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Abstract

Purpose—We investigated if associations of breast density and breast cancer differ according to 

the level of other known breast cancer risk factors, including body mass index (BMI), age at 

menarche, parity, age at first child’s birth, age at menopause, alcohol consumption, a family 

history of breast cancer, a history of benign breast disease, and physical activity.

Methods—This study included 1,044 postmenopausal incident breast cancer cases diagnosed 

within the Nurses’ Health Study cohort and 1,794 matched controls. Percent breast density, 

absolute dense and non-dense areas were measured from digitized film images with computerized 

techniques. Information on breast cancer risk factors was obtained prospectively from biennial 

questionnaires.

Results—Percent breast density was more strongly associated with breast cancer risk in current 

postmenopausal hormone users (≥50% vs.10%: OR=5.34, 95% CI: 3.36–8.49) as compared to 

women with past (OR=2.69, 95% CI: 1.32–5.49) or no hormone history (OR=2.57, 95% CI: 1.18–

5.60, p-interaction=0.03). Non-dense area was inversely associated with breast cancer risk in 

parous women, but not in women without children (p-interaction=0.03). Associations of density 

with breast cancer risk did not differ by the levels of BMI, age at menarche, parity, age at first 

child’s birth, age at menopause, alcohol consumption, a family history of breast cancer, a history 

of benign breast disease, and physical activity.
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Conclusions—: Women with dense breasts, who currently use menopausal hormone therapy are 

at a particularly high risk of breast cancer. Most breast cancer risk factors do not modify the 

association between mammographic breast density and breast cancer risk.
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Introduction

Mammographic breast density is a well-established and strong predictor of breast cancer risk 

[1–4]. Appearance of the breast on the mammogram is a reflection of the amount of fat, 

connective tissue, and epithelial tissue in the breast [3]. Light (non-radiolucent) areas on the 

mammogram represent the fibrous and glandular tissues (“mammographically dense”), 

whereas, the dark (radiolucent) areas are primarily fat. Women with breasts of 75% or 

greater percent density (proportion of the total breast area that appears dense on the 

mammogram) are at 4- to 6-fold greater risk of breast cancer compared to women with more 

fat tissues in the breasts [3, 5, 6]. Absolute dense area of the breast that represents 

fibroglandular tissue has been shown to be positively associated with breast cancer risk in 

both pre- and postmenopausal women [7–13], while findings for the association between 

non-dense area of the breast (representing adipose tissue) and breast cancer risk have been 

conflicting [7, 9, 14, 15].

The evidence on how other breast cancer risk factors modify the association between breast 

density and breast cancer risk is limited. Significant interactions of percent breast density 

with Body Mass Index (BMI), use of oral contraceptives, and parity have been previously 

reported [16–18]. Association of percent mammographic density with breast cancer risk was 

stronger among women who never used OCs as compared to OC users and was stronger in 

women with BMI ≥26.7 as compared to those with lower BMI [16]. In parous women, the 

reduction in risk with greater parity was seen only in women with dense breasts as compared 

to women with lower density [17]. Another study reported 7.1 fold increase in breast cancer 

risk in nulliparous women with percent density 5% and greater as compared to parous 

women with <5% density [19]. In a study by Martin et al., the association of percent density 

with the risk of breast cancer appeared four times stronger in women with a family history 

and denser breasts (≥50%) as compared to women without a family history and low density 

(<10%) [20]. In our recent analysis of associations between percent breast density and breast 

cancer by menopausal status, hormone use and a family history of breast cancer, the 

magnitude of the association between percent density and breast cancer risk appeared to be 

stronger in premenopausal women and postmenopausal women currently using hormones as 

compared to postmenopausal women with past/never hormone use [21]. Interactions of 

absolute dense and non-dense areas with breast cancer risk factors have never been 

investigated.

Identification of risk factors that modify the association between breast density measures 

and breast cancer risk would allow for better risk prediction, and potentially identification of 

women at very high-risk of breast cancer. Additionally, if such interactions are found 
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between breast density and modifiable risk factors, such as alcohol and hormone use, 

specific targeted messages could be recommended for women with denser breasts. In the 

current study, we assess potential interactions of density measures with a wide range of 

established breast cancer risk factors (Body Mass Index, menopausal hormone therapy, age 

at menarche, age at menopause, parity/age at first child’s birth, alcohol consumption, a 

family history of breast cancer, a personal history of benign breast disease, and physical 

activity) using prospective data in postmenopausal women from the Nurses’ Health Study.

