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Abstract- Background and objectives: Estrogen in synchrony with other growth hormone increases the rate of cell division and 
proliferation, which increases the susceptibility of breast tissue to carcinogenic environmental insults. In this study we will analyze the 
association of various risk factors that causes estrogen dominance and its effects on breast carcinogenesis. Methods: The study 
consisted of 156 histopathologically confirmed breast cancer cases and 102 controls. A structured questionnaire was designed to 
gather demographic, reproductive, histopathological and clinical details from the Medical Record Department of the hospital. 
Results: Mean ± standard deviation of age at diagnosis, menarche and menopause were 48.34±14.5, 14.33±1.7 and 47.44±5.6 years 
respectively. Age at diagnosis and menarche, delayed menopause, irregular menstrual cycles, parity, breast feeding, hypertension and 
co-morbidities were statistically significant epidemiological risk factors that modulate estrogen levels. Tumor size, lymph node 
metastasis, in-situ component, lymphovascular invasion(LVI), estrogen and progesterone receptor levels and HER2 reactivity were 
statistically significant associated with breast carcinogenesis as an effect of estrogen dominance. Interpretations and Conclusions: The 
estrogen dominance in women can be effectively curtailed by modifying high risk epidemiological factors by adopting healthy life 
styles; planning marriage and child at appropriate age. It is essential that the government introduces policies and schemes to increase 
awareness of breast cancer and its early detection; promote research to identify factors other than estrogen causing carcinogenesis 
and thereby tailor the treatment regimen along with anti-estrogen therapy for a complete cure.  
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I.INTRODUCTION 

Human breast is a modified sweat gland which is responsive to various hormones. It is the only organ in human body 
that is not fully developed at birth. In response to estrogen dramatic changes occur in size, shape and function from birth 
through pregnancy, lactation and ultimately involution. The major sources of estrogen are ovary and placenta (during 
pregnancy). 
 Estrogen passively enters the epithelial cell, binds to its receptor which is a dimeric nuclear protein to form a 
homodimer that leads to its nuclear translocation to stimulate transcription of target genes. Estrogen in synchrony with other 
growth hormone and its secretory product Insulin-like Growth Factor-1 increases the rate of cell division and proliferation, 
which increases the susceptibility of breast tissue to carcinogenic environmental insults by initiating mutations that occur as 
errors of DNA replication. Continued cell divisions thereby allow an increase in the accumulation of random genetic errors. In 
this study we will analyze the association of various traditional and emerging risk factors that causes estrogen dominance and its 
effects on breast carcinogenesis.  

II. MATERIAL AND METHODS 
The study adopted registry method and participant consisted of 156 breast cancer cases and 102 age and sex matched 

controls form a tertiary care hospital at Mysuru, India from January 2013 to June 2016. Histopathologically confirmed patients 
constituted cases while controls were women attending for routine health check-up without breast cancer. Patients were 
excluded if the necessary details were not available in the registry. A structured questionnaire was designed to gather known 
and emerging demographic and reproductive details that modulate the estrogen levels. Demographic details included age, 
marital status, diet and Body Mass Index (BMI). Reproductive details included age at menarche and menopause, menstrual 
cycle regularity, parity, number of children, breast feeding and sterilization. Questionnaire also included histopathological and 
clinical details. Histopathological parameters included type of tissue excision, size of tumor, lymphovascular invasion(LVI), in-
situ component, metastasis to lymph nodes and distant organs, grade (modified Bloom–Richardson–Elston grading system)[1], 
stage (American Joint Committee on Cancer TNM system)[2], estrogen and progesterone receptor level (Allred scoring 
System)[3] and HER2neu reactivity. Clinical details included duration of breast lump, associated pain, nipple discharge, 
mobility, breast skin changes, side of involvement, lymphadenopathy, family history of breast cancer, blood pressure(BP), co-
morbidities and history of any drug intake (separate data for oral contraceptive pills and any other medication). All the above 
details of the breast cancer patients and controls were collected from the Medical Record Department of the hospital. The study 
protocol was approved by institutional ethical committee. Patient consent was not required due to the retrospective nature of this 
study. 
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Statistical analysis – Data were analysed using Statistical Package for Social Sciences version 21. Descriptive statistical 
measures like percentage, mean and standard deviation were applied. Inferential statistical tests Pearson’s Chi square was 
applied. Estimates of odds ratio(OR) and accompanying 95% Confidence Interval(CI) was presented for every risk factor. The 
difference and association were interpreted statistically significant when ‘p’ is less than 0. 

