0.88 (0.62-1.27) 0.520 0.62 (0.41-0.92) 0.011 520/442 0.79 (0.53-1.16) 0.236 0.68 (0.44-1.06) 0.091 

Missing 10/3 

    

10/11 
    

Trend test 

 

0.95 (0.81-1.10) 0.516 0.82 (0.69-0.97) 0.025 
 

0.89 (0.75-1.05) 0.175 0.83 (0.69-1.0002) 0.050 

P heterogeneity 0.819 

Abbreviations:  CI, Confidence Interval; N, Number; OR, Odds ratio. 
a
 Adjusted for age and region of residence. 

b
 Adjusted on age, region of residence, education, menopausal status, induced and spontaneous abortion,  age at first full-term pregnancy, height, waist-to-hip ratio. 

c 
Not adjusted for height. 

d 
Adjusted for weight instead of height. 

e
 Adjusted for weight instead of waist-to-hip ratio. 

f
 Adjusted for Body Mass Index instead of waist-to-hip ratio. 

g 
No increase: Body size (pictogram) remained between 1 and 2. 

h 
Moderate increase: Body size (pictogram) increased from 1-2 to 3-4. 

i 
Drastic increase: Body size (pictogram) increased from 1-2 to 5-9. 

Missing values were excluded from analysis. 
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2.8 Discussion 

In the present study, a detailed analysis was conducted to understand the cause and estimate 

the risk of developing BC in women stratified by residence in rural-urban region and 

menopausal status. This is the only study to assess the risk of BC using different definitions 

for rural-urban status.  

The strength of the study is that large number of study participants (1637 cases and 1515 

controls) were enrolled in relatively short period of time with interviews conducted in a close 

room by trained investigators under constant supervision of senior staff. All the cases were 

histologically confirmed. The controls have been enrolled from a pool of visitors coming to 

TMH along with various cancer site patients. As the BC cases were enrolled from TMH, the 

selection of visitors as control, visiting TMH along with all cancer site patients in different 

units representing both first degree relative and other relatives, friends & neighbours in the 

ratio of 1:1, group matched on age and area of residence ensured that the selection bias is 

minimal.  Anthropometric measurements have been taken by trained social investigators 

rather than relying on self-reported weights and heights by the cases and controls. 

Anthropometric studies usually rely on self-reported measures and the evidence suggests that 

obese women tend to underestimate their weight gain as compared to lean adolescents [275].  

There was good correlation between main questionnaire and abbreviated questionnaire which 

was administered on approximately 8% of study participants (correlation coefficient range 

69%-96%) indicating reliability of measured exposures. Only incident cases diagnosed not 

more than 6 months before the date of enrolment were enrolled to ensure that information on 

exposure given by the cases is not influenced because of long duration of illness and 

exposures related to survival. The constant monitoring of data at three levels helped to keep 

the missing information at minimum. The continuous training and preparation of manual 

ensured that information is collected similarly between cases and controls by different 
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interviewers. Further, as interviews were conducted in the closed room it was possible to 

collect information on reproductive variables with greater accuracy.  

The case-control study design has however; inherited weakness as study participants are 

interviewed after the outcome has occurred and controls are not randomly selected from 

known population, leading to a possibility of recall and selection bias. In the present study, 

enrolment of controls from same study base, enrolling only incident cases, conducting 

interviews in closed room by trained investigators, constant monitoring, 8% resampling to 

measure reproducibility, as discussed, have helped to keep these biases at minimum.   

2.8.1 Rural and Urban Status 

Most of the etiological studies have used current area of residence as a definition for rural 

[150,276] and limited studies which have taken early years of life spent [277] or place of the 

birth [278,279] in rural areas as a definition for “rural.” In the present study four definitions 

for rural and urban status were assigned to each study participant to estimate its association 

with BC risk. A current residence in a rural area compared to current residence in an urban 

area does not give protection against BC. A “dose-response” relationship between numbers of 

years lived in rural areas and increase in protection from BC development has been observed 

indicating that women living for many years in rural areas adhere to lifestyles, which are 

protective against BC.  

The residence in first 20 years of life in rural areas was observed to be a protective factor 

against BC, As exposures in early life may be more important in the development of BC 

compared to current exposures [280]. For instance, strenuous physical activity at a younger 

age can delay both menarche and onset of regular menstrual cycle [281]. Further, the 

individuals migrating from rural area to urban area in adulthood might not change their 

lifestyle and continue to adhere to rural life and therefore they may continue to get protection 

from BC even if they are currently residing in urban areas which have been clearly 
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demonstrated in the present study. Therefore, while estimating the risk associated with 

anthropometric measurements and reproductive history, women who lived first 20 years of 

life in rural area were designated as ‘rural’ else categorized into urban. 

2.8.2 Hormone Receptor Status 

ER-/PR- BCs were more common in rural areas as compared to urban areas. Concurrently 

ER+/PR+ tumours were more prevalent in urban areas. These results are consistent with 

previous reports which have observed 2-4 times higher ER+ and PR+ malignancies in urban 

areas [276]. Another study conducted in a semi urban town in India observed more of 

Hormone Receptor negative (HR-) tumours [282], which clearly suggests that the proportion 

of HR- tumours increase from urban to rural areas. The reasons for higher incidence of HR+ 

tumours in urban areas are multi-factorial. It is quite possible that women in urban areas have 

better nutrition and development which leads to early menarche. They might be more 

educated resulting in higher age of marriage, lesser number of children and reduced 

breastfeeding [283]. All of these reproductive factors result in higher lifetime exposure of 

women to endogenous estrogens and thus can increase HR+ cancer in urban women. 

2.8.3 Reproductive Factors  

The results of the reproductive variables by doing stratification on rural-urban and pre and 

postmenopausal women showed that there were no stratum specific differences for women 

living in rural areas except that observed for twin pregnancies. However the risk of number of 

full-term pregnancies, age at first full-term pregnancy, interval between menarche & first full-

term pregnancy and age at last pregnancy were significantly different among pre and 

postmenopausal women.  

The results of the present study regarding age at first full-term pregnancy and the interval 

between age at menarche and first full-term pregnancy were consistent with previous results 

[65,71,74,81]. The significant effect between interval of age at menarche and first full-term 
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pregnancy, possibly further confirms association of age at first full-term pregnancy with 

increase in BC risk. However, the findings in present study with respect to age at menarche 

are not consistent with previous literature [64]. Epidemiologic studies of both premenopausal 

and postmenopausal women have consistently found that BC risk is reduced 5–20% for each 

year that menarche is delayed [82], but in the present study an older age at menarche was not 

associated with a reduced risk of BC. The reason for this inconsistency could be due to 

difficulties in obtaining exact age at menarche, as the information recorded is many years later 

than the occurrence of actual exposure, leading to a non-differential misclassification which 

could have diluted the estimates of OR [284,285].  No protection was observed in women 

who were ever pregnant as compared to women who were never pregnant which is in contrast 

to other studies [286]. This could be attributed to the fact that an “ever pregnant” woman 

comprises of abortion and miscarriage in addition to full-term pregnancies. The study 

population has lower prevalence of women with no history of pregnancy which could have 

been responsible in neutralizing the association. However when comparison was made among 

parous women the findings of present study were consistent with previous literature, showing 

protection with increase in number of pregnancies [70]. The results were when adjusted for 

age at first full-term pregnancy, the protection was no longer observed losing statistical 

significance at 5% level except in rural women, indicating that age at first full-term pregnancy 

is more important than number of full-term pregnancies. The protection observed in rural 

women could be attributed to the fact that higher number of pregnancies are more prevalent in 

rural areas as compared to urban areas with rural women having on an average 0.9 children 

more compared to urban women [59].  The risk of BC significantly increased with every 2 

year delay in pregnancy after age 25 in women from both urban and rural areas. On stratifying 

into menopausal status, statistically significant association was observed only in 

premenopausal women, while the postmenopausal women showed increase but statistically 
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non significant risk. This is possibly because of homogeneity of population in relation to age 

at first pregnancy in older cohort where the median age at first child birth is lower as 

compared to the women from newer cohort [59]. The possible mechanism responsible for 

increase in risk is that mammary glands become fully differentiated at pregnancy, and that 

less differentiated ducts are more susceptible to carcinogens [287]. As carcinogen exposures 

accumulate with increasing age, later age at first full-term pregnancy then places the breast at 

greater risk [288,289].  

Given the clear biological evidence that the interval between menarche and first full-term 

pregnancy is relevant because of the susceptibility of undifferentiated breast tissue [82,287], 

women with this longer window have shown to have an increased risk of BC in the present 

and previous studies [65,81,82].  

In the present study the association was no longer significant when adjusted for age at first 

full-term pregnancy instead of total number of pregnancies (Data not shown). This is similar 

to observation by Chie et.al, which did not observe any association of BC with age at last full-

term pregnancy after adjusting for age at other full-term pregnancies [125]. In a recently 

published report of EPIC cohort, which studied the reproductive factors according to receptor 

status, ER+/PR+  malignancies but did not find any statistical heterogeneity between BC 

subtypes [80].  

Duration since last birth was associated with increased risk of BC in women from urban areas 

and those who were premenopausal. However, after adjusting for age at first full-term 

pregnancy, the association no longer exists (Data not shown). From the Swedish Fertility 

Register, with over 30 000 BC cases available for study, Liu et al. [128] documented a small 

increase in the risk of BC for each of the first few years after a birth, with adjustment for age 

at delivery in 1-year increments. Other studies, with considerably smaller numbers of white 
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women, have produced mixed results: some observed an increased risk for shorter interval 

since last birth [129–131] and a few found no association [132–134].  

No association between breastfeeding and BC was observed in present study whereas few 

other studies have observed protective association with breastfeeding  [83,109]. The 

protection was not observed for ever breastfed v/s never breastfed; average duration breastfed 

per child and total duration of breastfeeding. Breastfeeding is a universal practice in India, 

which has a very high prevalence of 95.7% and 96.0% in general population in both urban 

and rural areas respectively [59]. As population is homogenous, it is difficult to observe the 

protection associated with breastfeeding in India. A study done in South of India [87] had 

found a significant protection (without adjustment for parity) in premenopausal women who 

had breastfed for 6 years or more. Further, as total duration of breast feeding is associated 

with number of pregnancies, not adjusting for it might have resulted in confounding by 

protection given by number of pregnancies.  The present study had only 0.6% of total women 

who have breastfed for more than 5 years (Data not shown) resulting in no association 

between BC and breastfeeding. A similar observation of no association was reported in a 

systematic review on Japanese population, where cohort studies failed to find a significant 

inverse association between breastfeeding and the risk of BC [86].  

A positive association was seen between BC and maternal risk of twin pregnancy in rural and 

premenopausal women. A similar association was observed with the increased risk confined 

to the first five years following a multiple birth [290]. In contrast few studies observed an 

protective association [126,127] whereas another meta-analysis suggest that twin pregnancy 

does not significantly decrease the maternal risk of BC [73]. The question of a differential 

effect of multiple births compared to singleton on BC risk is of great importance from an 

etiological perspective, since many pregnancy hormones are increased in twin pregnancies 

compared to singleton [291–293]. Although statistically significant at 5% level the finding of 
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the present study needs further replication and could not exclude completely the possibility of 

chance, given the contradictory literature. 

An association was observed between current OC users and BC. This association was stronger 

and reached statistical significance (P = 0.016) in urban women. When the current OC users 

were stratified by duration of use, an increased risk (OR = 2.46; CI: 0.99–6.12; P = 0.052) 

was observed for women who had used OC for more than 2 years. Other studies have also 

observed an increased risk with current use of OC [98–101]. Given the literature on OC use 

and BC and the strong significant association observed in the present study, the association 

may be interpreted as causal in urban India. As the association was significant only for current 

users, it can be interpreted that OC may act as late-stage promoters.  

Other contraceptive methods like tubal ligation and Intrauterine devices were not associated 

with BC in the present study (Data not shown). 

An increased risk of BC was observed in women who had undergone 2 or more than 2 

induced abortions in their lifetime. On stratification, the risk was observed in urban, rural and 

premenopausal women. In the past, most case-control studies have observed an increased 

positive association [88] whereas most cohort studies have not reported an association [89–

92,94,95]. This suggests that increased risk observed in the case-control study might be due to 

recall bias and its possibility cannot be excluded in the present study. 

A consistent protection was observed across all strata (Rural, urban, pre and postmenopausal 

women) for women undergoing spontaneous abortion. The risk was highly significant and 

showed dose-response relationship across all strata. Given that the spontaneous abortion can 

occur after 1
st
 trimester [294], it’s plausible that the observed protection may be because of 

the protection acquired by pregnancy. Many studies have not observed an association between 

spontaneous abortion and risk of BC [90,93,94,96]. One cohort study however have observed 
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reduced risk in premenopausal and not postmenopausal women [97]. Future studies from 

India should indicate the trimester at which spontaneous abortion has occurred. 

2.8.4 Anthropometric Measurements 

The results of the anthropometric variables by doing stratification on rural-urban and pre and 

postmenopausal women showed that there were no stratum specific differences for women 

living in rural areas except that observed for hip circumference. However the risk of BMI, 

height and WC were significantly different among pre and postmenopausal women.  

There are several tests that can be performed to determine obesity. Hydrostatic body fat test 

and Dual energy X-ray absorptiometry (DEXA) are more accurate than others. Unfortunately, 

these methods, however accurate, are expensive and complex to utilize in field 

epidemiological studies. As a result, easier methods have been developed to determine 

obesity, including Skin fold thickness (using callipers), WC, HC, Adult body weight, WHR 

[295] and they are shown to accurately predict the obesity. A correlation of more than 70% is 

observed between  DEXA and BMI or WC [296]. 

Lower BMI (<18.5 kg/m
2
) increased the risk of BC compared to women with BMI in normal 

range. This phenomenon was observed across strata irrespective of their residential or 

menopausal status. Low BMI is associated with undernutrition and metabolic syndrome [297–

299]. It is well known that even at low BMI, Indians are at higher risk of developing type 2 

diabetes mellitus and metabolic syndrome [300–306]. Indians with low BMI have higher 

central obesity [307–310]. Even in this study 17.6% of controls with low BMI (<18.5 kg/m
2
) 

had higher WHR (≥0.85). Reverse causality is unlikely as weight loss in incident BC cases is 

least frequent phenomenon [311]. The increased risk for low BMI is therefore suggestive of 

risk related to metabolic syndrome.  This is the first study to observe increased risk of BC 

with low BMI. Given the association of low BMI with metabolic syndrome this seems to be 

plausible.  
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The current study observed a protection from premenopausal BC with increase in the BMI, 

similar to observations of other investigators [312,313]. A possible mechanism suggestive of 

any protective effect of high BMI in young women could be because obese premenopausal 

women have a higher number of anovulatory cycles, resulting in decreased estradiol and 

progesterone levels [314], which causes reduced risk of BC [315]. 

In the present study, the average menopausal age in controls was 44.9 which is lower than the 

western countries [316]. No increase in risk in postmenopausal BC could be observed 

possibly because of carry-over protective effect. Other studies have observed a weak/no 

relationship between BMI and risk in postmenopausal women [317–319] possibly because the 

reduction in BC risk due to overweight in early adulthood appears to continue into the 

postmenopausal women. Pike et.al have argued that menopausal transition shifts BMI from a 

protective factor to a risk factor of BC in almost a decade. This effect was modelled to 

demonstrate that it takes a decade for a BMI of 30 kg/m
2
 in a premenopausal woman (at age 

50, RR of 0.75) to become a risk factor (RR of 1.20 at age 62) [320].  

Therefore, in the present study the postmenopausal women were stratified by the duration 

since menopause is attained. In consistent with the above argument no increased risk with 

increase in BMI was observed in women who attained menopause less than 10 years ago and 

the observed risk was similar to that of premenopausal women. A strong significant increase 

(OR =1.85; P = 0.03) with dose-response was observed for women with high BMI who 

attained menopause ≥ 10 years ago. The finding of the present study is consistent to the 

previous data where the association tended to be stronger in studies from Asia Pacific (RR = 

1.31; 95% CI: 1.15–1.48) than studies from North America, Europe, and Australia (RR = 

1.15; 95% CI: 1.08–1.23 and 1.09; 95% CI: 1.00–1.14, resp.) In most case-control and 

prospective studies conducted in Asian women have observed a positive and strong 

relationship [112,149,162]. Pooled data from seven cohort studies including 337,819 women 
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and 4,385 incident BC cases found a 26% increase in postmenopausal BC risk with BMIs 

greater or equal to 28 kg/m
2
 [139]. In a cohort study of 10,106 women, conducted in Japan, 

the RR for developing postmenopausal BC was 2.54; 94% CI (1.16–5.55) in women with 

BMI of 25 kg/m
2
 or above compared to those with less 20.5 kg/m

2
 [149]. 

Given the literature of protection observed in premenopausal women and increased risk in 

postmenopausal women seems to be causal. However, the paradox of low BMI and increased 

risk of BC needs further validation. Further studies with measurement of abdominal fat and 

correlation of inflammatory markers with low BMI are required to further confirm the finding 

of present study.     

WHR in contrast to BMI is commonly used as a measure of central obesity [167,168]. A 

strong significant risk with dose-response was consistently observed in all the strata (Rural, 

urban, pre- and postmenopausal women) with larger WHR. The studies from literature have 

observed an increased risk associated with larger WHR among pre- and postmenopausal 

women particularly in Asian women compared to other ethnic groups [155,169,175], 

however, some studies are inconclusive [61,143,156]. In the present study the prevalence of 

WHR was higher in women residing in urban as well as rural areas. Even with women for 

normal BMI, 34.4% had higher WHR in the present study. This is consistent with thin-fat 

hypothesis of Asian –Indians [321]. The WC also showed increased in risk in rural, urban, 

pre- and postmenopausal women similar to other studies [313,322]. Given the high prevalence 

of central obesity in the Indian population [323] and strong risk observed for both pre- and 

postmenopausal BC, central obesity (WHR, WC) is main contributor to the risk of BC.    

An inverse association was observed throughout with HC even after adjusting for number of 

full-term pregnancies, which was also observed by another Nigerian BC Study [179]. A large 

prospective cohort study of 11,889 women conducted in Asian population found that central 

adiposity reflected by HC was a significant predictor of BC [161].  Other studies showed an 
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inverse association in premenopausal women with HC [61,178]. In contrast, other studies 

showed a positive association between HC and BC risk [177,180]. The mechanism with 

which the association of HC with BC could be explained by the fact that the highest 

aromatase activity associated with estrogen metabolism was found in hip [324]. In addition, 

WC and HCs have been found to be associated with higher levels of androgens, insulin, and 

reduced levels of sex-hormone binding globulin [325], factors that have been previously 

linked with BC risk [326]. Overall, these observations may suggest a different role of 

body/build measurements in BC etiology between populations, and this may merit future 

exploration.  

Height was observed to be positively associated with premenopausal BCs, which is consistent 

to previous reports [139,142,154,178]. No such increase was observed for postmenopausal 

women which could be due to lower prevalence of taller women in older cohort [59]. 

Similarly height was significantly associated with increased risk in urban women but not in 

rural women possibly because of the low prevalence of taller women in rural areas. NFHS 3 

report also shows that the percentage of short stature women (below 145 cm) in rural areas is 

12.1%, possibly due to poor nutrition status as compared to 9.8% in urban women [59]. 

Height, represents intrauterine, early childhood as well as the level of the adolescent growth 

spurt, which likely relates to factors such as nutrition, genetic growth potential, and hormones 

thus influencing BC occurrence [135–138]. Another possible explanation is that taller women 

may have higher levels of Insulin-like Growth Factors (IGF), which may underlie the link to 

BC risk [135]. 

The result of present study showed an increase in risk of BC with increase in body size (using 

pictogram) from age 10 to age 20 for postmenopausal women (OR = 1.25; 95% CI 0.99–1.59) 

after adjusting for current BMI. Body size at age 20 showed increase in the risk for 

premenopausal women (OR = 1.37; 95% CI: 1.03–1.83) and non statistical significant 
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increase for postmenopausal women when adjusted for current BMI (Data not shown). The 

risk was however attenuated for pre- and postmenopausal women (ORpremenopausal = 1.32, P = 

0.056) when adjusted for WHR.  