III. RESULTS  
Out of 156 breast cancers 3.8%, 44.2%, 37.8% were graded as I, II and III respectively.  5.8%, 47.4%, 32.7% of 

women were in stage I, II and III respectively. The types of tumor excision included modified radical mastectomy(MRM), 
lumpectomy and core biopsy for histopathological evaluation. The tumors commonly presented in left breast(51.9%), with a 
short duration of less than 3 months(67.8%), as immobile(68.6%), painless(68.6%) lump, sized between 2-5cm(65.1%), without 
skin-changes above tumor(81.4%), nipple discharge(91.7%) or lymphadenopathy(78.2%). Mean±standard deviation of age at 
diagnosis, menarche and menopause were 48.34±14.5, 14.33±1.7 and 47.44±5.6 years respectively. This study reported age at 
diagnosis and menarche, delayed menopause, irregular menstrual cycles, nulliparity, without breast feeding, mixed diet and 
presence of co-morbidities hypertension(HTN), diabetes mellitus(DM), both HTN and DM as statistically significant 
epidemiological risk factors that modulate estrogen levels thereby associated with breast carcinogenesis(Table I). The additional 
independent variable in the study included BP, where both systolic and diastolic HTN had statistically significant association 
with breast cancer. Breast feeding, history of drug intake, family history of breast cancer and sterilization were not statistically 
associated with breast cancer.  

 
TABLE I 

 CHARACTERISTICS OF EPIDEMIOLOGICAL RISK FACTORS AND ITS STATISTICAL ANALYSIS IN BREAST CARCINOMA 
 

Parameter  No (Percent)  p-value Odds ratio 95% CI Significance  
Age at diagnosis 
<30 years 
31-40 years 
41-50 years 
51-60 years 
>61 years 

 
16(10.3) 
32(20.5) 
42(26.9) 
39(25) 
27(17.3) 

0.004*    

Age at Menarche 
12-14 years 
>14 years 

 
92(58.6) 
64(41.4) 

<0.001* 

 
0.304 0.156-0.590 Significant 

Age at menopause 
<50 yrs 
>50 yrs 

 
112(71.8) 
44(28.2) 

<0.001* 

 
0.686 0.168-2.799 Not 

significant 

Menstrual history 
Regular 
Irregular 

 
129(82.6) 
27(17.3) 

<0.001* 

 
0.460 0.192-1.098 Not 

Significant 

Parity 
Nulliparous 
Multiparous 

 
11(7.1) 
145(92.9) 

<0.001* 

 
0.153 0.049-0.474 Significant 

 

Sterilization 
Present 
Absent 

 
96(61.5) 
60(38.5) 

<0.345 

 
0.7 0.333-1.47 Not 

Significant 

Breast Feeding 
Present 
Absent 

 
122(78.2) 
34(21.8) 

0.019* 2.783 
 

1.156-6.699 Significant 

Systolic Blood Pressure 
Normal 
Hypertension 

 
80(51.2) 
76(48.8) 

0.002* 13.17 1.7-100.3 Significant 

On Medication 
Yes 
No  

 
34(21.8) 
122(78.2) 

0.415 0.619 0.208-1.841 Not 
Significant 

On Oral Contraceptive Pill 
Yes 
No 

 
2(1.3) 
154(98.7) 