Data on body shape evolution and BC risk are limited; in contrast weight gain has been found 

to be associated with BC risk [191,327]. Most of the Indian women have low birth weight, 

and higher weight at age 20 (as indicated by pictogram) or increase in body size from age 10 

to 20 is indicative of accelerated childhood which may have attributed to increased adiposity 

and insulin resistance which might have influenced BC risk. No association was observed in 

increase in body size from age 20 to current age. To date, few studies have examined the 

relationship between body size at young age and BC risk. In contrast to other studies which 

showed a protective association, no association was observed between body sizes at age 10 

and pre & postmenopausal BCs. The larger body size at the time of enrolment was observed 

to be associated with decreased risk of BC in premenopausal women. This is similar to the 

observation mentioned previously with BMI in the current study. 

To conclude, it was observed that the risk factor for developing BC were similar between 

rural and urban area (no significant heterogeneity observed in the two groups) indicating that 

prevalence of these risk factors and not the risk factors per se may be responsible for observed 

differences in the incidence rates of BC in rural and urban areas. The BC showed 

heterogeneity in rural and urban area in reference to receptor status (P = 0.018) and non 

significant differences in mean age at menopause in rural (44.11) and urban area (44.73) and 

age at enrolment (rural women = 44.61; urban women = 45.24). However it cannot be inferred 

that differences in hormone receptor status also exist in rural-urban population as there could 

be referral biases towards reference to tertiary care hospital like TMH. 

2.9 Summary 

The strongest risk factors associated with BC after adjusting for confounding variables are as 



115 

 

follows:  

1. For every 2 year increase in the age at first full-term pregnancy there is a 10% increase in 

risk of BC. The age at first full-term pregnancy after age 25 almost doubled the risk in 

rural and urban India. 

2. Current users of OC with a longer duration increased the risk of BC in urban women and 

not in rural women, possibly due to its lower prevalence in rural areas. 

3. Given the possibility of recall bias in the case-control study design the observed 

association of increase in risk of BC with induced abortion is difficult to interpret. 

4. Spontaneous abortion may confer protection in both urban and rural women against the 

development of BC possibly because of the protection acquired from pregnancy lasting 

more than first trimester. 

5. For every 5 cm increase in height there is an increase of BC in urban women but not in 

rural women possibly because of less prevalence of taller women in rural areas. 

6. WHR showed strong significant positive association with BC in both rural - urban areas 

and in pre and postmenopausal women. The risk was more than 3-fold in highest 

category (≥0.95) as compared to lowest category (<0.85). 

7. Low BMI seems to increase the risk for pre and post menopausal women. In the light of 

association of low BMI with metabolic syndrome, this finding observed for the first time 

in literature, needs to be replicated in other parts of India and in geographical areas where 

low BMI is highly prevalent.  

8. High BMI protects from premenopausal BC but increases the risk in women who had 

attained menopause a decade ago. 

9. ER-/PR- and TNBC cases are more prevalent in women from rural areas compared to 

those from urban areas. 

The current study demonstrates that protection observed for BC by living in a rural area is 
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possibly because of less prevalence of risk factors viz. late age at first full-term 

pregnancy, OC use and tallness. The central obesity common to both rural and urban is a 

strong risk factor for BC.  
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3.1 Introduction 

In addition to the lifestyle related factors BC risk can also be attributed to genetic factors 

involving both high penetrance gene mutations and low penetrance polymorphisms. High 

penetrance genes occur less than 1% in population whereas low penetrance polymorphisms 

are more common in general population. This leads to the conclusion that there must be an 

influence from low penetrant genes [328] and can be deduced that they may be important 

from public health perspective. SNPs explain up to 95% of all variant DNA sites [329]. There 

have been numerous studies on SNPs and risk of BC using various approaches viz Candidate 

SNP selection, GWAS and Sequencing. The identified SNPs have largely been reported from 

western population using GWAS [244,245,330–333]. There have been some SNPs identified 

in GWAS conducted in Asian population [242,334,335]. However, there has been no GWAS 

from India so far.  

This chapter focuses mainly on replicating SNPs which have shown to be associated in 

already conducted large epidemiologic studies. SNPs associated with obesity have also been 

studied in detail and its association with BC risk have been determined. 

3.2 Methodology 

Female BC cases and visitor controls enrolled in the study were matched for age and region of 

residence as mentioned in Chapter 2. The controls unrelated to BC cases were utilized for 

Genotyping. 

3.2.1 DNA Preparation & Assay Performance 

Buffy coat samples were available for 1214 cases and 1293 controls. Genomic DNA was 

extracted from buffy coat using Qiagen QiAamp Blood DNA MidiKit and Macherey Nagel 

Nucleomag Blood kit. Concentration of each DNA sample was determined by the optical 

density (OD) at 260 nm and the purification was evaluated by OD 260/280 ratio. All DNA 

samples were also quantitated using Quant-iT PicoGreen dsDNA reagent, and purity was 
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assessed by measuring the UV absorbance for accuracy. Mean total yield of 15.12 µg was 

obtained for 2416 samples (Cases: 1204; Controls: 1212) having 260/280 ratio in the range of 

1.8 to 2.0. The yield was sufficient to proceed with genotyping. The quality of genomic DNA 

was assessed on 5% samples using 0.8% agarose gel. Single and intact bands of DNA were 

observed indicating that the isolated DNA was not fragmented and was of good quality. DNA 

concentrations were normalized to 50ng/µl and verified using Quant-iT PicoGreen dsDNA 

reagent before using for Genotyping assay. The aliquots of DNA were stored at -20
0
C.  

A total of 250ng DNA was applied to SNP typing using GoldenGate Genotyping (GGGT) 

Custom SNP Panel assay (Illumina Inc., San Diego, CA) [336]. GGGT assay was performed 

on 1204 cases and 1212 controls (Total: 2416) for 384 custom selected SNPs. Plates were 

prepared containing randomly mixed cases and controls. Intraplate and interplate replicates 

(7% approx.) were included on all plates and in all batches. 

3.2.2 Design of Custom SNP Panel 

 A customized panel of 384 SNPs was designed using a mixture of 3 strategies which are as 

follows. A summary of the selection strategy in Figure 3.1. 

Figure 3.1 Design of Custom SNP Panel  
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3.2.2A SNPs selected from GWAS 

The GWAS SNPs significantly associated with BC were identified using Human Genome 

Epidemiology (HuGE) Navigator [337]. National Institute of Health (NIH) GWAS Catalog 

[338] was used to identify significantly associated SNPs for BC, obesity, menstruation and 

menopause and other traits. The SNPs with p value < 10
-5

 were included in the custom panel. 

Duplicate SNPs between HuGE Navigator and NIH GWAS Catalog were removed. The 

number of SNPs selected in the respective category is mentioned in Table 3.1. A total of 161 

SNPs were identified using this strategy. 

Table 3.1: SNPs included using GWAS approach in different categories 

Category (Number of SNPs) Trait/Disease  

Breast Cancer (51)  Breast Cancer  

Obesity (29)  Obesity + Obesity (extreme)  

Body Mass Index (37)  Body Mass (lean) +Body Mass Index 

Mensturation and Menopause (41) 

 

Menarche (age at onset) +Menopause (age at onset) + 

Menarche and menopause (onset)  

Waist-to-hip ratio (2) Waist-to-hip ratio 

Insulin-like growth factor (1) Insulin-like growth factor 

Abbreviations: GWAS, Genome Wide Association Study; SNP Single Nucleotide Polymorphism 

Number of SNPs selected in each category is mentioned in paranthesis 

 

3.2.2B SNPs selected from Candidate Studies   

All candidate SNP studies which have been significantly associated with BC (total number = 

45) and other SNPs (suggested by collaborator on the basis of animal experiments, total 

number = 51) were included under this criterion using (HuGE) Navigator [339].  Total SNPs 

selected from this category were 96.  
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3.2.2C SNPs selected using Bioinformatics Tool 

127 tag SNPs were selected using this strategy. Obesity search term was used in Gene 

evidence [340] tab of HuGE Navigator (Figure 3.2). Thirty three genes had a score of 0.05 or 

more which were uploaded on the Candidate gene SNP selection (Genepipe) pipeline of 

“SNPinfo” a web-based SNP selection tool [341]. Linkage Disequilibrium (LD) relationships 

were evaluated between SNPs using a pairwise LD data calculated from HapMap genotype 

data for ethnic populations of Utah residents with ancestry from northern and western Europe 

(CEU), Han Chinese in Beijing, China (CHB) and Gujarati Indian from Houston, Texas 

(GIH). The algorithm used for selecting SNPs from the provided list of genes of obesity is as 

follows: Five kb upstream and 1 kb downstream of the gene coordinate only were included in 

the selection. Only SNPs showing a minor allele frequency (MAF) of 0.05 or greater were 

included. Tagging proportion cut-off to filter gene was kept 0.8 and LD threshold cut off was 

kept 0.8. Minimum number of SNPs tagged by a tag SNP was kept as 3. In order to ensure 

that each gene has some coverage a minimum of 1 tag SNP to a maximum of 100 tag SNPs 

per gene were included. Further SNPs were filtered using the functional SNP prediction in 

“Genepipe” that cause an amino acid change, those that may alter the functional or structural 

properties of the translated protein, disrupt transcription factor binding sites, disrupt splice 

sites or other functional sites (Figure 3.3).  
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Figure 3.2: Snapshot of Gene Evidence tab of HuGE Navigator used for identifying 

genes associated with obesity 
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Figure 3.3: Snapshot of selecting SNPs from Candidate genes using GenePipe tab of 

bioinformatics tool SNPinfo  
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3.3 Quality Assessment  

Blinded intra and interplate duplicates were included in all plates as a QC measure. The 

reproducibility rate of all the replicate samples (n=160) for all the assays was >98% (Table 

3.2). No inter sample contamination was observed which was determined by including 

negative controls in some of the assays. A designability rank score (0-1.0) was calculated for 

each SNP by Illumina for the conversion of the SNP into a successful GoldenGate Assay. Of 

the 384 SNPs, 347 had a score of 1.0 (designability score =1.0, high success rate). Following 

completion of the assay, data cleaning was done using Illumina GenomeStudio software 

version 1.9.4. The automatic allele calling was done using a GenCall (GC) threshold of 0.25. 

The software assigned three clusters on a graph based on the fluorescence obtained. The GC 

score, a confidence score of the genotyping of each point, depends on the intensity of the 

fluorescence and the distance of the point from the centre of the cluster on the graph. Call 

rate, a quality assessment used for samples, defined as number of SNPs worked for a given 

sample divided by total number of SNPs genotyped. Seventeen samples had a call rate <90% 

(Figure 3.4), a total of 2399 samples were included in final analysis. Similarly to assess the 

quality of SNPs call frequency is used, which is number of samples worked for a given SNP 

divided by total number of samples genotyped. Six SNPs with call frequency <95% were 

excluded from final analysis (Figure 3.5).  Further, 16 SNPs with diffused clusters, 4 SNPs 

with MAF<1%, 6 SNPs with call frequency below 95% and 6 SNPs with substantial deviation 

from Hardy-Weinberg Equilibrium (HWE) (p<0.001) were excluded to have a list of 352 

SNPs for final analysis. All SNPs had a Gen train score value of 0.4 and above leading to no 

exclusions of SNPs due to poor cluster quality. The exclusion criteria has been summarised in 

flowchart (Figure 3.6) and the full list of SNP loci and corresponding gene is given in 

Annexure 1.  
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Table 3.2: Inter & Intra-assay reproducibility of Genotyping Assay 

Reproducibility 

Number of samples Reproducibility Frequency 

Cases Controls Total 
Min-Max 

(Cases ) 

Min-Max 

(Controls) 

Min-Max 

(Total) 

Inter-assay 12 32 44 0.99-1.00 0.99-1.00 0.99-1.00 

Intra-assay 57 59 116 0.98-1.00 0.99-1.00 0.98-1.00 

Total 69 91 160 0.98-1.00 0.99-1.00 0.98-1.00 

 

 

 

 

 

Figure 3.4: Histogram for Call Rate 
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Figure 3.5: Histogram of Call Frequency 

 
 

Figure 3.6: Flow chart of exclusion criteria in Genotyping data 
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Following quality control dashboards provided in Genome Studio Software showed that the 

quality of the assays were satisfactory. 

3.3.1 Allele Specific Extension 

It is a test of efficiency of the extension step. The points have clustered on the sides of the 

graph. If the points were located in the centre of the graph, the hybridization of the probes 

would not have been specific, indicating something wrong during the Extension and Ligation 

Master Mix (MEL) step.  This step shows that extension step had been properly conducted 

during the experiment (Figure 3.7). 

Figure 3.7: Allele Specific Extension 

 

3.3.2 PCR Uniformity 

 The signal intensity of CY3 (blue) is visible on the right and CY5 (red) on the left panel of the 

graphs. If the PCR would have failed, the signal intensity would have been very low. The graph 

displayed below meets the quality criteria as mentioned in the Genome Studio software (Figure 

3.8). 
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Figure 3.8: PCR Uniformity 

 

3.3.3 Extension Gap 

 It tests the efficiency of extension. The signal intensity was high and centred as suggested in 

the protocol (Figure 3.9). 

Figure 3.9: Extension Gap 
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3.3.4 First Hybridization 

It tests the efficiency of the adjacent oligos to hybridize during the first hybridization step test 

when the temperature decreases from 70 to 30
0
C. If the panel of points is located on the right of 

the graph, then the control is ok. This is rightly shown in the graph below (Figure 3.10) 

 

Figure 3.10: First Hybridization 

 

3.3.5 Second Hybridization 

It tests the efficiency of the hybridization. If the second hybridization failed, the signal intensity 

is low, reflecting a competition during hybridization. The intensity of all the samples are 

sufficiently high to include in the analysis as depicted in the below graph (Figure 3.11). 
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Figure 3.11: Second Hybridization 

 

3.3.6 Contamination Dashboard 

There is only one contamination control (one colour) per OPA tube. There are 4 different 

colours, so 4 contamination controls are possible. When checked for contamination via the 

dashboard, the graph must have only one colour (per OPA tube used). If a contamination 

occurred, 2 or more colours will be seen for samples that have been processed with the same 

OPA tube which reflects contamination of PCR products from the previous experiments. Since 

only one colour is observed in the graph below, it shows there was no inter sample 

contamination (Figure 3.12). 
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Figure 3.12: An example of Contamination Dashboard for a Beadchip of 32 samples 

 

3.3.7 MAF Comparison with another study 

MAF of the present study was compared with another ongoing GWAS in South India, a 

correlation of 98% was observed between the MAFs of two studies (Figure 3.13).  

Figure 3.13: Correlation of MAFs between common SNPs in two Indian studies 
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3.4 Statistical Analysis 

A chi-square test was used to verify whether the observed genotype frequencies were in 

HWE. Principal Component Analysis was conducted to evaluate the potential effects of 

population structure between the samples. Each principal component explains a certain 

percentage of the total variance in the SNPs. The first principal component explains the most 

SNP variation, and the second principal component uncorrelated with the first principal 

component explains the second most SNP variation. The number of principal components 

needed to describe common variation across a locus was defined a priori as the number of 

principal components needed to explain at least 80% of the sequence variance. Unconditional 

logistic regression was used to estimate OR and corresponding 95% CI between genotypes 

and case status. The genotypes were coded as 0=wild type, 1=heterozygous and 

2=homozygous variant. The models fitted were additive (continuous effect of increasing 

number of variant alleles - 0 versus 1 versus 2), dominant (0 versus 1 and 2), recessive (0 and 

1 versus 2) and genotypic (0 versus 1, 0 versus 2). Positive associations were defined as an 

OR larger than 1, whereas an inverse association was specified by an OR below 1. The results 

were considered significant at 0.05 level of significance. Allele and its corresponding 

frequency obtained from GWAS were recalculated for comparison of the SNPs replicated 

from BC GWAS in the present study. Additive model were presented in the main body of 

analysis whereas genotypic, dominant and recessive model were presented in Annexure 2. 

A false discovery rate (FDR) method of Benjamini and Hochberg [342] was used to calculate 

q-value. A FDR cut-off of 0.05 was applied to select the top SNPs, which limited the 

probability of false-positives due to multiple tests that were carried out. 

There was no significant difference in eigenvector loadings for the first five factors showing 

that the regional differences in structure were a minor source of population variability. 
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Therefore, the analysis were not conditioned on region. Similarly age was not associated with 

SNPs and therefore was not considered as the confounding factor in the model.  

In the absence of any SNPs being statistically significant after adjusting for multiple 

comparisons, the results have been discussed in terms of possible false positive association 

versus real associations. SNPs significantly identified in BC GWAS and in present study were 

further analysed to estimate the association with BC stratified on receptor and menopausal 

status. The strongest SNPs observed in the present study which were previously related to 

obesity using bioinformatics tools and GWAS were selected to estimate interaction with 

WHR. Stratum specific estimates in the different strata of WHR for these SNPs were 

presented. Statistical significance of multiplicative interaction between SNPs and WHR were 

tested using the likelihood ratio test by comparing the logistic regression models with and 

without an interaction term. 

All the analysis were performed using the statistical software Stata version 12.0 [274] and 

PLINK v1.07 [343,344]. 

3.5 Results 

Out of 384 SNPs genotyped a total of 32 SNPs were excluded from final analysis due to 

various reasons mentioned above. A total of 27 SNPs were observed to be significantly 

associated with BC. However, neither of the associations remained statistically significant 

after adjustment for multiple comparisons. 

Table 3.3 summarizes the number of significantly associated SNPs with BC risk using 

different categories i.e. GWAS, Candidate Studies and Bioinformatics tool. A total of 12 

SNPs were associated out of 89 which had shown a previous association with BC. SNPs 

associated with Obesity and BMI were also associated with BC risk in the present study.  
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3.5.1 SNPs selected from GWAS 

3.5.1A Breast Cancer 

Table 3.4 shows 7 SNPs which were replicated from previous studies on BC GWAS. The risk 

of SNP in FGFR2 were 1.13 (95% CI: 1.01–1.27) and 1.16 (95% CI: 1.03–1.31)  in 

rs2981575 and rs2981582 respectively in the additive model. Table 3.5 presents the MAF of 

SNPs which were significantly identified in the GWAS of BC but were not associated in the 

present study. The prevalence of certain SNPs in the present study varied with that observed 

in GWAS. Out of 40 SNPs which did not show an association with BC, 15 SNPs had a MAF 

below 20% and 25 SNPs had prevalence of 20% and above.  

The risk of SNPs which were significantly identified in BC GWAS and in present study were 

also studied in BCs stratified on menopausal status and hormone receptor status. All SNPs 

were observed to be significantly associated with postmenopausal BCs whereas none of the 

SNPs analysed showed an association with premenopausal BCs. The SNP rs2046210 in ESR1 

showed an increased risk for BCs which were ER-/PR- and triple negative but not ER+/PR+. 

The SNPs rs10411161 in Zinc Finger Protein 577 (ZNF577) gene showed significant 

protection in the development of only ER+/PR+ BCs whereas SNPs in FGFR2 (rs2981575, 

rs2981582), Mitogen-Activated Kinase Kinase Kinase 1 (MAP3K1) (rs889312) and 9q31.2 

(rs865686) increased the risk of hormone receptor positive BC (Table 3.6 and 3.7).  

3.5.1B Other-traits 

Three SNPs associated with obesity and 2 associated with BMI showed a significant 

association with BC (Table 3.8). rs2274459 protected from the development of BC [0.74 

(95% CI: 0.59–0.93)] and rs2116830 located in the untranslated region of Potassium Channel, 

Calcium-Activated, Large Conductance, Subfamily M, Alpha Member 1 (KCNMA1) gene 

showed an increased association of 1.51 (95% CI: 1.11–2.06). rs16867321 (P = 0.036) in 

Motilin (MLN) showed a significant protection in development of BC. SNPs previously 
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related to BMI showed a positive association with SNPs rs987237 and rs2287019 in genes 

Transcription Factor Ap2-Beta (TFAP2B) and Glutaminyl-Peptide Cyclotransferase-Like 

(QPCTL) respectively.  

3.5.2 SNPs selected from Candidate Studies 

3.5.2A Breast Cancer 

Table 3.9 displays the association of 5 SNPs that were selected using Candidate Studies on 

BC. Statistical analysis on the individual effect of SNPs on BC showed an increased 

association with rs3218408, rs1641535, rs1641536 and rs861539. Another strongly associated 

SNP, rs2420946 in FGFR2 gene showed an increased risk of 1.17 (95% CI: 1.04–1.32).  