0.169 3.143 0.565-17.48 Not 
Significant 

Diet 
Vegetarian 
Mixed 

 
46(29.5) 
110(70.5) 

0.053 0.597 0.354-1.008 Not 
Significant 

Family history 
Present 
Absent 

 
3(1.9) 
153(98.1) 

0.159 1.667 1.508-1.842 Significant 

Diastolic Blood Pressure 
Normal 
Hypertension 

 
105(67.3) 
51(32.7) 

0.013* 2.592 2.219-3.027 Significant 

Body Mass Index 
Below 

 
12(7.7) 

0.072 2.228 0.915-5.427 Not 
Significant 
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Normal 
Above 

101(64.7) 
43(27.6) 

 

Comorbidities 
Hypertension 
Diabetes Mellitus(DM) 
Hypertension+DM 
Absent  

 
23(14.7) 
7(4.5) 
11(7.1) 
115(73.7) 

0.002*    

 

Out of 156 cases, 134 women had undergone MRM and 22 had either lumpectomy or core biopsy. Therefore in these 
22 cases, data on presence of in-situ component, LVI, metastasis to lymph node, tumor size, grade and stage were not 
available(inappropriate). The results of estrogen dominance effect on histopathological findings in breast cancer showed 
statistically significant association with tumor size, metastasis to regional lymph nodes, presence of in-situ component, LVI, 
estrogen and progesterone receptor levels and HER2 reactivity (Table II).  

 
TABLE 2 

CHARACTERISTICS OF HISTOPATHOLOGICAL PROGNOSTIC FACTORS AND ITS STATISTICAL ANALYSIS IN BREAST CARCINOMA 
 

Parameter  Number (Percent)  p-value 
Duration of lump 
<3months 
3-6months 
7-12months 

 
105(67.3) 
25(16) 
26(16.7) 

0.144 

Mobility 
Present 
Absent 

 
49(31.4) 
107(68.6) 

0.067 

Pain 
Present 
Absent 

 
49(31.4) 
107(68.6) 

0.02* 

Nipple discharge  
Present 
Absent 

 
13(8.3) 
143(91.7) 

0.232 

Skin changes 
Present 
Absent 

 
29(18.6) 
127(81.4) 

0.351 

Lymphadenopathy 
Present 
Absent 

 
34(21.8) 
122(78.2) 

0.19 

Lymph node metastasis 
Present 
Absent 
Not available 

 
42(26.9) 
92(60) 
22(14.1) 

<0.001* 

In-situ 
Present 
Absent 
Not available 

 
12(7.7) 
122(78.2) 
22(14.1) 

<0.001* 

Lymphovascular invasion 
Present 
Absent 
Not available 

 
39(25) 
95(60.8) 
22(14.1) 

<0.001* 

Size 
<2cm 
2-5cm 
>5cm 
Not available 

 
9(5.7) 
102(65.4) 
23(14.7) 
22(14.1) 

<0.001* 

Modified Radical Mastectomy 
Present 
Not available 

 
134(85.9) 
22(14.1) 

 

Side 
Left 
Right 
Bilateral  

 
81(51.9) 
73(46.8) 
2(1.3) 

 

Grade 
1 
2 
3 
Not available 

 
6(3.8) 
69(44.2) 
59(37.8) 
22(14.1) 

 

Stage  0.164 
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1 
2 
3 
4 
Not available 

9(5.8) 
74(47.4) 
51(32.7) 
0 
22(14.1) 

Estrogen receptor level 
Positive 
Negative  

 
108(69.2) 
48(30.8) 

0.021* 

Progesterone receptor level 
Positive 
Negative 

 
37(23.7) 
119(76.3) 

0.002* 

HER2 reactivity 
Positive 
Negative 

 
30(19.2) 
126(80.8) 

0.005* 

 
The odds of women with breast carcinoma are 70% less likely to attain menarche after 14years than those without 

breast cancer with the true population effect between 41% and 84% and found statistically significant. 
The odds of women with breast carcinoma are 85% less likely to be nulliparous than those without breast cancer with 

the true population effect between 53% and 95% and found statistically significant. 
The odds of women with breast carcinoma are 2.7, 13.1, 2.5 and 1.6 times more likely to be breast feeding, 

hypertensive (both systolic and diastolic BP) and with family history of breast cancer respectively than those without breast 
cancer. 