3.5.2B Other SNPs 

SNP rs2233660 included in final analysis suggested by Collaborators were also associated 

with BC risk (Table 3.9). The risk observed for rs2233660 in PHB gene was observed to be 

1.21 (95% CI: 1.02-1.44) 

3.5.3 SNPs selected using Bioinformatics Tool 

The most promising SNP identified using the Bioinformatics tool is rs4362, present in the 

coding region of ACE (Angiotensin I-Converting Enzyme). The protective association was 

observed to be 0.84; 95% CI: 0.74–0.95. Other SNPs which had a protective association were 

rs4293, rs11196219 and rs11872992 whereas rs11121832, rs1474347 and rs3774261 showed 

an increased association with BC risk. The SNPs which had a p-value below 0.01 were 

rs1159460 and rs2161829 in the intronic region of genes Transcription Factor 7-Like 2 

(TCF7L2) and Insulin-Induced Gene 2 (INSIG2) respectively (Table 3.10).  

3.5.4 Gene-Environment Interaction 

SNPs associated with obesity (using Bioinformatics tool and GWAS) previously and BC in 

present study with lowest p-values were selected to study the interaction between SNPs and 
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WHR. None of the SNPs showed statistically significant multiplicative interaction. However, 

there was an increase in the OR with increase in WHR for all selected SNPs (Table 3.11). 

 

 

Table 3.3: Summary of significantly associated SNPs (Additive model) with 

Breast Cancer risk 

Phenotype GWAS 
Candidate 

Studies 

Bioinformatics 

tool 
Total 

Breast Cancer 7/47 5/42 
 

12/89 

Obesity 3/27 
 

9/116 12/143 

BMI 2/33 
  

2/33 

Menstruation and 

menopause 
0/37 

  
0/37 

WHR 0/2 
  

0/2 

IGF 0/1 
  

0/1 

Others
a
 0/1 1/47 

 
1/48 

Significant 

association 
12/147 6/89 9/116 27/352 

Excluded 14 7 11 32 

Total 161 96 127 384 
Abbreviations: BMI, Body Mass Index; GWAS, Genome Wide Association Studies; IGF, Insulin-

like Growth FactorWHR, Waist-to-Hip Ratio. 
a
Suggested by Collaborator on the basis of animal experiments 

All SNPs are represented as Total significant/Total included in final analysis. 
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Table 3.4: Association of SNPs significantly identified in BC GWAS and risk of Breast Cancer  

SNP ID Chr 
Gene 

Symbol 

Major: 

Minor 

Allele 

MAF
 a
 Case/Control OR (95% CI)

 b
 p-value 

Details of Previous GWAS
d
 

Ethnicity 

(Ref. Study) 

Minor allele 

(MAF) 
Model OR (95%CI) p- value 

rs16886165 5 MAP3K1 T:G 0.34 1188/1195 1.20 (1.06-1.35) 0.003 Not Given G (0.15) TT v/s TG 1.23 (1.12-1.35) 5.0 x 10
-7

 

rs865686 9 9q31.2 T:G 0.14 1191/1199 0.80 (0.68-0.95) 0.010 British, European G (0.39) Allelic 0.89 (0.85-0.92) 2.0 x 10
-10

 

rs889312 5 MAP3K1 A:C 0.39 1178/1178 1.16 (1.03-1.30) 0.011 
British, European C (0.28) Allelic 1.22 (1.14-1.30) 5.0 x 10

-9
 

Multiple
c
 A (0.28) Allelic 1.13 (1.10-1.16) 7.0 x 10

-20
 

rs2981582 10 FGFR2 C:T 0.33 1194/1204 1.16 (1.03-1.31) 0.019 Multiple
c
 A (0.38) Allelic 1.26 (1.23-1.30) 2.0 x 10

-76
 

rs10411161 19 ZNF577 C:T 0.48 1182/1195 0.88 (0.79-0.99) 0.029 European T (0.13) Add 1.42 (1.22-1.65) 7.0 x 10
-6

 

rs2046210 6 ESR1 C:T 0.35 1189/1198 1.13 (1.009-1.28) 0.034 Chinese A (0.37) Allelic 1.29 (1.21-1.37) 2.0 x 10
-15

 

rs2981575 10 FGFR2 T:C 0.38 1187/1193 1.13 (1.01-1.27) 0.040 European T (0.42) Allelic 1.28 (1.18-1.39) 1.0 x 10
-8

 

rs1219648 10 FGFR2 A:G 0.37 1188/1196 1.13 (1.00-1.27) 0.051 

British G (0.42) Allelic 1.31(1.25-1.37) 1.0 x 10
-30

 

European G (0.42) 
 

1.32 (1.22-1.42) 2.0 x 10
-13

 

Multiple
c
 G (0.40) 

 
1.2(1.07-1.42) 1.0x10

-10
 

rs10871290 16 GLG1 T:C 0.26 1192/1199 0.88 (0.77-1.00) 0.055 Not Given C(0.34) Not Given Not Given 4.0 x 10
-7

 

rs7107217 11 BARX2 C:A 0.35 1181/1203 0.88 (0.78-1.00) 0.057 

East Asian C (0.36) Allelic 1.08 (1.05-1.11) 5.0 x10
-7

 

Chinese C (0.32) Allelic 1.08(1.03–1.12) 2.2 x 10
-4

 

Korean C (0.38) Allelic 1.10(1.04–1.16) 7.1 x 10
-4

 

Japanese C (0.47) Allelic 1.05(0.96–1.15) 0.33 

rs1011970 9 CDKN2BAS G:T 0.26 1187/1201 1.13 (0.99-1.29) 0.062 Multiple
c
 T (0.17) Allelic 1.09 (1.04-1.14) 3.0 x 10

-8
 

rs2981579 10 FGFR2 C:T 0.40 1192/1205 1.11 (0.98-1.24) 0.08 
British, European A (0.42) Allelic 1.43 (1.35-1.53) 4.0 x 10

-31
 

Multiple
c
 T (0.41) CC v/s CT 1.17 (1.07-1.27) 2.0 x 10

-10
 

rs981782 5 HCN1 T:G 0.21 1192/1204 0.88 (0.76-1.01) 0.081 
British A (0.47) Allelic 0.96 (0.93-0.99) 8.0 x 10

-5
 

Multiple
c
 A (0.37) Allelic 0.96 (0.93-0.99) 9.0 x 10

-6
 

rs1876206 15 FBN1 A:G 0.14 1189/1193 0.86 (0.72-1.02) 0.099 Framingham Not Given Not Given Not Given 6.0 x 10
-6

 

rs614367 11 CCND1 C:T 0.15 1183/1189 1.13 (0.97-1.32) 0.112 British, European T (0.15) CC v/s CT 1.15 (1.10-1.20) 3.0 x 10
-15

 

rs3734805 6 C6orf97 A:C 0.07 1192/1200 1.17 (0.94-1.46) 0.135 British, European C (0.08) Allelic 1.19 (1.11-1.27) 1.0 x 10
-7

 

rs4784227 16 TOX3 C:T 0.22 1189/1201 1.10 (0.96-1.26) 0.154 

Multiple
c
 T (0.24) Allelic 1.24 (1.20-1.29) 1.0 x 10

-28
 

Chinese T (0.24) Allelic 1.24 (1.19-1.30) 2.7 x 10
-20

 

Japanese T (0.24) Allelic 1.34 (1.19-1.50) 7.3 x 10
-7

 

East Asians T (0.24) Allelic 1.25 (1.20-1.31) 3.2  x 10
-25

 

Multiple
c
 T (0.24) Allelic 1.19 (1.09-1.31) 1.3 x 10

-4
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SNP ID Chr 
Gene 

Symbol 

Major:

Minor 

allele 

MAF
 a
 Case/Control OR  (95% CI)

 b
 p-value 

Details of Previous GWAS
d
 

Ethnicity 

(Ref. Study) 

Minor allele 

(MAF) 
Model OR (95%CI) p- value 

rs13387042 2 TNP1 A:G 0.48 1188/1196 1.07 (0.95-1.20) 0.223 

British, European G (0.48) Allelic 0.86 (0.82-0.90) 1.8 x 10
-10

 

European Not Given (0.53) 
 

1.18 (1.10-1.27) 9.0 x 10
-6

 

British, European A (0.49) Allelic 1.21 (1.14-1.29) 2.0 x 10
-10

 

Multiple
c
 A (0.51) 

 
1.25 (1.15-1.37) 2.0 x10

-8
 

Multiple
c
 A (0.49) Allelic 1.2 (1.14-1.26) 1.0 x10

-13
 

rs3803662 16 TOX3 C:T 0.28 1190/1195 1.07 (0.95-1.22) 0.235 

European A (0.30) 
 

1.22 (1.13-1.32) 4.0 x 10
-7

 

British, European A (0.26) Allelic 1.3 (1.22-1.39) 3.0 x 10
-15

 

Multiple
c
 T (0.27) CC v/s CT 1.16 (1.07-1.27) 1.0 x 10

-9
 

Multiple
c T (0.27) Allelic 1.28 (1.21-1.35) 6.0 x 10

-19
 

Multiple
c
 C (0.25) Allelic 1.2 (1.16-1.24) 1.0 x10

-36
 

rs6504950 17 STXBP4 G:A 0.16 1190/1203 1.09 (0.94-1.27) 0.236 Multiple
c
 A (0.27) Allelic 0.95 (0.92-0.97) 1.4 x 10

-8
 

rs9485372 6 UST G:A 0.21 1183/1199 0.91 (0.79-1.05) 0.237 

Chinese A (0.43) GG v/s AA 0.83 (0.76-0.90) 3.5x10
-6

 

Korean A (0.48) GG v/s AA 0.76 (0.68-0.85) 6.0 x 10
-7

 

Japanese A (0.47) GG v/s AA 0.84 (0.66-1.07) 0.15 

East Asian A (0.45) GG v/s AA 0.80 (0.75-0.86) 3.8x10-
12

 

rs10995190 10 ZNF365 G:A 0.08 1194/1205 0.88 (0.71-1.09) 0.269 
British, European A (0.15) Allelic 0.86 (0.82-0.91) 5.0 x 10

-15
 

British A (0.14) Allelic 0.76 (0.70-0.84) 6.1 x 10
-8

 

rs704010 10 ZMIZ1 G:A 0.29 1192/1198 1.06 (0.93-1.20) 0.339 British, European A (0.39) Allelic 1.07 (1.03-1.11) 4.0 x 10
-9

 

rs3817198 11 LSP1 T:C 0.36 1189/1194 1.05 (0.94-1.19) 0.342 Multiple
c
 C (0.30) Allelic 1.07 (1.04-1.11) 3.0 x 10

-9
 

rs1926657 13 ABCC4 C:T 0.32 1187/1201 0.94 (0.83-1.06) 0.350 Framingham Not Given Not Given Not Given 2.0 x 10
-6

 

rs13281615 8 FAM84B G:A 0.5 1183/1189 0.94 (0.84-1.06) 0.365 Multiple
c
 C (0.42) Allelic 1.08 (1.05-1.11) 5.0 x 10

-12
 

rs10263639 7 AUTS2 T:C 0.13 1190/1200 1.08 (0.92-1.27) 0.366 Framingham Not Given Not Given Not Given 3.0 x 10
-6

 

rs1978503 18 TCF4 A:G 0.11 1193/1205 1.08 (0.90-1.29) 0.370 Framingham Not Given Not Given Not Given 1.0 x 10
-6

 

rs2180341 6 RNF146 A:G 0.41 1182/1192 0.95 (0.84-1.06) 0.383 Ashkenazi Jews G (0.21) Allelic 1.41 (1.25-1.59) 3.0 x 10
-8

 

rs999737 14 RAD51L1 C:T 0.12 1194/1204 1.07 (0.90-1.28) 0.389 Multiple
c
 C (0.76) Genotypic 1.06 (1.01-1.14) 2.0 x 10

-7
 

rs10069690 5 TERT C:T 0.29 1187/1197 0.96 (0.85-1.09) 0.500 

Multiple
c
 

 
Allelic 1.18 (1.13-1.25) 1.0 x  10

-10
 

African-American T (0.57) Allelic 1.32 (1.18–1.48) 1.3 × 10
−6

 

European T (0.27) Allelic 1.18 (1.07–1.30) 1.0 × 10
−3

 

rs4973768 3 SLC4A7 C:T 0.45 1189/1198 1.03 (0.92-1.16) 0.536 
British, European C (0.49) Allelic 1.14 (1.09-1.19) 2.0 x 10

-8
 

British, European T (0.47) Allelic 1.16 (1.10-1.24) 6.0 x 10
-7

 

rs3112612 16 TOX3 C:T 0.46 1187/1197 1.03 (0.92-1.15) 0.541 British, European T (0.43) Allelic 1.15 (1.10-1.21) 4.0 x 10
-10
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SNP ID Chr 
Gene 

Symbol 

Major:

Minor 

Allele 

MAF
 a
 Case/Control OR  (95% CI)

 b
 p-value 

Details of Previous GWAS
d
 

Ethnicity (Ref. 

Study) 

Minor allele 

(MAF) 
Model OR (95%CI) p- value 

rs8170 19 C19orf62 C:T 0.10 1190/1204 1.05 (0.87-1.27) 0.545 White A (0.17) Allelic 1.26 (1.17-1.35) 2.0 x 10
-9

 

rs458685 21 GRIK1 T:C 0.13 1193/1204 0.95 (0.80-1.12) 0.567 Framingham Not Given Not Given Not Given 6.0 x 10
-6

 

rs4415084 5 FGF10 T:C 0.48 1184/1197 0.96 (0.86-1.08) 0.601 British, European T (0.42) Allelic 1.17 (1.11-1.22) 8.0 x 10
-11

 

rs909116 11 TNNT3 T:C 0.37 1189/1199 0.97 (0.86-1.09) 0.642 British, European T (0.53) Allelic 1.17 (1.10-1.24) 7.0 x 10
-7

 

rs11249433 1 LOC647121 T:C 0.17 1174/1190 1.03 (0.88-1.20) 0.682 Multiple
c
 C (0.39) 

 
1.16 (1.09-1.24) 7.0 x 10

-10
 

rs10490113 2 BCL11A A:C 0.16 1185/1198 0.98 (0.83-1.14) 0.754 Framhingham Not Given Not Given Not Given 5.0 x 10
-6

 

rs10510102 10 ATE1 A:G 0.10 1190/1202 0.97 (0.80-1.17) 0.779 British, European G (0.17) Allelic 1.12 (1.07-1.17) 2.0 x 10
-6

 

rs10822013 10 ZNF365 T:C 0.50 1188/1193 0.98 (0.87-1.11) 0.833 East Asian T (0.47) Not Given 1.12 (1.06-1.18) 6.0 x 10
-9

 

rs2048672 7 LOC647017 G:T 0.44 1183/1196 1.01 (0.90-1.13) 0.852 

East Asian C (0.45) AA v/s AC 1.11(1.05-1.17) 6.0 x 10
-6

 

Chinese C (0.41) AA v/s AC 1.12 (1.05-1.20) 2.4 x 10
-5

 

Japanese C (0.5) AA v/s AC 1.15 (0.96-1.37) 0.1738 

Korean C (0.48) AA v/s AC 1.05 (0.95-1.17) 0.1445 

rs6556756 5 MAT2B T:G 0.14 1175/1197 1.02 (0.86-1.20) 0.864 Framingham Not Given Not Given Not Given 5.0 x 10
-7

 

rs1562430 8 FAM84B A:G 0.23 1185/1204 1.00 (0.87-1.15) 0.920 
British, European G (0.40) Allelic 0.86 (0.82-0.90) 3.1 x 10

-11
 

British, European T (0.58) Allelic 1.17 (1.10-1.25) 5.8 x 10
-7

 

rs3757318 6 C6orf97 G:A 0.07 1193/1202 0.99 (0.79-1.24) 0.964 British, European A (0.07) Allelic 1.30 (1.17-1.46) 3.0 x 10
-6

 

rs1092913 5 ROPN1L G:A 0.33 1189/1201 0.99 (0.88-1.12) 0.976 European T (0.13) Additive 1.45 (1.24-1.69) 2.0 x 10
-6

 

rs10941679 5 FGF10 A:G 0.39 1190/1200 1.00 (0.89-1.12) 0.981 
   

1.27 2.5 x 10
-12

 

Abbreviations: ABCC4, ATP-Binding Cassette, Sub-Family C, Member 4; ATE1, Arginyltransferase 1;  AUTS2, Autism Susceptibility Candidate 2; BARX2, BARX Homeobox 2; BCL11A, B-

Cell CLL/Lymphoma 11A (Zinc Finger Protein); C19orf62, Chromosome 19 Open Reading Frame 62; C6orf97, Chromosome 6 Open Reading Frame 97; CCND1, Cyclin D1; CDK, Cyclin-

Dependent Kinase; CDKN2BAS, Cyclin-Dependent Kinase Inhibitor 2B, Antisense; Chr, Chromosome; ESR1, Estrogen receptor 1; FAM48B, Family With Sequence Similarity 84, Member B; 

FBN1, Fibrillin 1; FGF10, Fibroblast Growth Factor 10; FGFR2, Fibroblast Growth Factor Receptor 2; GLG1, Golgi Apparatus Protein 1; GRIK1, Glutamate Receptor, Ionotropic, Kainate 1; 

GWAS, Genome Wide Association Studies; HCN1, Hyperpolarization-Activated Cyclic Nucleotide-Gated Potassium Channel 1; LSP1, Lymphocyte-Specific Protein; MAF, Minor Allele 

Frequency; MAP3K1, Mitogen-Activated Kinase Kinase Kinase 1; MAT2B; Methionine Adenosyltransferase II, Beta; RAD51L1, RAD51 Paralog B; RNF146, Ring Finger Protein 146; ROPN1L, 

rhophilin associated tail protein 1-like; SLC4A7, Solute Carrier Family 4 (Sodium Bicarbonate Cotransporter), MEMBER 7; SNP, Single Nucleotide Polymorphism; STXBP4, Syntaxin-Binding 

Protein 4; TCF4, Transcription Factor 4; TERT, Telomerase Reverse Transcriptase; TNNT3, Troponin T3, Fast Skeletal; TNP1, Transition Protein 1; TOX3, Tox High Mobility Group Box Family 

Member 3; UST, Uronyl 2-Sulfotransferase;,  ZMIZ1, Zinc Finger Miz-Domain Containing 1; ZNF365, Zinc Finger Protein 365; ZNF577, Zinc Finger Protein 577. 
a
 Minor Allele Frequency in  controls. 

b 
Unadjusted Odds Ratio fitted for Additive model. 

c
 Risk estimated for more than one ethnicity. 

d
Adapted from HuGE Navigator. 

Total number per SNP may vary because of missing values. 

Significant association in the present study were shown in bold. 
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Table 3.6: Association of SNPs significantly identified in BC GWAS & present study 

and risk of Breast Cancer stratified by menopausal status 

 

SNP ID
a
 

Gene 

Symbol 

Premenopausal  

(Cases=818; Controls=841) 

Postmenopausal  

(Cases=815, Controls=663) 

Case/ 

Control 
OR

 b
 (95% CI) p-value 

Case/ 

Control 
OR

 b
 (95% CI) p-value 

rs10411161 ZNF577 599/643 0.94 (0.80-1.10) 0.455 582/538 0.82 (0.69-0.96) 0.017 

rs16886165 MAP3K1 605/643 1.13 (0.96-1.32) 0.138 582/538 1.27 (1.07-1.52) 0.006 

rs2046210 ESR1 604/645 1.09 (0.93-1.28) 0.267 584/539 1.22 (1.01-1.46) 0.031 

rs2981575 FGFR2 604/641 1.04 (0.89-1.23) 0.572 582/538 1.23 (1.03-1.46) 0.018 

rs2981582 FGFR2 607/649 1.05 (0.89-1.24) 0.539 586/541 1.29 (1.07-1.55) 0.006 

rs865686 9q31.2 606/646 0.82 (0.64-1.04) 0.105 584/539 0.76 (0.63-0.97) 0.030 

rs889312 MAP3K1 599/635 1.10 (0.94-1.30) 0.620 578/529 1.24 (1.04-1.47) 0.008 

Abbreviations: BC, Breast Cancer; CI, Confidence Interval; ESR1, Estrogen Receptor 1; FGFR2, Fibroblast 

Growth Factor Receptor 2; GWAS, Genome Wide Association Studies; MAP3K1, Mitogen-Activated Kinase 

Kinase Kinase 1; OR, Odds Ratio; SNP, Single Nucleotide Polymorphism; TNBC, Triple Negative Breast 

Cancer, ZNF577, Zinc Finger Protein 577. 
a
 SNPs significantly associated in the present study and in BC GWAS. 

b
 Unadjusted Odds Ratio 

Significant associations were shown in bold. 

Total number per SNP may vary because of missing values. 

 
 
 
 
 
 
 
 
 

Table 3.5: Comparison of allele frequencies observed in present study & GWAS 

for SNPs which did not show association in present study 

Allele Frequency 

reported in GWAS 

MAF reported in the present Case-Control study
a
 

0-19% 20-49% 

0-19% 6
b
 2

c
 

20-49% 3
d
 22

c
 

Not Known 6
e
 1

c
 

Total 15 25 

Abbreviations: GWAS, Genome Wide Association Studies; MAF, Minor Allele Frequency. 
a 
Minor Allele Frequency in controls of study population 

b
 Not powered to detect association. 

c
 Not a risk factor of breast cancer in the study population. 

d
 Attributable risk may be low due to low prevalence. 

e
 Not Known 
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Table 3.7: Association of SNPs significantly identified in BC GWAS & in present study and risk of Breast Cancer stratified by hormone 

receptor 

SNP ID
a
 

Gene 

Symbol 

ER+/PR+ (N=569) ER-/PR-(N=725) TNBC (N=470) 

Case/Control OR (95% CI)
b
 p-value Case/Control OR (95% CI)

b
 p-value Case/Control OR (95% CI)

b
 p-value 

rs10411161 ZNF577 401/1190 0.77 (0.66-0.91) 0.002 527/1190 0.92 (0.80-1.06) 0.274 339/1190 0.94 (0.80-1.12) 0.534 

rs16886165 MAP3K1 405/1190 1.27 (1.08-1.50) 0.003 526/1190 1.18 (1.01-1.37) 0.028 338/1190 1.17 (0.98-1.40) 0.066 

rs2046210 ESR1 407/1193 1.13 (0.95-1.33) 0.145 527/1193 1.20 (1.03-1.40) 0.017 339/1193 1.23 (1.03-1.47) 0.020 

rs2981575 FGFR2 406/1188 1.25 (1.06-1.47) 0.007 528/1188 1.02 (0.87-1.18) 0.781 339/1188 1.05 (0.88-1.25) 0.550 

rs2981582 FGFR2 408/1199 1.23 (1.06-1.47) 0.014 529/1199 1.07 (0.91-1.25) 0.374 340/1188 1.08 (0.90-1.31) 0.376 

rs865686 9q31.2 407/1194 0.80 (0.63-1.02) 0.078 528/1194 0.85 (0.68-1.05) 0.145 339/1194 0.79 (0.61-1.03) 0.090 

rs889312 MAP3K1 404/1173 1.27 (1.08-1.49) 0.004 524/1173 1.11 (0.96-1.29) 0.136 337/1173 1.04 (0.87-1.24) 0.620 

Abbreviations: BC, Breast Cancer; CI, Confidence Interval; ER+, Estrogen Receptor Positive ; ER-, Estrogen Receptor Negative; ESR1, Estrogen receptor 1; FGFR2, 

Fibroblast Growth Factor Receptor 2; GWAS, Genome Wide Association Studies; MAP3K1, Mitogen-Activated Kinase Kinase Kinase 1; OR, Odds Ratio; PR+, Progesterone 

Receptor Positive; PR-, Progesterone Receptor Negative; SNP, Single Nucleotide Polymorphism; TNBC, Triple Negative Breast Cancer, ZNF577, Zinc Finger Protein 577. 
a
 SNPs significantly associated in the present study and in BC GWAS. 

b
 Unadjusted Odds Ratio fitted for Additive Model 

Significant associations were shown in bold. 

Total number per SNP may vary because of missing values. 

Table 3.8: Association of SNPs significantly identified in GWAS on obesity related traits and risk of Breast Cancer 
SNP ID Chr Gene Symbol SNP Location Major: Minor allele MAF

a
 Phenotype Case/Control OR

b
 95% CI p-value 

rs2116830 10 KCNMA1 UTR C:A 0.03 Obesity 1192/1205 1.51 1.11-2.06 0.009 

rs2274459 6 MLN Intergenic G:A 0.07 Obesity 1184/1203 0.74 0.59-0.93 0.010 

rs16867321 2 CWC22 Intergenic C:T 0.35 Obesity 1189/1195 0.88 0.78-0.99 0.036 

rs987237 6 TFAP2B Intron A:G 0.20 BMI 1182/1198 1.18 1.03-1.36 0.020 

rs2287019 19 QPCTL Intron C:T 0.14 BMI 1193/1204 1.19 1.02-1.40 0.031 

Abbreviation: BMI, Body Mass Index; Chr, Chromosome; CI, Confidence Interval; CWC22, CWC22 spliceosome-associated protein homolog; D; GWAS, Genome Wide 

Association Studies; KCNMA1, Potassium Channel, Calcium-Activated, Large Conductance, Subfamily M, Alpha Member 1; MAF, Minor Allele Frequency; MLN, Motilin; 

OR, Odds ratio; QPCTL, Glutaminyl-Peptide Cyclotransferase-Like; SNP, Single Nucleotide Polymorphism; TFAP2B, Transcription Factor Ap2-Beta; UTR, Untranslated 

Region. 
a
 Minor Allele Frequency in controls. 

b 
Unadjusted Odds Ratio fitted for Additive model. 

Total number per SNP may vary because of missing values. 
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Table 3.9: Association of SNPs selected from Candidate Studies and risk of Breast Cancer 
SNP ID Chr Gene Symbol SNP Location Major: Minor allele MAF

a
 Phenotype Case/Control OR

b
 95% CI p-value 

rs2420946 10 FGFR2 Intron C:T 0.38 Breast cancer 1187/1194 1.17 1.04-1.32 0.010 

rs3218408 7 XRCC2 Intron T:G 0.19 Breast cancer 1181/1197 1.17 1.01-1.35 0.031 

rs1641535 17 ATP1B2 Intergenic G:A 0.21 Breast cancer 1187/1193 1.16 1.01-1.33 0.039 

rs1641536 17 ATP1B2 Intergenic G:A 0.21 Breast cancer 1189/1197 1.15 1.01-1.33 0.043 

rs861539 14 XRCC3 Coding C:T 0.18 Breast cancer 1191/1184 1.16 1.00-1.34 0.044 

rs2233660 17 PHB Intergenic T:C 0.11 Others 1194/1204 1.21 1.02-1.44 0.034 

Abbreviations: ATP1B2, ATPase, Na+/K+ transporting, beta 2 polypeptide; Chr, Chromosome; CI; Confidence Interval; FGFR2, Fibroblast Growth Factor Receptor 2; 

MAF, Minor Allele Frequency; OR, Odds Ratio; PHB, Prohibitiin; SNP, Single Nucleotide Polymorphism XRCC3, X-Ray Repair Cross Complimenting Defective gene 3. 
a
 Minor Allele Frequency in controls. 

b 
Unadjusted Odds Ratio fitted for Additive model. 

Total number per SNP may vary because of missing values. 

 

Table 3.10: Association of Obesity related SNPs selected using Bioinformatics tool and risk of Breast Cancer 

SNP ID Chr Gene Symbol SNP Location Major: Minor allele MAF
a
 Case/Control OR 

b
 95% CI p-value 

rs11594610 10 TCF7L2 Intron G:A 0.08 1194/1204 0.72 0.58-0.91 0.005 

rs2161829 2 INSIG2 Intron C:T 0.44 1190/1198 1.18 1.05-1.33 0.005 

rs4362 17 ACE Coding C:T 0.36 1172/1180 0.84 0.74-0.95 0.005 

rs11121832 1 MTHFR Intron C:T 0.27 1194/1201 1.16 1.02-1.32 0.024 

rs1474347 7 IL6 Intron T:G 0.12 1193/1202 1.21 1.02-1.43 0.030 

rs4293 17 ACE Intron A:G 0.42 1185/1200 0.88 0.78-0.99 0.031 

rs3774261 3 ADIPOQ Intron G:A 0.34 1184/1199 1.14 1.01-1.28 0.037 

rs11196219 10 TCF7L2 Intron G:A 0.33 1187/1198 0.88 0.78-0.99 0.044 

rs11872992 18 MC4R Intergenic G:A 0.18 1186/1201 0.86 0.73-0.99 0.050 

Abbreviations: ACE, Angiotensin I-Converting Enzyme; ADIPOQ, Adiponectin, C1Q And Collagen Domain Containing; Chr, Chromosome; CI, Confidence Interval; IL6, 

Interleukin 6; INSIG2, Insulin-Induced Gene 2; MAF, Minor Allele Frequency; MC4R, Melanocortin 4 Receptor; MTHFR, Methylenetetrahydrofolate reductase;  OR, Odds 

Ratio; TCF7L2, Transcription Factor 7-Like 2.  
a
 Minor Allele Frequency in controls. 

b 
Unadjusted Odds Ratio fitted for Additive model. 

Total number per SNP may vary because of missing values. 
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Table 3.11: Association of selected SNPs
a
 and risk of BC stratified by WHR  

SNP ID 
Gene 

Name 

WHR 

P interaction 0.85-0.94 ≥0.95 

OR
b
(95% CI) p-value OR

b
 (95% CI) p-value 

rs11594610 TCF7L2 1.72 (1.22-2.43) 0.002 1.99 (1.0009-3.98) 0.050 0.535 

rs2161829 INSIG2 2.40 (1.88-3.07) <0.001 3.63 (2.64-4.99) <0.001 0.745 

rs4362 ACE 1.78 (1.41-2.24) <0.001 2.71 (1.98-3.72) <0.001 0.696 

rs2116830 KCNMA1 2.77 (1.72-4.47) <0.001 3.44 (1.67-7.09) 0.001 0.480 

rs2274459 MLN 1.58 (1.13-2.21) 0.007 2.39 (1.13-5.04) 0.021 0.756 

Abbreviations: ACE, Angiotensin I-Converting Enzyme; BC, Breast Cancer; CI, Confidence Interval; INSIG2, 

Insulin-Induced Gene 2; KCNMA1, Potassium Channel, Calcium-Activated, Large Conductance, Subfamily 

M, Alpha Member 1; MLN, Motilin; OR, Odds Ratio; SNP, Single Nucleotide Polymorphism; TCF7L2, 

Transcription Factor 7-Like 2; WHR, Waist-to-Hip Ratio. 
a
 SNPs significantly associated with BC in present study and related to obesity (Bioinformatics tool & 

GWAS) previously.
  

b
 Unadjusted Odds Ratio fitted  with WHR ≤0.84 and homozygous dominant with 1 df as reference. 

Estimated using multiplicative interaction logistic regression model between SNP and WHR 

 

 

3.6 Discussion 

This is the first study in Indian population to study large number of SNPs using large sample 

size with a main aim to replicate SNPs which were observed to be associated in GWAS of BC 

in other populations.  

The present case-control study was conducted using the GoldenGate assay to evaluate 384 

SNPs in about 200 candidate genes in 1204 cases and 1212 controls. The study replicated the 

SNPs associated with BC, which had been previously identified in GWAS and Candidate 

Studies. As obesity is an important trait associated with BC, the study also includes the SNPs 

related to obesity identified by GWAS or Bioinformatics tool.  

The strength of the study is that the GGGT assay used for genotyping is more flexible method 

in terms of multiplexing than Taqman SNP genotyping assay [345]. All quality control steps 

recommended by manufacturer were accomplished successfully. It is reported to be highly 

accurate in humans with error rates in order of 0.3-0.4% [346]. The DNA before genotyping 

was quantitated using Picogreen dye.  A correlation co-efficient of 98% was observed 

between MAF of the present study and another ongoing study in South India. The sample size 
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was however, moderate and the study was not powered to detect a weak association for the 

SNPs which are less prevalent.  

3.6.1 SNPs selected from GWAS 

3.6.1A Breast Cancer 

Seven SNPs from BC GWAS were replicated in the present study. rs2420946, rs2981575, 

rs2981582 (significantly identified in additive model) and rs1219648 (significantly identified 

in recessive model) in intronic region of FGFR2 have shown to increase the risk of BC. SNPs 

in FGFR2 gene have attracted considerable attention for BC since it was first identified 

through genome-wide association approach [330,331]. FGFR2 is a member of a receptor 

tyrosine kinase gene superfamily, FGFR2 is a tumour suppressor gene that is amplified and 

overexpressed in 10–15% of breast tumours [347,348]. FGFR2 can transform human 

mammary epithelial cells [348], and inhibition of FGFR2 signalling can inhibit breast tumour 

cell proliferation [349]. 

Three meta-analyses and one case-control study showed that significantly increased BC risk 

was associated with rs2981582 and rs2420946 polymorphisms [247,350–352]. The 

association was observed in Caucasian, Asian [247], Arabic [353], African-American 

[354,355] and Non-Hispanic white women [356] .  

Studies have indicated that rs2981582 would upregulate FGFR2 expression in BC tissues by 

altering Runx2 and/or C/EBP β binding affinity, thereby influencing the propensity for 

tumour formation [357]. However, homozygotes of minor alleles at rs2981582 were 

significantly correlated with decreasing FGFR2 expression level in normal breast tissue [358]. 

Therefore, the precise mechanism of how FGFR2 risk alleles that span the putative enhancer 

region within intron 2 induce FGFR2 overexpression remains to be determined. rs2981582 

[247,352,356,359], rs1219648 [247,351,352,354–356,359], rs2420946  [247,351,352] have 

been significantly identified in many studies including case-control and GWAS across various 
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ethnicities. rs2981575 had the strongest association with BC risk (per allele Hazards Ratio = 

1.28, 95% CI: 1.18–1.39) [360]. rs2981575 (OR = 1.25; P = 0.007) and rs2981582 (OR = 

1.23, P =0.014) were significantly associated with ER+/PR+ BC. A similar association was 

observed in previous studies [356,361–363]. Thus FGFR2 is likely an important genetic 

marker contributing to susceptibility of BC in Indian population and it is recommended that 

these SNPs to be included in functional assays.  

rs10411161 located in the intronic region of ZNF577, attenuated the risk of BC in the present 

study in co-dominant CC v/s TT (OR = 0.78; 95% CI: 0.63–0.98), dominant (OR = 0.81; 95% 

CI: 0.68–0.96) and additive model (OR = 0.88; 95% CI: 0.79–0.99). However the GWAS 

showed an increased association in stage I of the analysis (OR = 1.42; 95% CI: 1.22–1.65). In 

stage II rs10411161 showed deviation from HWE [333]. Therefore, SNP rs10411161 would 

require further scrutiny and validation from independent studies 

rs10871290, a T to C polymorphism in the intergenic region of GLG1 (Golgi Apparatus 

Protein 1) was observed to be protective against the risk of BC in recessive model and 

genotypic model (TT v/s CC). A similar protective association was observed in haplotype 

association tests using GWA case-control pilot study. However, in single marker analysis, 

rs10871290 was not statistically significant after correction for multiple testing [364]. 

Nevertheless, without systematic replication, association of rs10871290 in relation to BC risk 

should be interpreted with caution. 

rs2046210, located 180 kb upstream of the transcription initiation site of the first coding exon 

of the ESR1 gene, was successfully replicated and associated with an increased risk of BC in 

the additive and dominant model. This association was first reported by Zheng et al. [365]. 

However, several subsequent replication studies could not reach consistent results; for 

example, Stacey et al. [366] failed to validate the association in Europeans, and similarly, 

Campa et al. [361] were also unable to replicate the findings in Asians. A meta-analysis 
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showed that the polymorphism had a larger effect on Asians than on Europeans or Africans 

[367], whereas another recent meta-analysis showed significant association in Asians and 

Europeans and not in Africans [368]. Potential explanations for the discrepancy could be the 

modest effect of this SNP and the diverse genetic backgrounds of the different ethnic groups. 

Considering the relative vicinity of rs2046210 to the ESR1 gene, it was speculated that the 

SNP itself or causal variants in LD with it might alter ESR1 gene expression, thus affecting 

the susceptibility to BC. However, the functional genomic analyses and in vitro functional 

experiments conducted by Cai et. al [369] provided no support for the potential involvement 

of this polymorphism in the regulation of ESR1. The function of this SNP therefore is still 

unclear; future fine-mapping of the BC susceptibility loci tagged by rs2046210 is warranted 

and the underlying biological mechanism of this polymorphism still needs further 

investigation. On stratification, rs2046210 showed an increased association with ER-/PR- and 

TNBC and in postmenopausal women. This association is consistent with literature suggested 

that rs2046210 tended to increase BC risk in ER- tumours by a greater magnitude compared 

to ER+ tumours [368,370,371]. The association of rs2046210 with TNBC and not with 

hormone receptor tumours was also observed previously in many studies [372,373].  

TNBC is defined in part by the absence of expression of ERs, it can be speculated that 

inherited variation may downregulate ESR1 expression and promote formation of ERα -

negative tumours. However, studies in mice have shown that the mammary stem cell 

compartment can be regulated by 17β-estradiol and progesterone through a paracrine-

signaling mechanism from steroid receptor positive luminal cells to steroid receptor – 

negative stem [354,355]. Thus, SNPs in the ESR1 locus may promote expansion of receptor-

negative precursors and subsequent development of triple-negative tumours. 
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rs6556756 located in the intergenic region of Methionine Adenosyltransferase II, Beta 

(MAT2B) showed a protective association in TT v/s GG genotype (OR = 0.50; 95% CI: 0.25–

0.97) which was successfully replicated as suggested in previous reports [374,375].  

The minor allele (G) frequency of rs865686 (MAF=0.13) obtained in the study was 

comparable to the Asians (MAF =0.09) which warrants the similarity with the sub-ethnicities 

of Asia [0.12 for controls from the Indian subcontinent (N = 99); 0.09 for controls from South 

East Asia (N = 660); P = 0.21]. The MAF was significantly higher among European (MAF = 

0.38) as compared to the Asians [376].  

The association of rs865686 was replicated in the present study using the co-dominant, 

dominant and additive model which suggests a strong evidence of inverse association. Large 

scale GWAS studies have warranted the association of rs865686 at 9q31.2 with risk of BC 

[244,376,377]. The mechanism behind this association is not known, however, it could be 

attributed to the fact that rs865686 (9q31.2) lies more than 600 kb from the nearest genes, 

KLF4 and RAD23B which are both attractive candidates for mediating an effect on BC risk. 

Recent functional studies of rs6983267 (a colorectal cancer risk locus mapping to 8q24.21.) 

have shown that physical interaction between a causal variant and its target (the MYC proto-

oncogene) can occur over a large distance (~335 kb) [378,379]. 

The common variants rs889312 (P = 0.011) and rs16886165 (P = 0.003) using the additive 

model in MAP3K1 increased the risk of BC. These SNPs lie in a LD block of approximately 

280 kb which includes MAP3K1 gene [352]. The MAP3K1 gene encodes a 196-kDa 

serine/threonine protein kinase that activates the extracellular signal regulated kinase (ERK), 

c-Jun NH2-terminal kinase (JNK) and nuclear factor-kB (NF-kB) pathways [380]. The 

downstream signal transductions regulate the survival, differentiation, proliferation and 

apoptosis of cell, and appear to be involved in tumour development and tumour progression 

[381–383]. The causal variant may be closer to rs16886165 than rs889312 [362] thus showing 
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a positive association with BC. These 2 SNPs may have effects on the modulation of 

MAP3K1 expression and therefore the tuning of MAPK signal transductions. The SNP 

rs889312 in MAP3K1 was identified to be associated with BC risk by GWAS [330], with 

confirmation of the association in European ancestry population by another study [384].  

Previous studies suggested that rs889312 in MAP3K1 gene was related to ER+ BCs, which 

was confirmed by stratified analysis by ER/PR in present study [385,386]. The association of 

rs889312 significantly increased the risk of postmenopausal BC but not premenopausal BC. 

A recent meta-analysis demonstrated that the rs889312 and rs16886165 SNPs in MAP3K1 

were associated with increased BC susceptibility. When stratified by ethnicity, the rs889312-

C allele showed to be a risk factor for the development of BC in European and Asian ancestry 

populations, but not in Africans [386]. rs16886165 have been identified as a low-penetrance 

risk factor for BC in European ancestry population by GWAS [245,386]. The pooled result of 

the recent meta-analysis indicated that the rs16886165-G allele conferred BC risk in Asian 

and African ancestry population [386]. 

Forty SNPs out of 47 included in the final analysis replicated from BC GWAS weren’t 

associated in the present study, as the study was not powered to detect the association of 

SNPs with prevalence below 20% (N=6). The SNPs (N=25) which had MAF ≥ 20% and still 

did not show association implied that such SNPs may not be a risk factor in the study 

population. Three SNPs (rs11249433, rs6504950 and rs999737) which were previously 

reported to have MAF ≥ 20% but below 20% in the present study suggests that their 

attributable risk is low and their contribution to the disease development would be less 

important due to low prevalence. 