 
IV. DISCUSSION 

Breast cancer is the second most common form of cancer in women worldwide[4]. The development of breast cancer is 
a complex, multi-hit process[5] that depends on various exogenous and endogenous epidemiological factors that modulate the 
transformation of normal breast epithelial cells into neoplastic ones. In the literature, there are some reports on the correlation of 
single or a few epidemiological factors, but this study focused on an extensive number of known and unknown epidemiological 
factors that elevated estrogen levels thereby acted as initiators and promoters in the carcinogenesis of breast cancer. 

There are three phases in development of breast – fetal and prepubertal; puberty; pregnancy and lactation. Even during 
embryogenesis the fetal breast both in males and females is dependent on estrogen which are produced by the placenta to 
prepare mother’s breast for lactation that have passed across the placenta into the fetal circulation.  The prepubertal breast 
shows glandular epithelial cell proliferation forming multilayer, buds and papillae under the influence of 17β-estradiol(E2), most 
biologically active hormone secreted form the ovary[6]. After attaining puberty the cyclical changes are noted in breast tissue 
also during every menstrual cycle in response to various hormones, predominantly to estrogen. The breast changes that includes 
parenchymal proliferation with expansion of lumen, sparse stromal proliferation, mitosis but no secretion begins with follicular 
phase of days 3-14. In luteal phase between 15 to 28 days, in addition to proliferation of epithelial cells, stroma becomes dense 
with some secretion into lumen.  At the onset of puberty a variety of growth factors like epidermal growth factor, transforming 
growth factor – beta, fibroblast growth factor and Wnt gene families mediate the act in concert with systemic estrogen. During 
pregnancy ductular sprouting starts as early as 3 to 4 weeks stimulated by estrogenic release until there is noticeably decrease in 
interlobular connective tissue. An estrogen mediated increase in prolactin secretion in pregnancy may produce as much as a ten 
to twenty fold increase in plasma prolactin.   

 The mean age of women at the time of diagnosis of breast cancer at Mysuru was reduced and majority of them were in 
their 4th and 5th decade which was similar to the results of Madhu B et al and also other cities in India[7]. Paradigm shift in the 
living style of current women compared to previous generations which includes delay in marriage and first child; increased 
stress level, reduced number of children, shorter duration of breast feeding (as majority of them are working women) can be the 
factors for breast cancer in younger women.  While Key et al has concluded that childbearing reduces risk, with greater 
protection for early first birth and a larger number of births; breastfeeding probably has a protective effect for breast cancer[8]. 
Younger patients had significantly lower survival rates and higher local and distant relapse rates than older patients, 
independent of other factors such as clinical tumor size, clinical node status, histological grade, hormone receptor status, loco 
regional treatment procedure, and adjuvant systemic therapy[9].  

 
A.Epidemiological factors that causes elevation of estrogen level 

  1) Menarche: Girls with a menarcheal age below 12.0 years had higher serum estradiol but lower testosterone and 
dehydroepiandrosterone concentrations than subjects with later menarche, where only the early and relatively high estrogen 
concentrations are important for breast carcinogenesis[10]. However in contrast about two-fifth of the cases had attained 
menarche after 14 years in our study which were statistically significantly associated with breast carcinogenesis. This suggests 
that other factors along with menarche plays a role.   
 