3.6.1B Other-traits 

Loci rs10980926 (Recessive model) and rs6575793 (Dominant model) which have been 

associated with age at menarche previously [387] have shown to be associated with modest 
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increase in BC risk. Further a Chinese study evaluated the SNPs associated with age at 

menarche identified in European population in BC cases and found an increased association 

which comprised of approx. 2000 BC cases [388].  

The SNPs which had been associated with BMI and obesity in GWAS have shown an 

association with BC susceptibility in the present study. BC risk is largely driven by obesity 

[112,139,149–153]. Many studies have shown that body weight and obesity are strongly 

influenced by genetic factors, with heritability estimates in the range of 65–80% [389]. 

Genetic variants in several genes are known to influence BMI, but these mutations are rare 

and often cause severe monogenic syndromes with obesity [390]. Large-scale meta-analysis 

of multiple GWAS identified additional genes harboring common SNPs that associate with 

BMI [391–394]. GWASs have also found associations with measures of body fat distribution 

[391,395].  

Loci rs2287019 (additive) [396–401], rs2867125 (recessive), rs2922763 (recessive) and 

rs987237 (additive, dominant, genotypic) which have been previously observed as a risk 

factor for BMI [396–401] have increased the risk of BC in the present study. Other obesity 

SNPs such as rs2116830 (additive), rs374748 (recessive) and rs988712 recessive and 

genotypic) [402,403] also showed an increased risk, whereas rs10953454 (recessive), 

rs16867321 (additive, dominant), rs2274459 (additive, dominant) and rs925642 (recessive) 

[350,402] showed an inverse relation with BC.  

The mechanism of obesity/BMI SNPs in the BC susceptibility is not known however the 

genes in which these belong or are near the gene can help in elucidating their action. 

Transmembrane Protein 18 (TMEM18) gene which may be participating in the appetite 

signalling system [397] partly explain the risk associated with rs2867125 and rs12990777. 

KCNMA1 channels enhances proliferation of human pre-adipocytes in vitro [404]. It is 

intriguing since it has been shown that there is a high rate of adipocyte turnover in vivo; with 
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about 10% of fat cells being renewed annually. Furthermore, adipocyte number is a major 

determinant for the fat mass in adults [405]. Thus, KCNMA1 (rs2116830) could 

hypothetically contribute to obesity and hence BC. The Brain-Derived Neurotrophic Factor 

(BDNF) (rs988712) is involved in catabolic pathway [406]. 

3.6.2 SNPs selected from Candidate Studies 

3.6.2A Breast Cancer 

rs1056836 (Val432Leu) located in the Untranslated Region (UTR) of Cytochrome P450 

subfamily I dioxin-inducible polypeptide 1 (CYP1B1) with a C to G polymorphism had a 

prevalence of 0.21. The risk increased to 1.58 (95% CI: 1.07–2.34) for CC to GG variant in 

the present study. The change in amino acid from valine to leucine has shown to increase the 

activity of the CYP1B1 enzyme on a variety of substrates, including procarcinogens and 

gonadal steroid hormones [407]. The increased formation of 4-hydroxyestrone induced by the 

CYP1B1 enzyme could be a possible risk factor for BC [408]. Paracchini et.al showed [409] 

that women with the leucine substitution had higher 2-/16-hydroxyestrone metabolites than 

women carrying the other CYP1B1 genotypes, which implies the association of rs1056836 in 

the study population. This increased risk was also observed in African-American population, 

however, no significant association could be estimated for Asian population in other study 

[410].  

rs1641535 and rs1641536 in the promoter region of ATPase, Na+/K+ transporting, beta 2 

polypeptide (ATP1B2) showed a slight increased risk of BC in additive model [OR = 1.16; 

95% CI: 1.008–1.33 and OR = 1.15; 95% CI: 1.01–1.33 respectively]. The 2 SNPs reported to 

be in strong LD have shown an inverse association which could be attributed to the different 

minor allele observed in the present study and the case-control study conducted in Norwegian 

and Polish population [411].  
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Allele frequency of rs1695 was 26% which is almost comparable with the previously reported 

studies in Asian population. A protective association was observed in heterozygous mutants 

in the present study. An A to G polymorphism at nucleotide 313 in the Glutathione S-

Transferase Pi (GSTP1) gene leads to an amino acid change (Ile105Val, rs1695). However a 

meta-analysis showed no significant association [412]. A pooled analysis also did not show 

any association between polymorphism and risk of BC [413]. This suggests that the 

association of SNPs might be different in different populations.  

An increased risk was observed in homozygous variant (P = 0.008) and recessive model (P = 

0.008) in rs2070744 in the promoter region of NOS3 gene A meta-analysis of 3 studies on 

Asian population have shown reduced risk of BC which is inconsistent to the results of 

present study [414]. However largely the results from various case-control studies have been 

inconclusive suggesting that the association of rs2070744 needs further confirmation from 

large genome wide analysis. 

The SNP rs2287499 in WRAP53 showed a protective association for homozygous mutants (P 

= 0.027) and in recessive model (P = 0.01). This is inconsistent with results from a case-

control study on Norwegian and Polish population which showed a different association 

among ER+/PR+ (OR = 1.02; 95%CI: 0.87–1.19) and ER-/PR- (OR = 1.42; CI: 1.18–1.71)  

tumours [411]. Therefore, possibility of chance could not be excluded in the association of 

rs2287499 and BC risk 

An increased risk (OR = 1.17; 95% CI: 1.01–1.35) was observed in the additive model for 

rs3218408 in intronic region of X-ray Repair Complementing defective repair in Chinese 

hamster cells 2 (XRCC2). The mechanism through which the polymorphism in XRCC2 alters 

the risk of BC is that XRCC2-deficient cells [415] show a greater than 100 fold reduction in 

homologous recombination repair compared to XRCC2-proficient cells [416–418]. As meta-
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analysis also showed an overall recessive OR of 1.33 (95% CI: 1.12–1.57) [419], the 

association observed in the present study could be real. 

The results of the present study indicate an increase in association with rs5275 in 

Cyclooxygenase-2 (COX-2) (OR = 1.20; 95% CI: 1.008– 1.43; P = 0.040) for genotype TT 

v/s CT. rs5275 located in the UTR of COX-2 could influence the risk of BC, through altering 

the levels of expression or activity of the Prostaglandin-endoperoxide Synthase 2 (PTGS2) 

enzyme, which is responsible for transforming arachidonic acid into prostaglandins. There are 

conflicting results in the literature with respect to the role of rs5275 in which one study has 

shown positive association [420] and others have shown no association [421–423]. There 

were some studies which indicated that women homozygous for the rs5275 C allele have a 

20% lower risk of BC than those homozygous for the T allele (OR = 0.80, 95% CI: 0.66– 

0.97) [424]. This reduced risk was confirmed by Zhu et al. [425] in a meta-analysis. Taken 

together, these studies appear to suggest no strong influence of rs5275 SNP on BC risk. The 

present work indicates that variant in the 3’ UTR of COX-2 do not appear to greatly influence 

BC risk, as the apparent risk association found for rs5275 SNP was limited to heterozygotes 

with a low OR value and borderline significance. However, the apparently negative results do 

not exclude potential low risks (i.e., OR < 1.5), whose detection with high level of statistical 

significance (P < 0.001) would require large individual studies or meta-analysis (N > 6000). 

The present study showed an increased association of BC with rs861539 (OR = 1.16; P = 

0.044) in the additive model. rs861539, a Thr241Met substitution is the most thoroughly 

investigated polymorphism in X-ray Repair Complementing defective repair in Chinese 

hamster cells 3 (XRCC3) gene due to a (C to T) transition at exon 7 codon 241. A modest 

association between the homozygous variant genotype of the T241M allele of XRCC3 and BC 

risk was first reported in a study in the United Kingdom [426]; however, most subsequent 

studies in Caucasian populations [427–433] have not confirmed this association. Three meta-
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analyses of published data suggested a very small increase in risk among women homozygous 

for the methionine allele [434–436].  

In contrast, a review which included 5 studies on XRCC3 polymorphisms and BC association 

consortium which included participants from Europe, the United States, Australia and Asia 

did not show any association with BC risk [437,438].  A recent meta-analysis confirmed that 

the T allele was associated with elevated BC risk mainly following a recessive model (pooled 

OR = 1.064, 95% CI: 1.007–1.124, fixed effects), given that the effect was more pronounced 

in homozygous carriers (pooled OR = 1.073, 95% CI: 1.010–1.140, fixed effects) [439]. In 

conclusion, the present study supports the fact that the XRCC3 could not be a major increased 

risk factor for BC but it might represent a low-penetrance susceptible gene. 

3.6.2B Other SNPs 

The present study had also performed genotyping on the SNPs which had been suggested by 

the Collaborators on the basis of animal experiments. These SNPs haven’t been studied in 

epidemiologic studies and the causality of their association with risk of BC should be verified 

using large scale studies.  

rs10489525 in the Cold Shock Domain Containing E1, RNA-binding (CSDE1) gene showed 

an increased risk of BC in heterozygous mutants and in dominant model (P = 0.033 and P = 

0.023 respectively). rs2233660 located in the intergenic region of Prohibitin (PHB) gene had 

also shown an increased risk in 3 of the 4 models fitted (TT v/s CT, P = 0.018). PHB is 

evolutionarily conserved, and its product is proposed to play a role in human cellular 

senescence and tumour suppression. Antiproliferative activity is reported to be localized to 

the 3' UTR, which is proposed to function as a trans-acting regulatory Ribose Nucleic Acid 

(RNA). rs2240123 (P = 0.044; Recessive model) in Chromobox protein homolog 1 (CBX1); 

rs274586 (P = 0.029; Recessive model) and rs489990 (P = 0.036; AA v/s GG) located in 
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intronic region of Troponin I Type 3 Interacting Kinase (TNNI3K) [440] have shown to be 

associated with BC risk.   

3.6.3 SNPs selected using Bioinformatics Tool 

The total number of SNPs selected using this criterion were 127. The findings of the present 

study suggest an association of SNPs using four different models namely genotypic, additive, 

recessive and dominant in 12 obesity genes with BC namely E26 transformation-specific 

variant 5 (ETV5), Mitochondrial Carrier Homolog 2 (MTHFR), TCF7L2, Melanocortin 4 

Receptor (MC4R), TMEM18, Interleukin 6 (IL6), Glucoseamine-6-Phosphate Deaminase 2 

(GNPDA2), INSIG2, Adiponectin, C1Q and Collagen Domain Containing (ADIPOQ), Leptin 

(LEP), ACE and Angiotensinogen (AGT). The SNPs were identified for the first time in the 

BC etiology and hence need further validation, particularly as they were not significant after 

correction for multiple comparisons. The SNPs in genes MTHFR (rs11121832; P = 0.007; CC 

v/s CT), TMEM18 (rs12990777; P = 0.030; AA v/s AG), IL6 (rs1474347; P = 0.030; 

Additive model), INSIG2 (rs2161829; P = 0.007; CC v/s TT), ADIPOQ (rs3774261; P = 

0.037; Additive model) LEP (rs4236625; P = 0.020; AA v/s TT) and AGT (rs7079; P = 0.048; 

CC v/s AA) were positively associated with risk of BC whereas the SNPs in TCF7L2 

(rs11196219; P = 0.042 GG v/s AG and rs11594610; P = 0.001; GG v/s AG), MC4R 

(rs11872992; P = 0.050; Additive model), GNPDA2 (rs16857402; P = 0.033; TT v/s CT), 

ACE gene (rs4293; P = 0.031; Additive model and rs4362; P = 0.006; CC v/s TT) and ETV5 

(rs9831938; P = 0.036; CC v/s TT) reduced the risk of BC.  

rs2161829 present in the intronic region of INSIG2 which has been functionally linked to 

obesity due to its role in cholesterol and fatty acid synthesis feedback inhibition [441,442].  

rs3774261 in ADIPOQ  identified as a risk factor of BC in present study, may play a 

regulatory role in the expression of metabolic traits in obesity-associated chronic disease 

[443,444]. rs3774261 is known to strongly associate with serum adiponectin level [445,446]. 
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Introns are non-coding regions of a gene; however, there is evidence that introns of the 

protein-coding gene transcripts can affect gene expression by repressing translation or 

cleaving RNA  transcripts [447]. In particular, rs3774261 is an intronic enhancer, and thus 

could affect protein levels via enhancing transcription and thus increasing the risk of BC. No 

association studies have been conducted on SNPs selected from Bioinformatics tool and risk 

of BC suggesting that these associations can more likely be due to chance. Therefore more 

epidemiologic studies are required to interpret the results of observed associations between 

obesity genes and BC risk.  

3.6.4 Gene-Environment Interaction 

Increase in the point estimates for SNPs with increase in WHR indicates that independent 

association observed for these SNPs might not be false positive. However whether the joint 

effect of SNPs and WHR is more (or less) than multiplicative needs to be replicated with 

larger sample size as multiplicative interaction was not significant. 

3.7 Summary 

The present study could replicate 7 SNPs from BC GWAS. Five SNPs were successfully 

replicated out of 42 Candidate SNPs of BC used for analysis. SNPs selected from FGFR2 

gene were positively associated with BC. 25 SNPs which were identified as a risk factor for 

BC in the GWAS conducted in other populations did not replicate in the Indian population, 

even though their prevalence was high (≥ 20%) indicating that they may not be a risk factor in 

Indian population. The 3 SNPs which were highly prevalent in GWAS population could not 

be replicated even if they were associated the attributable risk of the SNPs remains low due to 

their low prevalence in the present study population. The SNPs associated with ER+/PR+ and 

ER-/PR- BCs were observed to be different suggesting that the cancer stratified on hormone 

receptor status may differ due to different biological pathways.  

The genetic susceptibility of SNPs associated with BMI and obesity in various GWAS were 
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associated with BC risk suggesting that BC is mainly driven by genes related to obesity. 

Fourteen SNPs selected using Bioinformatics tool from candidate genes associated with 

obesity were first time identified to be strongly associated with the BC risk and hence need 

further validation.  
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4.1 Conclusion 

The BC incidence is increasing in India and recent estimates suggest that it is the most 

common malignancy among females. The incidence of BC in rural areas is reported to be less 

than half of that observed in urban areas. The current study was therefore undertaken to 

understand the lifestyle and genetic factors with a focus to identify the reasons for differences 

in rural and urban regions. As the risk factors differ in pre- and postmenopausal women, a 

focus was to identify the similarity and differences in risk factors by menopausal status.   

The major highlights of the work are as follows (Table 4.1):  

The study enrolled 1637 cases and 1515 controls and data was obtained on reproductive 

factors and anthropometric measurements among other important lifestyle related variables.  

The lifestyle related risk factors associated with BC after adjusting for confounding variables 

are as follows: 

1. The first twenty years of life spent in rural area is protective for BC after adjustement for 

well known risk factors including age, region of residence, education, height, WHR, age 

at first full-term pregnancy and menopausal status. This suggests that exposures in early 

life may be more important in the development of BC compared to current exposures as 

current residence does not show any protection after controlling for important risk 

factors. 

2. This is the first study to observe the prevalence of HR status in women who were 

currently residing, lived for first twenty years and never lived in rural areas. Prevalence 

of TNBC is higher in rural area (44.21%) as compared to urban area (34.39%). 

3. For every 2 year increase in the age at first full-term pregnancy there is a 10% increase in 

risk of BC.  

4. Longer duration of current OC use increases the risk of BC cases in urban women.  

5. No association could be observed with breastfeeding possibly due to homogeneity in the 
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study population. 

6. Spontaneous abortion showed a protective association against the development of BC 

which could have attributed to the protection acquired from pregnancy. 

7. Central obesity measured by WC and WHR is more important than BMI in increasing 

risk of pre- and postmenopausal BC in India women. 

8. Increase in body size from age 10 to age 20 increases the risk of BC indicating 

accelerated growth in teenage years play an important role in BC etiology. 

9. Low BMI increases the risk of both pre- and postmenopausal BC. This new finding from 

the study needs further replication. 

10. For every 5 cm increase in height there is an increase of premenopausal BC with OR = 

1.24 (95% CI: 1.12–1.37). 

The study thus identified the reasons for differences in BC in rural and urban India. The main 

reasons being low prevalence of following risk factors which were identified as strong 

predictors in the present study  

1. The mean age at first full-term pregnancy in rural areas was 20.59 whereas it was 22.68 

in urban areas (P <0.0001)  

2. Mean WC was 79.50 cm in rural areas and in urban areas it was found to be 83.85cm (P 

< 0.0001).  

3. WHR had a mean of 0.84 in urban women and 0.83 in rural women (P = 0.0016). 

4. BMI in urban women who had attained menopause ≥ 10 years ago had a mean of 

25.83kg/m
2
 whereas the mean was 24.42 kg/m

2
 in rural women (P = 0.0002). 

The attributable risk for developing BC was estimated to be 9% and 2% for urban and rural 

women respectively if first full-term pregnancy occurs after age 25.  Similarly the attributable 

risk for developing BC for rural and urban women with WHR ≥0.95 respectively. In addition 

to lifestyle factors, genetic susceptibility also plays an important role in development of BC. 
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Therefore a large scale case-control study was conducted, a first in India, which attempts to 

replicate BC GWAS SNPs identified in the developed countries.  

The susceptibility of genetic factors in Indian population was estimated using GoldenGate 

genotyping assay performed on 1204 cases and 1212 controls for 384 SNPs.  

7 SNPs which were identified in GWAS on BC of other population were replicated in the 

present study while 25 SNPs were not identified as a risk factor even though they had a high 

prevalence (> 20%). SNPs in FGFR2 and MAP3K1 showed a strong positive association with 

BC risk. The association of other SNPs identified in BC GWAS could not be confirmed 

because of low prevalence of these SNPs in Indian population (N=15). The findings show that 

common genetic variants influence the pathological subtype of BC and provide further 

support for the hypothesis that ER+/PR+ and ER-/PR- disease are biologically distinct.  

 

Previously identified BC Candidate SNPs (N=5) were confirmed as risk factor for BC. 

rs1056836 (P = 0.019, CC v/s GG), rs2287499 (P = 0.027; CC v/s GG) are some of the SNPs 

identified from Candidate Studies. The study was successful in identifying new SNPs in 

obesity genes identified using Bioinformatics tool, however their association would have to 

be replicated in other studies particularly because they were not significant after adjusting for 

multiple comparisons. This also indicates that the lifestyle factors are more important than the 

genetic markers from public health point of view. 
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Table 4.1: Risk Factor Summary of Breast Cancer derived from Present Study 

Risk Factor Direction of Effect 

Association possibly causal 

Age at first full-term pregnancy >25 years versus, <20 ↑↑ 

Waist-to-hip ratio ↑↑ 

Tallness (Premenopausal) ↑↑ 

Large Waist Circumference ↑↑ 

High Body mass index (Postmenopausal-after 10 years of attaining 

menopause) 
↑ 

High Body mass index (Premenopausal) ↓ 

Spontaneous abortion ↓ 

Current Oral contraceptive use ↑ 

BC GWAS SNPs replicated  in genes ESR1, FGFR2, MAP3K1 (N=5) ↑ 

BC GWAS SNPs replicated  in genes ZNF577, 9q31.2 (N=2) ↓ 

BC Candidate SNPs in genes ATP1B2, FGFR2, XRCC2, XRCC3 (N=5) ↑ 

Weak association possibly causal 

Large Hip Circumference ↓ 

Increased number of full-term pregnancies ↓ 

Increased duration between menarche and first full-term pregnancy ↑ 

Association difficult to interpret causality 

Low BMI ↑ 

Induced abortion ↑ 

Increased duration since last birth ↓ 

Twin Pregnancy ↑ 

Obesity SNPs identified using Bioinformatics tool (p ≤0.03) in genes IL6, 

INSIG2, MTHFR (N=3) 
↑ 

Obesity SNPs identified using Bioinformatics tool (p ≤0.03) in genes ACE, 

TCF7L2 (N=3) 
↓ 

No association 

Menarche  at <12 years versus, >14 - 

Breastfeeding - 

BC GWAS SNPs not replicated (N=40) - 

Abbreviations: ACE, Angiotensin I-Converting Enzymee; ATP1B2, ATPase, Na+/K+ transporting, beta 2 polypeptide; 

BC, Breast Cancer; COX-2, Cyclooxygenase-2; CYP1B1, Cytochrome P450 subfamily I dioxin-inducible polypeptide 

1; ESR1,Estrgen Receptor alpha; FGFR2, Fibroblast Growth Factor Receptor 2, GSTP1, Glutathione S-Transferase Pi; 

IL6, Interleukin 6; INSIG2, Insulin-Induced Gene 2; LEP, Leptin, MAP3K1, Mitogen-Activated Kinase Kinase Kinase 

1; MAT2B, Methionine Adenosyltransferase II, Beta; MTHFR, Methylenetetrahydrofolate Reductase; TCF7L2, 

Transcription Factor 7-Like 2; TMEM18, Transmembrane Protein 18; WDR79, WD repeat containing, antisense to 

TP53; XRCC2, X-Ray Repair Cross Complimenting gene 2;   XRCC3, X-Ray Repair Cross Complimenting Defective 

gene 3. ↑↑: Moderate to large extent in risk, ↑: Slight increase in risk, ↓: moderate to large decreases in risk ,-: no 

association 
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4.2 Future Perspectives 

The study demonstrates that BC is preventable in India and is possible to reverse the 

increasing trend of BC. As living in a rural area protects from development of BC, public 

health authorities should spread the message about harmful effects of increase in central 

obesity and later age at first child-birth - factors that are less prevalent in rural areas.  The 

strategies to reduce BMI should consider the cut-off of 18.5 kg/m
2
 as BMI lower than this 

might increase the risk for pre- and postmenopausal BC. There is urgency to develop policies 

and the necessary infrastructure for early detection and improved medical care before BC 

reaches the “epidemic” proportions seen in many high-resource settings.  

Future studies on BC should include much more sophisticated measurement of central obesity 

and total body fat. Studies should also focus on role of nutrition and accelerated growth in 

teenagers and risk of BC. Given the role of obesity in BC etiology, possible role of 

inflammatory markers can also be studied.  

A relatively high proportion of TNBC represents an important feature of the study. With the 

difference in receptor status in rural and urban population, an obvious analysis on various 

lifestyle related factors stratified on receptor status should be followed to understand the 

etiologic differences which may operate differently across strata. 

Prevalence of certain SNPs are different in Indian population as compared to the West. Large-

scale GWAS are thus imperative as they could identify new loci for Indian population. 

Fourteen SNPs which were identified for the first time need replication from other Indian 

studies. Deep sequencing would be helpful to better understand the mechanism and 

identification of new loci in FGFR2 and MAP3K1. 
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Annexure 1: Summary of 384 Custom SNP Panel 
Chr Gene Symbol SNP ID SNP location MAF

 a
 Reason for Exclusion Major:Minor Allele Approach for selection Phenotype 

10 ACTA2 rs2234767 Intergenic 0.21 
 

G:A Candidate SNPs Breast Cancer 

3 AGTR1 rs5186 UTR 0.06 
 

A:C Candidate SNPs Breast Cancer 

7 AKAP9 rs6964587 Coding 0.39 
 

G:T Candidate SNPs Breast Cancer 

2 ALS2CR12 rs17468277 Coding 0.04 
 

C:T Candidate SNPs Breast Cancer 

11 ATM rs1801516 Complex 0.07 
 

G:A Candidate SNPs Breast Cancer 

17 ATP1B2 rs1641535
 b
 Intergenic 0.22 

 
G:A Candidate SNPs Breast Cancer 

17 ATP1B2 rs1641536
 b
 Intergenic 0.22 

 
G:A Candidate SNPs Breast Cancer 

20 AURKA rs2273535 Coding 0.32 
 

A:T Candidate SNPs Breast Cancer 

2 CASP8 rs1045485 Complex 0.04 
 

G:C Candidate SNPs Breast Cancer 

6 CDKN1A rs1801270 Coding 0.13 
 

C:A Candidate SNPs Breast Cancer 

22 COMT rs4680 Complex 0.42 
 

G:A Candidate SNPs Breast Cancer 

2 CTLA4 rs231775 Coding 0.33 
 

A:G Candidate SNPs Breast Cancer 

10 CXCL12 rs1801157 UTR 0.23 
 

G:A Candidate SNPs Breast Cancer 

10 CYP17A1 rs4919682 Intergenic 0.07 
 

C:T Candidate SNPs Breast Cancer 

10 CYP17A1 rs4919687 Intron 0.1 
 

G:A Candidate SNPs Breast Cancer 

2 CYP1B1 rs1056836
 b
 UTR 0.21 

 
C:G Candidate SNPs Breast Cancer 

18 ENOSF1 rs34489327 Complex NA Diffused cluster NA Candidate SNPs Breast Cancer 

17 ERBB2 rs1136201 Complex 0.13 
 

A:G Candidate SNPs Breast Cancer 

16 ERCC4 rs1800067 Coding 0.03 
 

G:A Candidate SNPs Breast Cancer 

14 ESR2 rs4986938 UTR 0.27 
 

G:A Candidate SNPs Breast Cancer 

10 FGFR2 rs2420946
 b
 Intron 0.4 

 
C:T Candidate SNPs Breast Cancer 

10 GATA3 rs570613 Intron 0.23 
 

A:G Candidate SNPs Breast Cancer 

11 GSTP1 rs1695
 b
 Coding 0.26 

 
A:G Candidate SNPs Breast Cancer 

12 HOXC9 rs11614913 Intergenic 0.27 
 

C:T Candidate SNPs Breast Cancer 

12 IFNG rs2430561 Intron NA Diffused cluster NA Candidate SNPs Breast Cancer 

7 LOC100129619 rs2854744 Intergenic 0.49 
 

C:A Candidate SNPs Breast Cancer 

1 MTHFR rs1801133 Coding 0.15 
 

C:T Candidate SNPs Breast Cancer 

8 NBN rs1805794 Coding 0.43 
 

C:G Candidate SNPs Breast Cancer 

7 NOS3 rs1799983 Coding 0.18 
 

G:T Candidate SNPs Breast Cancer 

7 NOS3 rs2070744
 b
 Intron 0.23 

 
T:C Candidate SNPs Breast Cancer 

16 NQO1 rs1800566 Coding 0.33 
 

C:T Candidate SNPs Breast Cancer 

11 PGR rs1042838 Coding 0.07 
 

G:T Candidate SNPs Breast Cancer 

7 POR rs10262966 Coding 0.07 
 

A:G Candidate SNPs Breast Cancer 

1 PTGS2 rs5275
 b
 UTR 0.38 

 
T:C Candidate SNPs Breast Cancer 

15 RAD51 rs1801320 UTR 0.13 
 

G:C Candidate SNPs Breast Cancer 

9 TGFBR1 rs11568785 Intron 0.03 
 

A:G Candidate SNPs Breast Cancer 

6 TNF rs1800629 Intergenic 0.05 
 

G:A Candidate SNPs Breast Cancer 

17 TP53 rs1042522 Coding 0.48 
 

C:G Candidate SNPs Breast Cancer 
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Chr Gene Symbol SNP ID SNP location MAF
 a
 Reason for Exclusion Major:Minor Allele Approach for selection Phenotype 

17 TP53 rs1625895 Intron 0.18 
 

G:A Candidate SNPs Breast Cancer 

17 TP53 rs17878362 Intron NA Diffused cluster NA Candidate SNPs Breast Cancer 

17 WDR79 rs2287499
 b
 Coding 0.26 

 
C:G Candidate SNPs Breast Cancer 

7 XRCC2 rs3218408
 b
 Intron 0.2 

 
T:G Candidate SNPs Breast Cancer 

14 XRCC3 rs1799794 UTR 0.41 
 

A:G Candidate SNPs Breast Cancer 

14 XRCC3 rs1799796 Intergenic 0.19 
 

A:G Candidate SNPs Breast Cancer 

14 XRCC3 rs861539
 b
 Coding 0.19 

 
C:T Candidate SNPs Breast Cancer 

11 ATM rs3092829 Intron NA MAF < 1% NA Candidate SNPs Others 

13 BIVM rs4743 UTR 0.39 
 

C:G Candidate SNPs Others 

17 CBX1 rs2240121 Intron 0.11 
 

T:C Candidate SNPs Others 

17 CBX1 rs2240123
 b
 Intron 0.25 

 
C:T Candidate SNPs Others 

17 CBX1 rs7215582 Intron 0.36 
 

G:A Candidate SNPs Others 

17 CBX1 rs8065670 Intron 0.19 
 

A:G Candidate SNPs Others 

1 CSDE1 rs10489525
 b
 Intron 0.48 

 
A:G Candidate SNPs Others 

1 CSDE1 rs6668128 Intron 0.21 
 

G:A Candidate SNPs Others 

2 DNAJC27 rs1172294 UTR 0.47 
 

A:G Candidate SNPs Others 

2 DNAJC27 rs13388020 Intergenic 0.05 
 

G:C Candidate SNPs Others 

2 DNAJC27 rs17046742 Intergenic 0.18 
 

G:A Candidate SNPs Others 

2 DNAJC27 rs17046751 UTR 0.07 
 

A:G Candidate SNPs Others 

2 DNAJC27 rs6545841 Intergenic NA Not in HWE NA Candidate SNPs Others 

13 ERCC5 rs1047768 Coding 0.46 
 

T:C Candidate SNPs Others 

13 ERCC5 rs4150355 Intron 0.34 
 

C:T Candidate SNPs Others 

13 ERCC5 rs751402 UTR 0.3 
 

C:T Candidate SNPs Others 

13 ERCC5 rs873601 UTR 0.27 
 

A:G Candidate SNPs Others 

3 GPX1 rs3811699 Intergenic 0.2 
 

A:G Candidate SNPs Others 

6 GSTA1 rs4715326 Intron 0.35 
 

T:C Candidate SNPs Others 

12 IFNG rs2069705 Intergenic 0.3 
 

T:C Candidate SNPs Others 

12 IFNG rs2069727 Intergenic 0.38 
 

A:G Candidate SNPs Others 

12 IFNG rs3181032 Intergenic 0.22 
 

T:G Candidate SNPs Others 

5 IL13 rs2243250 Intergenic 0.19 
 

C:T Candidate SNPs Others 

2 IL1B rs1143627 Intergenic 0.4 
 

C:T Candidate SNPs Others 

2 IL1B rs1143633 Intron 0.27 
 

G:A Candidate SNPs Others 

2 IL1B rs12621220 Intergenic 0.36 
 

C:T Candidate SNPs Others 

2 IL1B rs3136558 Intron 0.16 
 

T:C Candidate SNPs Others 

2 IL8RA rs1008563 Intergenic 0.35 
 

C:T Candidate SNPs Others 

2 IL8RA rs16858808 Coding 0.03 
 

C:T Candidate SNPs Others 

2 IL8RA rs16858811 Coding 0.04 
 

T:G Candidate SNPs Others 

2 IL8RB rs2854386 Intergenic 0.16 
 

G:C Candidate SNPs Others 

14 INSM2 rs2233406 Intergenic 0.28 
 

C:T Candidate SNPs Others 
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Chr Gene Symbol SNP ID SNP location MAF
 a
 Reason for Exclusion Major:Minor Allele Approach for selection Phenotype 

14 INSM2 rs3138045 Intergenic 0.19 
 

A:G Candidate SNPs Others 

14 NFKBIA rs3138055 Intergenic 0.27 
 

A:G Candidate SNPs Others 

14 NFKBIA rs4982269 Intergenic 0.29 
 

T:C Candidate SNPs Others 

14 NFKBIA rs8904 UTR 0.45 
 

C:T Candidate SNPs Others 

1 NRAS rs6671984 Intron 0.15 
 

T:C Candidate SNPs Others 

17 PHB rs2233660
 b
 Intergenic 0.12 

 
T:C Candidate SNPs Others 

17 PHB rs2233669 Intron 0.3 
 

A:G Candidate SNPs Others 

17 PHB rs2277637 Intron 0.03 
 

A:G Candidate SNPs Others 

17 PHB rs2898883 Intron 0.12 
 

G:A Candidate SNPs Others 

17 PHB rs6917 UTR NA Diffused cluster NA Candidate SNPs Others 

20 SNRPB rs2143862 Intergenic 0.19 
 

C:T Candidate SNPs Others 

20 SNRPB rs6049212 Intergenic 0.17 
 

G:A Candidate SNPs Others 

20 SNRPB rs6049288 UTR 0.2 
 

G:T Candidate SNPs Others 

20 SNRPB rs6138178 Intron NA Not in HWE NA Candidate SNPs Others 

1 TNNI3K rs11581900 Intron 0.33 
 

A:C Candidate SNPs Others 

1 TNNI3K rs274586
 b
 Intron 0.49 

 
G:C Candidate SNPs Others 

1 TNNI3K rs489990
 b
 Intron 0.14 

 
A:G Candidate SNPs Others 

1 TNNI3K rs7515072 Intron 0.24 
 

G:A Candidate SNPs Others 

1 TNNI3K rs7553158 Intron 0.41 
 

C:T Candidate SNPs Others 

9 9q31.2 rs865686
 b
 Intergenic 0.13 

 
T:G GWAS Breast Cancer 

13 ABCC4 rs1926657 Intron 0.31 
 

C:T GWAS Breast Cancer 

10 ANKRD16 rs2380205 Intergenic NA Diffused cluster NA GWAS Breast Cancer 

10 ATE1 rs10510102 Intron 0.1 
 

A:G GWAS Breast Cancer 

7 AUTS2 rs10263639 Intergenic 0.13 
 

T:C GWAS Breast Cancer 

11 BARX2 rs7107217 Intergenic 0.34 
 

C:A GWAS Breast Cancer 

2 BCL11A rs10490113 Intergenic 0.16 
 

A:C GWAS Breast Cancer 

19 C19orf62 rs8170 Coding 0.1 
 

C:T GWAS Breast Cancer 

6 C6orf97 rs3734805 UTR 0.08 
 

A:C GWAS Breast Cancer 

6 C6orf97 rs3757318 Intron 0.07 
 

G:A GWAS Breast Cancer 

11 CCND1 rs614367 Intergenic 0.16 
 

C:T GWAS Breast Cancer 

9 CDKN2BAS rs1011970 Intron 0.27 
 

G:T GWAS Breast Cancer 

17 COL1A1 rs2075555 Intron NA MAF < 1% NA GWAS Breast Cancer 

6 ESR1 rs2046210
 b
 Intergenic 0.37 

 
C:T GWAS Breast Cancer 

6 ESR1 rs9383951 Intron NA MAF < 1% NA GWAS Breast Cancer 

8 FAM84B rs13281615 Intergenic 0.49 
 

G:A GWAS Breast Cancer 

8 FAM84B rs1562430 Intergenic 0.23 
 

A:G GWAS Breast Cancer 

15 FBN1 rs1876206 Intron 0.13 
 

A:G GWAS Breast Cancer 

5 FGF10 rs10941679 Intergenic 0.39 
 

A:G GWAS Breast Cancer 

5 FGF10 rs4415084 Intergenic 0.48 
 

T:C GWAS Breast Cancer 
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 a
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10 FGFR2 rs1219648
 b
 Intron 0.39 

 
A:G GWAS Breast Cancer 

10 FGFR2 rs2981575
 b
 Intron 0.4 

 
T:C GWAS Breast Cancer 

10 FGFR2 rs2981579 Intron 0.41 
 

C:T GWAS Breast Cancer 

10 FGFR2 rs2981582
 b
 Intron 0.34 

 
C:T GWAS Breast Cancer 

16 GLG1 rs10871290
 b
 Intergenic 0.25 

 
T:C GWAS Breast Cancer 

21 GRIK1 rs458685 Intergenic 0.12 
 

T:C GWAS Breast Cancer 

5 HCN1 rs981782 Intron 0.2 
 

T:G GWAS Breast Cancer 

7 LOC647017 rs2048672 Intron 0.44 
 

G:T GWAS Breast Cancer 

1 LOC647121 rs11249433 Intron 0.17 
 

T:C GWAS Breast Cancer 

11 LSP1 rs3817198 Intron 0.37 
 

T:C GWAS Breast Cancer 

5 MAP3K1 rs16886165
 b
 Intergenic 0.36 

 
T:G GWAS Breast Cancer 

5 MAP3K1 rs889312
 b
 Intergenic 0.41 

 
A:C GWAS Breast Cancer 

5 MAT2B rs6556756
 b
 Intergenic 0.14 

 
T:G GWAS Breast Cancer 

14 RAD51L1 rs10483813 Intron NA Diffused cluster NA GWAS Breast Cancer 

14 RAD51L1 rs999737 Intron 0.12 
 

C:T GWAS Breast Cancer 

6 RNF146 rs2180341 Intron 0.41 
 

A:G GWAS Breast Cancer 

5 ROPN1L rs1092913 Intergenic 0.33 
 

G:A GWAS Breast Cancer 

3 SLC4A7 rs4973768 UTR 0.45 
 

C:T GWAS Breast Cancer 

17 STXBP4 rs6504950 Intron 0.16 
 

G:A GWAS Breast Cancer 

18 TCF4 rs1978503 Intergenic 0.12 
 

A:G GWAS Breast Cancer 

5 TERT rs10069690 Intron 0.29 
 

C:T GWAS Breast Cancer 

11 TNNT3 rs909116 Intron 0.37 
 

T:C GWAS Breast Cancer 

2 TNP1 rs13387042 Intergenic 0.49 
 

A:G GWAS Breast Cancer 

16 TOX3 rs3112612 Intergenic 0.47 
 

C:T GWAS Breast Cancer 

16 TOX3 rs4784227 Intergenic 0.23 
 

C:T GWAS Breast Cancer 

16 TOX3 rs3803662 Intergenic 0.29 
 

C:T GWAS Breast Cancer 

6 UST rs9485372 Intergenic 0.2 
 

G:A GWAS Breast Cancer 

10 ZMIZ1 rs704010 Intron 0.29 
 

G:A GWAS Breast Cancer 

10 ZNF365 rs10822013 Intron 0.5 
 

T:C GWAS Breast Cancer 

10 ZNF365 rs10995190 Intron 0.08 
 

G:A GWAS Breast Cancer 

19 ZNF577 rs10411161
 b
 Intron 0.46 

 
C:T GWAS Breast Cancer 

16 ADCY9 rs2444217 Intron 0.4 
 

C:T GWAS BMI 

11 BDNF rs925946 Intergenic 0.38 
 

G:T GWAS BMI 

3 CADM2 rs13078807 Intron 0.08 
 

A:G GWAS BMI 

2 DNAJC27 rs713586 Intergenic 0.45 
 

T:C GWAS BMI 

3 ETV5 rs7647305 Intergenic 0.23 
 

C:T GWAS BMI 

3 ETV5 rs9816226 Intergenic NA Call frequency < 95% NA GWAS BMI 

12 FAIM2 rs7138803 Intergenic 0.36 
 

G:A GWAS BMI 

2 FANCL rs887912 Intergenic 0.13 
 

G:A GWAS BMI 
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Chr Gene Symbol SNP ID SNP location MAF
 a
 Reason for Exclusion Major:Minor Allele Approach for selection Phenotype 