  2) Menstrual cycles: Less than one-fifth of cases had irregular menstrual cycle with significant association with risk of breast 
cancer. Irregular menstrual cycles were a common complaint in anovulation, which in turn was due to increased exposure to 
estrogen[11]. Estrogen stimulates parenchymal proliferation with formation of epithelial sprouts and hyperplasia continues. 
Therefore irregular menstruation is a risk factor for breast cancer.  
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  3) Menopause: In spite of the markedly different circulating levels of estrogens in pre and postmenopausal women, the 
concentrations of E2 in breast cancer tissues do not differ between these two groups of women, an indication that its uptake 
from the circulation might not contribute significantly to the total content of this hormone in breast tumors, but rather that de 
novo biosynthesis plays a more significant role[12]. Overall one-fourth of women in the present study reached menopause after 
50 years had higher risk of carcinogenesis. Each additional year of delayed menopause adds a risk of 4%.  

 
  4) Obesity: Women consuming mixed diet (both vegetarian and non-vegetarian) and abnormal BMI accounted for 70.5% and 
35.3% of cases respectively. Improper diet leads to poor nutritional status and obesity in young girls that increases the estrogen 
level resulting in early menarche which is associated with high risk of breast cancer. Hsieh et al have reported post-menopausal 
women of average height had an 11% higher risk of breast cancer when they were heavier by 10 kg and, therefore, more obese 
by 4 kg/m[13]. 
 
B. Epidemiological factors that causes depletion of estrogen level  

  1) Parity: In nulliparous category majority of the women were married but without children in our study. In these women 
estrogen causes proliferation of ducts without differentiation. Breast tissue of nulliparous women may be dominated by 
undifferentiated ductal structures, whereas the breasts of parous women had undergone a differentiation process during 
pregnancy and lactation. We found significant association between parity and breast carcinogenesis that suggested 
differentiation of breast tissue is likely to make the breast less vulnerable to cancer development[14]. 

  2) Breast feeding: Elevated prolactin during breast feeding reduces the estrogen levels in lactating women thereby reducing 
risk of breast carcinogenesis. We found about one-fifth of women who did not breast feed had higher risk of carcinogenesis. 
Risk decreased by 4.3% (95% CI 2.9–5.8; p<0.0001) for every 12 months of breastfeeding[15]. 

 
  3) Sterilization: Over three-fifth of women had undergone tubectomy. Tubal sterilization can have its effect on ovarian 
hormone production especially decreased levels of estrogen. Calle EE et al study results suggest that tubal sterilization may 
lower subsequent risk of breast cancer, especially among women who are sterilized at a relatively young age[16].  

 
C. Effects of estrogen predominance on different phases of breast carcinogenesis 

  1) Estrogen and breast cancer proliferation: The breast tissue on prolonged exposure to estrogen dominance accumulates 
mutations at the depurinated sites due to error prone DNA repair as a result of unstable estrogen metabolites – quinone adducts 
and 8-OXO-guanine[17]. These initiate the uncontrolled proliferation of ductal epithelial cells in elderly women. The de novo 
biosynthesis of estrogen in the breast by peripheral aromatization of ovarian and adrenal androgens plays a significant role in 
continuing the abnormal ductal epithelial cell proliferation even though the plasma estrogen level decreases by 90% in elderly 
women[18]. This is measured by increasing size of the tumor which had significant association with p<0.001. The three 
categories of breast cancer based on the size of the tumor are pT1<2cm(5.7%); pT2–2 to 5cm(65.4%); pT3>5cm(14.7%).  

The breast tissues less exposed to estrogen were inversely associated with ductal carcinoma in situ and invasive breast 
carcinoma, while increased estrogen level had no in-situ component[19]. Only 7.7% of cases had adjacent in-situ component 
with significant association in our study strengthening the presence of estrogen dominance, initiating the proliferation of cells.  

We also found significant association of breast carcinogenesis in women with co-morbidities like HTN and/or DM 
accounting for 26.3% of cases. Both systolic and diastolic HTN(48.8%) was statistically significant. In postmenopausal women 
the estrogen level decreases and the risk of developing HTN increases a paradoxical effect of estrogen[20]. Hyperinsulinemia in 
diabetic women inhibited the production of sex hormone-binding globulin, which leads to an increase in bioavailable estrogen 
increasing the risk of breast cancer proliferation[21].  