16 FTO rs6499640 Intron 0.46 
 

G:A GWAS BMI 

14 G2E3 rs11847697 Intergenic 0.09 
 

C:T GWAS BMI 

4 GNPDA2 rs10938397 Intergenic 0.38 
 

A:G GWAS BMI 

5 HMGCR rs2112347 Intergenic 0.42 
 

G:T GWAS BMI 

8 HNF4G rs2922763
 b
 Intergenic 0.3 

 
A:C GWAS BMI 

19 KCTD15 rs11084753 Intergenic NA Not in HWE NA GWAS BMI 

19 KCTD15 rs29941 Intergenic 0.44 
 

C:T GWAS BMI 

2 LRP1B rs2890652 Intergenic NA Diffused cluster NA GWAS BMI 

15 MAP2K5 rs2241423 Intron 0.33 
 

G:A GWAS BMI 

18 MC4R rs12970134 Intergenic 0.33 
 

G:A GWAS BMI 

18 MC4R rs17782313 Intergenic 0.33 
 

T:C GWAS BMI 

18 MC4R rs571312 Intergenic 0.34 
 

G:T GWAS BMI 

1 NEGR1 rs2568958 Intergenic 0.35 
 

A:G GWAS BMI 

1 NEGR1 rs2815752 Intergenic 0.36 
 

T:C GWAS BMI 

14 NRXN3 rs10150332 Intron 0.11 
 

T:C GWAS BMI 

6 NUDT3 rs206936 Intron 0.42 
 

A:G GWAS BMI 

1 PTBP2 rs1555543 Intergenic 0.45 
 

C:A GWAS BMI 

19 QPCTL rs2287019
 b
 Intron 0.15 

 
C:T GWAS BMI 

1 SEC16B rs10913469 Intron 0.18 
 

T:C GWAS BMI 

1 SEC16B rs543874 Intergenic 0.15 
 

A:G GWAS BMI 

16 SH2B1 rs7359397 Intron 0.17 
 

C:T GWAS BMI 

4 SLC39A8 rs13107325 Complex NA MAF < 1% NA GWAS BMI 

11 STK33 rs4929949 Intron 0.34 
 

T:C GWAS BMI 

6 TFAP2B rs987237
 b
 Intron 0.21 

 
A:G GWAS BMI 

2 TMEM18 rs2867125
 b
 Intergenic 0.2 

 
G:A GWAS BMI 

2 TMEM18 rs7561317 Intergenic 0.13 
 

G:A GWAS BMI 

1 TNNI3K rs1514175 Intron 0.48 
 

T:C GWAS BMI 

8 TRHR rs7832552 Intron 0.41 
 

C:T GWAS BMI 

19 ZC3H4 rs3810291 UTR 0.37 
 

G:A GWAS BMI 

14 BEGAIN rs6575793
 b
 Intron 0.48 

 
T:C GWAS Menstruation & menopause 

19 BRSK1 rs1172822 Intron 0.47 
 

T:C GWAS Menstruation & menopause 

11 BSX rs6589964 Intergenic 0.45 
 

A:C GWAS Menstruation & menopause 

17 CA10 rs9635759 Intergenic 0.29 
 

G:A GWAS Menstruation & menopause 

3 CADM2 rs7642134 Intergenic 0.41 
 

G:A GWAS Menstruation & menopause 

2 CCDC85A rs17268785 Intron 0.14 
 

A:G GWAS Menstruation & menopause 

6 CENPW rs1361108 Intergenic 0.3 
 

T:C GWAS Menstruation & menopause 

19 CRTC1 rs10423674 Intron NA Diffused cluster NA GWAS Menstruation & menopause 

18 FUSSEL18 rs1398217 Intron 0.45 
 

C:G GWAS Menstruation & menopause 

11 GAB2 rs10899489 UTR 0.27 
 

C:A GWAS Menstruation & menopause 
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Chr Gene Symbol SNP ID SNP location MAF
 a
 Reason for Exclusion Major:Minor Allele Approach for selection Phenotype 

3 GSF11 rs6438424 Intergenic 0.42 
 

A:C GWAS Menstruation & menopause 

6 HACE1 rs7759938 Intergenic 0.29 
 

T:C GWAS Menstruation & menopause 

7 INHBA rs1079866 Intergenic 0.12 
 

C:G GWAS Menstruation & menopause 

2 KCNJ3 rs17188434 Intergenic 0.03 
 

T:C GWAS Menstruation & menopause 

5 KDM3B rs757647 Intron 0.31 
 

C:T GWAS Menstruation & menopause 

3 KLHDC8B rs7617480 Intron 0.06 
 

C:A GWAS Menstruation & menopause 

6 LIN28B rs314277 Intron 0.14 
 

C:A GWAS Menstruation & menopause 

6 LIN28B, rs314280 Intron 0.38 
 

C:T GWAS Menstruation & menopause 

6 MCHR2 rs4840086 Intergenic 0.32 
 

A:G GWAS Menstruation & menopause 

20 MCM8 rs16991615 Complex 0.02 
 

G:A GWAS Menstruation & menopause 

20 MCM8 rs236114 Intron 0.19 
 

G:A GWAS Menstruation & menopause 

16 NFAT5 rs1364063 Intergenic 0.3 
 

T:C GWAS Menstruation & menopause 

16 PARN rs1659127 Intergenic 0.32 
 

G:A GWAS Menstruation & menopause 

20 PCSK2 rs852069 Intergenic NA Diffused cluster NA GWAS Menstruation & menopause 

5 PHF15 rs13187289 Intergenic 0.11 
 

C:G GWAS Menstruation & menopause 

11 PHF21A rs16938437 Intron 0.1 
 

C:T GWAS Menstruation & menopause 

8 PKIA rs7821178 Intergenic 0.47 
 

C:A GWAS Menstruation & menopause 

2 PLCL1 rs12617311 Intergenic 0.49 
 

G:A GWAS Menstruation & menopause 

11 RASSF10 rs900145 Intergenic NA Diffused cluster NA GWAS Menstruation & menopause 

3 RBM6 rs6762477 Intron 0.17 
 

A:G GWAS Menstruation & menopause 

1 RXRG rs466639 Intron 0.23 
 

C:T GWAS Menstruation & menopause 

1 SEC16B/ rs633715 Intergenic 0.14 
 

T:C GWAS Menstruation & menopause 

13 SOX1 rs7333181 Intergenic 0.09 
 

G:A GWAS Menstruation & menopause 

13 SOX1 rs9555810 Intergenic 0.26 
 

C:G GWAS Menstruation & menopause 

6 SYCP2L rs2153157 Intron 0.44 
 

C:T GWAS Menstruation & menopause 

3 TMEM108 rs6439371 Intergenic 0.43 
 

A:G GWAS Menstruation & menopause 

2 TMEM18 rs2947411 Intergenic 0.21 
 

C:T GWAS Menstruation & menopause 

9 TMEM38B rs2090409 Intergenic 0.16 
 

G:T GWAS Menstruation & menopause 

9 TMEM38B rs7861820 Intergenic 0.47 
 

T:C GWAS Menstruation & menopause 

11 TRIM66 rs4929923 UTR NA Diffused cluster NA GWAS Menstruation & menopause 

9 ZNF483 rs10980926
 b
 Intron 0.48 

 
G:A GWAS Menstruation & menopause 

6 ARG1 rs2807278 Intergenic 0.26 
 

T:C GWAS Obesity 

11 BDNFOS rs988712
 b
 Intron 0.27 

 
G:T GWAS Obesity 

2 CWC22 rs16867321
 a
 Intergenic 0.33 

 
C:T GWAS Obesity 

16 DYNLRB2 rs1424233 Intergenic 0.31 
 

A:G GWAS Obesity 

2 EML6 rs6726292 Intron 0.48 
 

A:G GWAS Obesity 

4 FAT1 rs925642
 b
 Intergenic 0.45 

 
A:G GWAS Obesity 

5 FBN2 rs374748
 b
 Intron 0.09 

 
A:G GWAS Obesity 

16 FTO rs1121980 Intron 0.4 
 

C:T GWAS Obesity 
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 a
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2 INHBB rs7581710 Intergenic 0.33 
 

A:G GWAS Obesity 

6 ITPR3 rs999943 Intron 0.28 
 

T:C GWAS Obesity 

10 KCNMA1 rs2116830
 b
 UTR 0.03 

 
C:A GWAS Obesity 

7 LHFPL3 rs10953454
 b 

 Intron 0.08 
 

G:A GWAS Obesity 

20 MACROD2 rs6110577 Intron 0.19 
 

T:C GWAS Obesity 

18 MC4R rs10871777 Intergenic NA Diffused cluster NA GWAS Obesity 

6 MLN rs2274459
 b
 Intergenic 0.06 

 
G:A GWAS Obesity 

11 MUC15 rs12295638 Intergenic 0.08 
 

T:C GWAS Obesity 

8 NAT1 rs17126232 Intergenic 0.09 
 

C:T GWAS Obesity 

21 NCAM2 rs11088859 Intron 0.04 
 

G:A GWAS Obesity 

18 NPC1 rs1805081 Coding 0.27 
 

A:G GWAS Obesity 

2 NRP2 rs7603514 Intergenic 0.19 
 

G:A GWAS Obesity 

14 NRXN3 rs11624704 Intergenic 0.17 
 

A:C GWAS Obesity 

13 PCDH9 rs17081231 Intron 0.11 
 

A:G GWAS Obesity 

10 PRF1 rs10999409 Intergenic 0.49 
 

T:C GWAS Obesity 

10 PTER rs10508503 Intergenic 0.02 
 

C:T GWAS Obesity 

3 RARB rs1435703 Intron 0.01 
 

G:T GWAS Obesity 

3 RFTN1 rs12635698 Intron 0.13 
 

T:C GWAS Obesity 

4 TRAM1L1 rs10433903 Intergenic 0.46 
 

T:C GWAS Obesity 

16 WWOX rs9923451 Intron NA Call frequency < 95% NA GWAS Obesity 

10 ZNF248 rs7474896 Intergenic 0.05 
 

C:T GWAS Obesity 

7 TNS3 rs700752 Intergenic 0.26 
 

C:G GWAS IGF 

12 ITPR2 rs718314 Intergenic 0.25 
 

T:C GWAS WHR 

3 MAGI1 rs6795735 Intergenic 0.24 
 

T:C GWAS WHR 

17 ACE rs4293
 b
 Intron 0.41 

 
A:G Bioinformatics tool Obesity 

17 ACE rs4331 Coding 0.4 
 

G:A Bioinformatics tool Obesity 

17 ACE rs4362
 b
 Coding 0.35 

 
C:T Bioinformatics tool Obesity 

3 ADIPOQ rs16861194 Intergenic 0.07 
 

A:G Bioinformatics tool Obesity 

3 ADIPOQ rs3774261
 b
 Intron 0.35 

 
G:A Bioinformatics tool Obesity 

3 ADIPOQ rs3774262 Intron 0.13 
 

G:A Bioinformatics tool Obesity 

3 ADIPOQ rs710445 Intron 0.37 
 

A:G Bioinformatics tool Obesity 

3 ADIPOQ rs822396 Intron 0.2 
 

A:G Bioinformatics tool Obesity 

5 ADRB2 rs1042718 Coding 0.31 
 

C:A Bioinformatics tool Obesity 

5 ADRB2 rs11168066 Intergenic 0.25 
 

A:C Bioinformatics tool Obesity 

1 AGT rs1926723 Intron 0.12 
 

A:G Bioinformatics tool Obesity 

1 AGT rs2071404 Intergenic 0.21 
 

G:T Bioinformatics tool Obesity 

1 AGT rs4762 Coding 0.13 
 

C:T Bioinformatics tool Obesity 

1 AGT rs699 Coding 0.36 
 

C:T Bioinformatics tool Obesity 

1 AGT rs7079
 b
 UTR 0.28 

 
C:A Bioinformatics tool Obesity 
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19 APOE rs405509 Intergenic 0.43 
 

A:C Bioinformatics tool Obesity 

19 APOE rs7412 Coding 0.04 
 

C:T Bioinformatics tool Obesity 

11 BDNF rs10767664 Intron 0.31 
 

A:T Bioinformatics tool Obesity 

11 BDNF rs10835210 Intergenic 0.25 
 

C:A Bioinformatics tool Obesity 

11 BDNF rs11030119 Intron 0.39 
 

G:A Bioinformatics tool Obesity 

11 BDNF rs12273363 Intergenic 0.09 
 

T:C Bioinformatics tool Obesity 

11 BDNFOS rs6265 UTR 0.22 
 

G:A Bioinformatics tool Obesity 

1 C1orf167 rs1537514 Coding 0.23 
 

C:G Bioinformatics tool Obesity 

6 ENPP1 rs1044498 Coding 0.18 
 

A:C Bioinformatics tool Obesity 

6 ENPP1 rs10457576 Intron 0.17 
 

T:C Bioinformatics tool Obesity 

6 ENPP1 rs1830971 Intron 0.4 
 

T:C Bioinformatics tool Obesity 

6 ENPP1 rs4997284 Intron 0.25 
 

A:G Bioinformatics tool Obesity 

6 ENPP1 rs7767111 Intron 0.04 
 

G:A Bioinformatics tool Obesity 

3 ETV5 rs10513801 Intron 0.15 
 

T:G Bioinformatics tool Obesity 

3 ETV5 rs10937240 Intron 0.29 
 

C:T Bioinformatics tool Obesity 

3 ETV5 rs4686733 Intergenic 0.17 
 

A:G Bioinformatics tool Obesity 

3 ETV5 rs6780296 Intergenic 0.5 
 

C:T Bioinformatics tool Obesity 

3 ETV5 rs9831938
 b
 Intron 0.25 

 
C:T Bioinformatics tool Obesity 

1 F5 rs13306334 Coding 0.17 
 

C:T Bioinformatics tool Obesity 

1 F5 rs2213872 Intron 0.36 
 

G:A Bioinformatics tool Obesity 

1 F5 rs7534848 Intron 0.19 
 

T:C Bioinformatics tool Obesity 

16 FTO rs12448529 Intron NA Call frequency < 95% NA Bioinformatics tool Obesity 

16 FTO rs13338113 Intron NA Not in HWE NA Bioinformatics tool Obesity 

16 FTO rs1420318 Intron 0.35 
 

C:T Bioinformatics tool Obesity 

16 FTO rs2111116 Intron 0.34 
 

C:T Bioinformatics tool Obesity 

16 FTO rs3751812 Intron 0.3 
 

G:T Bioinformatics tool Obesity 

4 GNPDA2 rs1128553 UTR 0.48 
 

C:T Bioinformatics tool Obesity 

4 GNPDA2 rs12640665 Intron 0.08 
 

T:C Bioinformatics tool Obesity 

4 GNPDA2 rs16857402
 b
 Intron 0.31 

 
T:C Bioinformatics tool Obesity 

7 IL6 rs1474347
 b
 Intron 0.14 

 
T:G Bioinformatics tool Obesity 

7 IL6 rs2066992 Intron 0.41 
 

G:T Bioinformatics tool Obesity 

7 IL6 rs2069840 Intron 0.15 
 

C:G Bioinformatics tool Obesity 

7 IL6 rs2069843 Intron 0.05 
 

G:A Bioinformatics tool Obesity 

2 INSIG2 rs10490625 Intron 0.06 
 

C:T Bioinformatics tool Obesity 

2 INSIG2 rs2161829
 b
 Intron 0.46 

 
C:T Bioinformatics tool Obesity 

2 INSIG2 rs4848492 Intergenic 0.14 
 

T:C Bioinformatics tool Obesity 

2 INSIG2 rs9308762 Intron 0.27 
 

T:C Bioinformatics tool Obesity 

2 IRS1 rs10181778 Intron 0.13 
 

T:A Bioinformatics tool Obesity 

2 IRS1 rs10498210 Intron 0.09 
 

G:A Bioinformatics tool Obesity 
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2 IRS1 rs1560251 Intron 0.28 
 

G:T Bioinformatics tool Obesity 

2 IRS1 rs16822640 Intron 0.25 
 

G:T Bioinformatics tool Obesity 

2 IRS1 rs4675096 Intergenic 0.08 
 

G:A Bioinformatics tool Obesity 

19 KCTD15 rs14810 UTR 0.46 
 

G:C Bioinformatics tool Obesity 

19 KCTD15 rs2056180 Complex 0.15 
 

T:C Bioinformatics tool Obesity 

19 KCTD15 rs287104 Intron 0.43 
 

T:C Bioinformatics tool Obesity 

7 LEP rs10249476 Intergenic 0.3 
 

G:T Bioinformatics tool Obesity 

7 LEP rs10487506 Intergenic 0.5 
 

A:G Bioinformatics tool Obesity 

7 LEP rs11763517 Intron 0.38 
 

T:C Bioinformatics tool Obesity 

7 LEP rs12706832 Intron 0.48 
 

G:A Bioinformatics tool Obesity 

7 LEP rs4236625
 b
 Intron 0.09 

 
A:T Bioinformatics tool Obesity 

1 LEPR rs1137100 Coding 0.17 
 

A:G Bioinformatics tool Obesity 

1 LEPR rs1137101 Coding 0.48 
 

G:A Bioinformatics tool Obesity 

1 LEPR rs1186403 Intergenic 0.19 
 

T:C Bioinformatics tool Obesity 

1 LEPR rs7554485 Intergenic 0.48 
 

C:T Bioinformatics tool Obesity 

1 LEPR rs8179183 Coding 0.11 
 

G:C Bioinformatics tool Obesity 

12 LEPREL2 rs1047776 UTR 0.19 
 

G:A Bioinformatics tool Obesity 

12 LEPREL2 rs1129649 Coding 0.35 
 

T:C Bioinformatics tool Obesity 

12 LEPREL2 rs4963516 Intron 0.18 
 

A:C Bioinformatics tool Obesity 

12 LEPREL2 rs5439 UTR NA Diffused cluster NA Bioinformatics tool Obesity 

8 LPL rs15285 UTR NA Diffused cluster NA Bioinformatics tool Obesity 

8 LPL rs264 Intron 0.2 
 

G:A Bioinformatics tool Obesity 

8 LPL rs3200218 UTR 0.13 
 

A:G Bioinformatics tool Obesity 

8 LPL rs328 Coding 0.11 
 

C:G Bioinformatics tool Obesity 

8 LPL rs330 Intron NA Not in HWE NA Bioinformatics tool Obesity 

6 LTA rs1041981 Coding 0.24 
 

C:A Bioinformatics tool Obesity 

6 LTA rs2071590 Intergenic NA Not in HWE NA Bioinformatics tool Obesity 

6 LTA rs2229094 Coding 0.37 
 

T:C Bioinformatics tool Obesity 

6 LTA rs3093542 Intron 0.01 
 

G:C Bioinformatics tool Obesity 

18 MC4R rs11872992
 b
 Intergenic 0.16 

 
G:A Bioinformatics tool Obesity 

18 MC4R rs1943217 Intergenic 0.27 
 

T:G Bioinformatics tool Obesity 

11 MTCH2 rs1064608 Coding 0.27 
 

C:G Bioinformatics tool Obesity 

11 MTCH2 rs4752856 Intron 0.27 
 

G:A Bioinformatics tool Obesity 

11 MTCH2 rs7118178 Intron 0.26 
 

G:A Bioinformatics tool Obesity 

1 MTHFR rs11121832
 b
 Intron 0.28 

 
C:T Bioinformatics tool Obesity 

1 MTHFR rs1801131 Coding NA Call frequency < 95% NA Bioinformatics tool Obesity 

1 MTHFR rs2274976 Coding 0.19 
 

G:A Bioinformatics tool Obesity 

1 MTHFR rs3753584 Intron 0.21 
 

A:G Bioinformatics tool Obesity 

1 NEGR1 rs1016126 Intron 0.4 
 

G:A Bioinformatics tool Obesity 
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1 NEGR1 rs17092041 Intron 0.19 
 

A:T Bioinformatics tool Obesity 

1 NEGR1 rs2153929 Intron 0.3 
 

T:C Bioinformatics tool Obesity 

1 NEGR1 rs2821255 Intron NA Call frequency < 95% NA Bioinformatics tool Obesity 

1 NEGR1 rs9326098 Intron 0.33 
 

C:G Bioinformatics tool Obesity 

3 PPARG rs11128597 Intron 0.27 
 

A:G Bioinformatics tool Obesity 

3 PPARG rs11128599 Intron 0.21 
 

G:A Bioinformatics tool Obesity 

3 PPARG rs1151996 Intron 0.21 
 

T:G Bioinformatics tool Obesity 

3 PPARG rs1801282 Complex 0.12 
 

C:G Bioinformatics tool Obesity 

3 PPARG rs1822825 Intron 0.3 
 

C:T Bioinformatics tool Obesity 

19 RETN rs3745367 Intron 0.36 
 

G:A Bioinformatics tool Obesity 

19 RETN rs7408174 Intergenic 0.1 
 

T:C Bioinformatics tool Obesity 

1 SEC16B rs3813649 Coding NA Diffused cluster NA Bioinformatics tool Obesity 

1 SEC16B rs7413442 Coding 0.13 
 

G:A Bioinformatics tool Obesity 

16 SH2B1 rs7201929 Intergenic 0.31 
 

C:T Bioinformatics tool Obesity 

16 SH2B1 rs7498665 Coding 0.19 
 

A:G Bioinformatics tool Obesity 

10 TCF7L2 rs10787472 Intron NA Diffused cluster NA Bioinformatics tool Obesity 

10 TCF7L2 rs11196219
 b
 Intron 0.32 

 
G:A Bioinformatics tool Obesity 

10 TCF7L2 rs11594610
 b
 Intron 0.06 

 
G:A Bioinformatics tool Obesity 

10 TCF7L2 rs3814570 Intergenic 0.21 
 

C:T Bioinformatics tool Obesity 

2 TMEM18 rs11127493 Intergenic 0.33 
 

G:T Bioinformatics tool Obesity 

2 TMEM18 rs12990777
 b
 Intron 0.3 

 
A:G Bioinformatics tool Obesity 

2 TMEM18 rs2966398 Intergenic 0.19 
 

A:C Bioinformatics tool Obesity 

2 TMEM18 rs3187671 UTR 0.12 
 

G:A Bioinformatics tool Obesity 

19 TOMM40 rs405697 Intron 0.41 
 

C:T Bioinformatics tool Obesity 

11 UCP2 rs17132534 Intergenic 0.05 
 

T:C Bioinformatics tool Obesity 

11 UCP3 rs11235972 Intron 0.23 
 

G:A Bioinformatics tool Obesity 

11 UCP3 rs15763 UTR 0.21 
 

C:T Bioinformatics tool Obesity 

11 UCP3 rs2075577 Complex 0.49 
 

C:T Bioinformatics tool Obesity 

11 UCP3 rs647126 UTR 0.48 
 

A:G Bioinformatics tool Obesity 

11 UCP3 rs7109266 Intergenic NA Call frequency < 95% NA Bioinformatics tool Obesity 

11 UCP3 rs7930460 Intergenic 0.23 
 

A:G Bioinformatics tool Obesity 

12 GNB3 rs2301339 Intron 0.28 
 

G:A Bioinformatics tool Obesity 

19 KCTD15 rs2303174 Intron 0.33 
 

C:G Bioinformatics tool Obesity 

2 TMEM18 rs2293084 Intron 0.49 
 

A:C Bioinformatics tool Obesity 

Abbreviations: BMI, Body Mass Index; Chr, Chromosome; GWAS, Genome Wide Association Studies; HWE, Hardy-Weinberg Equilibrium; MAF, Minor Allele Frequency; UTR, 