Progesterone receptors were positive in 23.7% of cases which is known to augment the effect of estrogen, which 
increases the chance of mutant cell proliferation in breast tissue thereby increasing the risk of cancer initiation. 

There is close crosstalk between over-expression of HER2 and estrogen dominance proliferation leading to tamoxifen 
resistance in breast cancer. Less than one-fifth of our cases were positive for HER2 expression[22]. 

 
  2) Estrogen and breast cancer invasion: In early steps of invasion, breast cancer cells disrupt intercellular contacts due to loss 
of adhesion molecule E-cadherin and enter the lymphatics as tumor emboli which was noted in one-fourth of our cases with a 
statistically significant p-value of <0.001[23]. This loss of E-cadherin is due to deregulation of co-regulatory proteins and 
extracuclear actions of ER signaling complex[24].  

The loss of differentiation of breast cancer was analyzed by decreased ability of ductal epithelial cells to form tubules, 
increased nuclear pleomorphism and mitotic figures thereby empowering for invasion. 37.8% of our cases were Grade 3 breast 
cancers, had poorly differentiated cells caused by functional and transcriptional loss and were commonly associated with 
menarche before age 12 years or after age 14 years[25].  

 
  3) Estrogen and breast cancer metastasis: In our study 26.9% of women had metastasis to axillary lymph nodes which was 
statistically significant and majority of them were at Stage II. Breast cancer cell movement requires dynamic remodeling of the 
cytoskeleton, cell membrane and extracellular matrix(ECM). The over-expression of various cytoskeletal actin regulatory 
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proteins is induced by estrogen. Ezrin-radixin-moesin, focal adhesion kinase(FAK), Neural Wiskott-Aldrich Syndrome 
Protein(N-WASP) are activated by estrogen by interacting with the non-receptor tyrosine kinase c-Src, which activates the 
phosphatidylinositol-3 kinase/Akt pathway and the small GTPase RhoA/Rho-associated kinase(ROCK-2) complex[26], [27]. 
The ECM that acts as a barrier to breast cancer cell movement is hydrolyzed by reactive oxygen species produced by estrogen 
metabolism[28]. Out of 3411 genes regulated by estrogen, 189 were ECM regulatory genes which includes 
proteases (MMPs, ADAMTSs and cathepsins), their endogenous inhibitors (TIMPs, cystatins) and ECM structural proteins[29].   
 The limitations of our study were- first number of patients was less. Two, corresponding serum estrogen level 
estimation gives more accurate results. Three, more epidemiological factors (ethnicity, alcohol consumption, cigarette smoking) 
can be included. 
 

V. CONCLUSION 
We conclude that the preponderance of slightly younger age with irregular menstruation, delayed menopause, absence 

of breast feeding and presence of co-morbidities had high risk for estrogen dominance in breast cancer which should be 
effectively curtailed by modifying high risk epidemiological factors. At the individual level to adopt healthy life styles such as 
regular exercise, meditation, yoga, consuming diet such as green leafy vegetables that decreases estrogen levels and avoid 
occupation induced stress, fried food and meat that increases estrogen levels. Plan to avoid delay in marriage, first child and 
encourage breast feeding for longer duration. It is essential that the government introduces policies and schemes to encourage 
healthy life styles, increase awareness of breast cancer and its early detection to women especially among rural areas. The 
corollary of high estrogen had effects on all the three phases of breast carcinogenesis that includes proliferation, invasion and 
metastasis thereby enhancing the importance of anti-estrogen therapy in treatment of breast carcinoma. Absence of association 
of other histopathological parameters with estrogen dominance needs to be further studied to understand their role in breast 
carcinogenesis, effective drugs to counter them, thereby tailor the treatment regimen along with anti-estrogen therapy for a 
complete cure. 
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