Untranslated Region; WHR, Waist-to-Hip Ratio 
a
 MAF is estimated in cases and controls 

b
 Significant association 
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Annexure2: Association of SNPs  significantly identified either using Genotypic, Dominant or Recessive model and Breast Cancer Risk 

SNP ID Chr Gene Symbol SNP location MAF 
a
 Method of Selection Phenotype Model N (Case/Control) OR

b
 95% CI p-value 

rs10411161 19 ZNF577 Intron 0.48 GWAS Breast cancer 

CC 381/331 Reference 

CT 545/582 0.81 0.67-0.98 0.031 

TT 256/282 0.78 0.63-0.98 0.038 

D 
 

0.81 0.68-0.96 0.016 

R 
 

0.9 0.74-1.09 0.259 

rs10871290 16 GLG1 Intergenic 0.26 GWAS Breast cancer 

TT 685/655 Reference 

CT 451/465 0.92 0.78-1.09 0.380 

CC 56/79 0.67 0.47-0.97 0.034 

D 
 

0.89 0.76-1.05 0.162 

R 
 

0.7 0.49-0.99 0.046 

rs2046210 6 ESR1 Intergenic 0.35 GWAS Breast cancer 

CC 448/503 Reference 

CT 581/552 1.18 0.99-1.40 0.058 

TT 160/143 1.25 0.96-1.62 0.084 

D 
 

1.20 1.02-1.41 0.032 

R 
 

1.15 0.90-1.46 0.265 

rs1219648 10 FGFR2 Intron 0.37 GWAS Breast cancer 

AA 420/451 Reference 

AG 583/595 1.05 0.88-1.25 0.570 

GG 185/150 1.32 1.02-1.70 0.030 

D 
 

1.11 0.94-1.31 0.233 

R 
 

1.29 1.02-1.62 0.034 

rs2981575 10 FGFR2 Intron 0.38 GWAS Breast cancer 

TT 407/442 Reference 

CT 579/585 1.07 0.90-1.28 0.424 

CC 201/166 1.31 1.02-1.68 0.029 

D 
 

1.13 0.95-1.33 0.160 

R 
 

1.26 1.01-1.58 0.042 

rs2981582 10 FGFR2 Intron 0.33 GWAS Breast cancer 

CC 479/519 Reference 

CT 571/579 1.06 0.90-1.26 0.444 

TT 144/106 1.47 1.11-1.94 0.007 

D 
 

1.13 0.96-1.33 0.138 

R 
 

1.42 1.09-1.85 0.009 
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SNP ID Chr Gene Symbol SNP location MAF
a
 Method of Selection Phenotype Model N (Case/Control) OR

b
 95% CI p-value 

rs6556756 5 MAT2B Intergenic 0.14 GWAS Breast cancer 

TT 864/898 Reference 

GT 298/272 1.13 0.94-1.37 0.178 

GG 13/27 0.50 0.25-0.97 0.042 

D 
 

1.08 0.90-1.30 0.407 

R 
 

0.48 0.25-0.94 0.033 

rs865686 9 9q31.2 Intergenic 0.14 GWAS Breast cancer 

TT 920/875 Reference 

GT 255/298 0.81 0.67-0.98 0.035 

GG 16/26 0.58 0.31-1.09 0.095 

D 
 

0.80 0.66-0.96 0.016 

R 
 

0.61 0.33-1.15 0.128 

rs16886165 5 MAP3K1 Intergenic 0.34 GWAS Breast cancer 

TT 456/528 Reference 

GT 557/522 1.23 1.03-1.46 0.017 

GG 175/145 1.39 1.08-1.80 0.010 

D 
 

1.27 1.08-1.50 0.004 

R 
 

1.25 0.99-1.59 0.063 

rs889312 5 MAP3K1 Intergenic 0.39 GWAS Breast cancer 

AA 377/439 Reference 

AC 586/548 1.24 1.03-1.49 0.017 

CC 215/191 1.31 1.03-1.66 0.026 

D 
 

1.26 1.07-1.50 0.007 

R 
 

1.15 0.93-1.43 0.191 

rs2867125 2 TMEM18 Intergenic 0.19 GWAS BMI 

GG 757/772 Reference 

AG 383/395 0.98 0.83-1.17 0.899 

AA 52/32 1.65 1.05-2.60 0.028 

D 
 

1.04 0.88-1.23 0.654 

R 
 

1.66 1.06-2.60 0.026 

rs2922763 8 HNF4G Intergenic 0.28 GWAS BMI 

AA 582/609 Reference 

AC 490/501 1.02 0.86-1.21 0.788 

CC 116/90 1.34 1.001-1.81 0.049 

D 
 

1.07 0.91-1.26 0.390 

R 
 

1.34 1.00-1.78 0.049 

rs987237 6 TFAP2B Intron 0.20 GWAS BMI 

AA 708/779 Reference 

AG 418/367 1.25 1.05-1.49 0.011 

GG 56/52 1.18 0.80-1.75 0.395 

D 
 

1.25 1.05-1.47 0.010 

R 
 

1.10 0.74-1.61 0.642 
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SNP ID Chr Gene Symbol SNP location MAF
a
 Method of Selection Phenotype Model N (Case/Control) OR

b
 95% CI p-value 

rs10980926 9 ZNF483 Intron 0.47 GWAS 

Menstruation 

and 

menopause 

GG 312/322 Reference 

AG 582/622 0.96 0.79-1.17 0.722 

AA 293/253 1.19 0.95-1.50 0.127 

D 
 

1.03 0.86-1.24 0.734 

R 
 

1.22 1.01-1.48 0.039 

rs6575793 14 BEGAIN Intron 0.48 GWAS 

Menstruation 

and 

menopause 

TT 301/347 Reference 

CT 616/560 1.26 1.04-1.53 0.015 

CC 275/294 1.07 0.86-1.35 0.512 

D 
 

1.20 1.00-1.44 0.045 

R 
 

0.93 0.77-1.12 0.418 

rs10953454 7 LHFPL3 Intron 0.08 GWAS Obesity 

GG 1016/1020 Reference 

AG 168/166 1.01 0.80-1.28 0.893 

AA 7/17 0.41 0.17-1.00 0.051 

D 
 

0.96 0.77-1.20 0.722 

R 
 

0.41 0.16-0.99 0.047 

rs16867321 2 CWC22 Intergenic 0.35 GWAS Obesity 

CC 547/500 Reference 

CT 528/563 0.85 0.72-1.01 0.075 

TT 114/132 0.78 0.59-1.04 0.096 

D 
 

0.84 0.72-0.99 0.041 

R 
 

0.85 0.66-1.11 0.242 

rs2116830 10 KCNMA1 UTR 0.03 GWAS Obesity 

CC 1097/1142 Reference 

AC 91/60 1.57 1.12-2.21 0.008 

AA 4/3 1.38 0.30-6.21 0.668 

D 
 

1.57 1.13-2.18 0.007 

R 
 

1.35 0.30-6.04 0.696 

rs2274459 6 MLN Intergenic 0.07 GWAS Obesity 

GG 1060/1031 Reference 

AG 117/166 0.68 0.53-0.88 0.003 

AA 7/6 1.13 0.38-3.38 0.821 

D 
 

0.70 0.55-0.90 0.005 

R 
 

1.19 0.40-3.54 0.759 

rs374748 5 FBN2 Intron 0.08 GWAS Obesity 

AA 989/1009 Reference 

AG 184/188 0.99 0.80-1.24 0.990 

GG 17/7 2.47 1.02-6.00 0.044 

D 
 

1.05 0.85-1.31 0.647 

R 
 

2.48 1.02-6.00 0.044 
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a
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b
 95% CI p-value 

rs925642 4 FAT1 Intergenic 0.46 GWAS Obesity 

AA 353/368 Reference 

AG 622/557 1.16 0.96-1.40 0.108 

GG 217/272 0.83 0.66-1.04 0.117 

D  1.06 0.89-1.26 0.548 

R  0.76 0.62-0.92 0.006 

rs988712 11 BDNF Intron 0.26 GWAS Obesity 

GG 612/646 Reference 

GT 473/478 1.04 0.88-1.23 0.612 

TT 103/76 1.43 1.04-1.96 0.027 

D  1.10 0.93-1.29 0.257 

R  1.40 1.03-1.91 0.031 

rs1056836 2 CYP1B1 UTR 0.20 Candidate SNPs Breast cancer 

CC 735/751 Reference 

CG 381/401 0.97 0.81-1.15 0.737 

GG 70/45 1.58 1.07-2.34 0.019 

D  1.03 0.88-1.22 0.699 

R  1.61 1.09-2.36 0.015 

rs1695 11 GSTP1 Coding 0.28 Candidate SNPs Breast cancer 

AA 665/624 Reference 

AG 434/485 0.83 0.70-0.99 0.043 

GG 90/86 0.98 0.71-1.34 0.910 

D  0.86 0.73-1.01 0.069 

R  1.05 0.77-1.43 0.728 

rs2070744 7 NOS3 Intron 0.22 Candidate SNPs Breast cancer 

TT 681/711 Reference 

CT 436/447 1.01 0.86-1.20 0.833 

CC 74/46 1.67 1.14-2.46 0.008 

D  1.08 0.92-1.27 0.353 

R  1.67 1.14-2.43 0.008 

rs2287499 17 WDR79 Coding 0.26 Candidate SNPs Breast cancer 

CC 649/670 Reference 

CG 476/432 1.13 0.96-1.34 0.135 

GG 63/95 0.68 0.48-0.95 0.027 

D  1.06 0.90-1.24 0.509 

R  0.65 0.47-0.90 0.010 

rs2420946 10 FGFR2 Intron 0.38 Candidate SNPs Breast cancer 

CC 400/443 Reference 

CT 592/599 1.09 0.91-1.30 0.316 

TT 195/152 1.42 1.10-1.82 0.006 

D  1.16 0.98-1.37 0.083 

R  1.35 1.07-1.70 0.011 
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a
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b
 95% CI p-value 

rs3218408 7 XRCC2 Intron 0.19 Candidate SNPs Breast cancer 

TT 718/784 Reference 

GT 415/368 1.23 1.03-1.46 0.018 

GG 48/45 1.16 0.76-1.77 0.476 

D  1.22 1.04-1.45 0.018 

R  1.09 0.72-1.64 0.701 

rs5275 1 COX-2 UTR 0.38 Candidate SNPs Breast cancer 

TT 428/469 Reference 

CT 585/533 1.20 1.008-1.43 0.040 

CC 155/181 0.93 0.72-1.20 0.620 

D  1.14 0.96-1.34 0.134 

R  0.85 0.67-1.07 0.160 

rs10489525 1 CSDE1 Intron 0.47 Candidate SNPs Others 

AA 288/341 Reference 

AG 613/588 1.23 1.01-1.49 0.033 

GG 281/268 1.24 0.98-1.56 0.065 

D  1.24 1.03-1.49 0.023 

R  1.08 0.89-1.31 0.423 

rs2233660 17 PHB Intergenic 0.11 Candidate SNPs Others 

TT 904/959 Reference 

CT 274/229 1.26 1.04-1.54 0.018 

CC 16/16 1.06 0.52-2.13 0.868 

D  1.26 1.04-1.52 0.021 

R  1.01 0.50-2.03 0.981 

rs2240123 17 CBX1 Intron 0.26 Candidate SNPs Others 

CC 665/657 Reference 

CT 468/456 1.01 0.85-1.19 0.872 

TT 56/79 0.70 0.48-1.00 0.052 

D  0.97 0.82-1.14 0.690 

R  0.70 0.49-0.99 0.044 

rs274586 1 TNNI3K Intron 0.50 Candidate SNPs Others 

GG 307/315 Reference 

CG 614/570 1.10 0.91-1.34 0.312 

CC 254/302 0.86 0.68-1.08 0.208 

D  1.02 0.85-1.23 0.821 

R  0.81 0.67-0.98 0.029 

rs489990 1 TNNI3K Intron 0.14 Candidate SNPs Others 

AA 995/879 Reference 

AG 259/300 0.84 0.70-1.02 0.090 

GG 34/18 1.85 1.03-3.30 0.036 

D  0.90 0.75-1.09 0.287 

R  1.93 1.08-3.44 0.026 
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a
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b
 95% CI p-value 

rs11121832 1 MTHFR Intron 0.27 Bioinformatics tool Obesity 

CC 584/653 Reference 

CT 517/459 1.25 1.06-1.49 0.007 

TT 93/89 1.16 0.85-1.59 0.327 

D  1.25 1.06-1.46 0.008 

R  1.06 0.78-1.43 0.727 

rs11196219 10 TCF7L2 Intron 0.33 Bioinformatics tool Obesity 

GG 583/535 Reference 

AG 489/535 0.83 0.70-0.99 0.042 

AA 115/128 0.82 0.62-1.08 0.173 

D  0.84 0.71-0.98 0.029 

R  0.90 0.69-1.17 0.422 

rs11594610 10 TCF7L2 Intron 0.08 Bioinformatics tool Obesity 

GG 1068/1026 Reference 

AG 118/172 0.65 0.51-0.84 0.001 

AA 8/6 1.28 0.44-3.70 0.648 

D  0.68 0.53-0.87 0.002 

R  1.35 0.47-3.89 0.583 

rs11872992 18 MC4R Intergenic 0.18 Bioinformatics tool Obesity 

GG 853/828 Reference 

AG 308/333 0.89 0.74-1.07 0.246 

AA 25/40 0.60 0.36-1.00 0.054 

D  0.87 0.73-1.03 0.111 

R  0.63 0.38-1.04 0.069 

rs12990777 2 TMEM18 Intron 0.29 Bioinformatics tool Obesity 

AA 547/600 Reference 

AG 530/482 1.20 1.01-1.42 0.030 

GG 106/110 1.05 0.79-1.41 0.709 

D  1.18 1.00-1.38 0.046 

R  0.97 0.73-1.28 0.820 

rs16857402 4 GNPDA2 Intron 0.32 Bioinformatics tool Obesity 

TT 589/543 Reference 

CT 495/548 0.83 0.70-0.98 0.033 

CC 106/111 0.88 0.65-1.17 0.390 

D  0.84 0.72-0.99 0.034 

R  0.96 0.73-1.27 0.781 
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b
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rs2161829 2 INSIG2 Intron 0.44 Bioinformatics tool Obesity 

CC 303/362 Reference 

CT 634/618 1.22 1.01-1.48 0.034 

TT 253/218 1.38 1.09-1.75 0.007 

D  1.27 1.06-1.52 0.010 

R  1.21 0.99-1.49 0.060 

rs3774261 3 ADIPOQ Intron 0.34 Bioinformatics tool Obesity 

GG 471/525 Reference 

AG 556/536 1.15 0.97-1.37 0.098 

AA 157/138 1.26 0.97-1.64 0.074 

D  1.18 1.00-1.39 0.048 

R  1.18 0.92-1.50 0.195 

rs4236625 7 LEP Intron 0.09 Bioinformatics tool Obesity 

AA 1000/988 Reference 

AT 171/208 0.81 0.65-1.01 0.065 

TT 15/4 3.70 1.22-11.20 0.020 

D  0.86 0.69-1.07 0.194 

R  3.83 1.26-11.57 0.017 

rs4293 17 ACE Intron 0.42 Bioinformatics tool Obesity 

AA 438/395 Reference 

AG 576/608 0.85 0.71-1.02 0.082 

GG 171/197 0.78 0.61-1.00 0.051 

D  0.84 0.71-0.99 0.038 

R  0.86 0.69-1.07 0.180 

rs4362 17 ACE Coding 0.36 Bioinformatics tool Obesity 

CC 515/464 Reference 

CT 552/575 0.86 0.72-1.02 0.097 

TT 105/141 0.67 0.50-0.88 0.006 

D  0.83 0.70-0.97 0.023 

R  0.73 0.56-0.95 0.018 

rs7079 1 AGT UTR 0.27 Bioinformatics tool Obesity 

CC 599/637 Reference 

AC 483/478 1.07 0.90-1.27 0.403 

AA 102/79 1.37 1.002-1.87 0.048 

D  1.12 0.95-1.31 0.178 

R  1.33 0.98-1.80 0.067 
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a
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b
 95% CI p-value 

rs9831938 3 ETV5 Intron 0.26 Bioinformatics tool Obesity 

CC 670/662 Reference 

CT 448/444 0.99 0.84-1.18 0.972 

TT 65/92 0.69 0.49-0.97 0.036 

D  0.95 0.80-1.11 0.499 

R  0.70 0.50-0.97 0.032 

Abbreviations: ACE, Angiotensin I-Converting Enzyme; ADIPOQ, Adiponectin, C1Q And Collagen Domain Containing; AGT, Angiotensinogen; BDNF, Brain-Derived 

Neurotrophic Factor; BEGAIN, Brain Enriched Guanylate Kinase Associated; CBX1, Chromobox Homolog 1; Chr, Chromosome; CI, Confidence Interval; COX-2, 

Cyclooxygenase-2; CSDE1, Cold Shock Domain Containing E1, RNA-binding; CWC22, CWC22 spliceosome-associated protein homolog; CYP1B1, Cytochrome P450 subfamily 

I dioxin-inducible polypeptide 1; D, Dominant; ESR1, Estrogen receptor 1; ETV5, E26 transformation-specific variant 5; FAT1, FAT atypical cadherin 1; FBN2, Fibrillin 2; 

FGFR2, Fibroblast Growth Factor Receptor 2; GLG1, Golgi Apparatus Protein 1; GNPDA2, Glucoseamine-6-Phosphate Deaminase 2; GSTP1, Glutathione S-Transferase Pi; 

GWAS, Genome Wide Association Studies; HNF4G; Hepatocyte Nuclear factor 4 Gamma; INSIG2, Insulin-Induced Gene 2; KCNMA1, Potassium Channel, Calcium-Activated, 

Large Conductance, Subfamily M, Alpha Member 1; LEP, Leptin; LHFPL3, Lipoma High mobility group protein isoform I-C Fusion Partner like Protein 3; MAF, Minor Allele 

Frequency; MAP3K1, Mitogen-Activated Kinase Kinase Kinase 1; MAT2B; Methionine Adenosyltransferase II, Beta; MC4R, Melanocortin 4 Receptor ; MLN, Motilin; N, 

Number; MTHFR, Methylenetetrahydrofolate reductase;  NOS3, Nitric Oxide Synthase 3;  OR, Odds Ratio; PHB, Prohibitiin; R, Recessive; SNP, Single Nucleotide 

Polymorphism; TCF7L2, Transcription Factor 7-Like 2; TFAP2B, Transcription Factor Ap2-Beta; TMEM18, Transmembrane Protein 18; TNNI3K, Troponin I Type 3 Interacting 

Kinase; UTR, Untranslated Region; WDR79, WD repeat containing, antisense to TP53;  XRCC2 X-Ray Repair Cross Complimenting gene 2; XRCC3 X-Ray Repair Cross 

Complimenting Defective gene 3; ZNF483, Zinc Finger Protein 483; ZNF577, Zinc Finger Protein 577. 
a
 Minor Allele Frequency in controls 

b 
Not adjusted 

Total number per SNP may vary because of missing values 

Significant models were shown in bold 

 