Participants and Methods

Participants for this nested case-control study were selected from the Nurses’ Health Study 

(NHS) prospective cohort, which followed registered nurses in the United States who were 

30–55 years old at enrollment. After administration of the initial questionnaire, the 

information on breast cancer risk factors (BMI, reproductive history, postmenopausal 

hormone [PMH] use, and alcohol use) and any diagnoses of cancer or other diseases was 

updated through biennial questionnaires [3, 22]. Breast cancer cases were confirmed through 

medical record review. A nested case-control approach was originally used as an efficient 

design to examine the association between endogenous hormones, breast density, and breast 

cancer risk within the NHS cohort [3]. Using incidence density sampling, women who did 

not have any type of cancer (other than non-melanoma skin cancer) at the time of the case’s 

cancer diagnosis (controls) were matched 1:1 or 1:2 with women diagnosed with in situ or 

invasive breast cancer (cases) on age at the time of blood collection, menopausal status and 

postmenopausal hormone use (current vs. not current) at blood draw, and day/time of blood 

draw. We made use of this study to examine the interactions between known breast cancer 

risk factors and breast density. The reference date was defined as the date of diagnosis for 

cases and their matched controls.

We obtained useable film mammograms closest to the time of blood collection from 1,304 

breast cancer cases diagnosed between June 1, 1989, and June 30, 2004 and 2,362 matched 

controls. Of the 3,666 women, 2,838 cases and controls combined (77%) were 

postmenopausal at the time of both the mammogram and the reference date. A total of 312 

(9 %) women were premenopausal at both dates, and 515 (14%) women were 

premenopausal at the time of the mammogram and became postmenopausal before the 

reference date; the menopausal status at the time of the mammogram was unknown for 1 

woman. Given this distribution, and results from previous studies suggesting possible 

differences in the association of breast density with pre- and postmenopausal breast cancer 

[23, 24], we restricted our analysis to women who were postmenopausal at the time of both 

the mammogram and reference date (1,044 cases and 1,794 controls). Such restriction also 

controls for potential density changes from the mammogram date to the reference date as a 

result of menopausal transition [2, 25]. This study was approved by the Institutional Review 

Board at the Brigham and Women's Hospital.

Mammographic Breast Density Assessment

To quantify mammographic density, the craniocaudal views of both breasts were digitized at 

261 µm per pixel with a Lumisys 85 laser film scanner (Lumisys, Sunnyvale, California). 
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The Cumulus software (University of Toronto, Toronto, Canada) was used for computer-

assisted determination of the absolute dense area, non-dense area, and percent 

mammographic density [3, 26]. During this assessment, the observer was blinded with 

respect to participant’s case-control status. As reported previously, the measure of 

mammographic breast density was highly reproducible (within person intra-class correlation 

coefficient was 0.93) [3]. The average percent density of both breasts was used in this 

analysis. The mean time between the mammogram date and the date of breast cancer 

diagnosis was 4.8 years (interquartile range 2–7 years). The mean time between 

mammogram and the reference date of controls was 4.2 years (interquartile range 1–7 

years).

Covariate Information

Information on breast cancer risk factors was obtained from the biennial questionnaires 

before the date of the breast cancer diagnosis (reference date) for cases and their matched 

controls. Women were considered postmenopausal if they reported (1) no menstrual periods 

within the 12 months prior to diagnosis date, if natural menopause, (2) having had bilateral 

oophorectomy, or hysterectomy with retention of at least one ovary, or (3) being 54 or 56 

years or older if a smoker or nonsmoker, respectively.

Statistical Analysis

The differences in distribution of the breast cancer risk factors in cases and controls were 

tested with Wilcoxon–Mann–Whitney test for breast density, two-sample t test if the 

variable was continuous and using χ2 test if the variable was categorical. We used 

unconditional logistic regression adjusted for matching factors to describe the association 

between breast density measures and breast cancer risk. The risk estimates were presented as 

odds ratios (ORs) and their corresponding 95% Confidence Intervals (95% CIs). In the 

logistic regression analysis, we modeled percent breast density as <10%, 10–24%, 25–49%, 

and ≥50% [21, 27]. We defined quartiles of absolute dense and non-dense area using the 

distribution of these density measures among controls (total absolute dense area: 1st: <17 

cm2; 2nd: 17–<32 cm2; 3rd: 32–<55 cm2; 4th : ≥55 cm2; non-dense area: 1st: <80 cm2; 2nd: 

80–<133 cm2; 3rd: 133–<203 cm2; 4th: ≥203 cm2). Variables that showed significant 

association with either breast cancer or breast density in previous studies, including those 

from NHS, were considered as potential confounders and included in adjusted logistic 

regression models. We included the following matching variables and potential 

confounders : age at diagnosis (continuous, years), body mass index (continuous, kg/m2), 

age at menarche (<12, 12–13, or >13 years), parity and age at first birth (i.e., age at the end 

of the first pregnancy lasting ≥6 months, modeled as nulliparous, any number of children 

with age at birth<25 years, any number of children with age at birth ≥25 years), menopausal 

hormone therapy (never used hormones, past hormone use, current hormone use), age at 

menopause (50, 50–<55, ≥55 years), a family history of breast cancer (yes or no), a biopsy-

confirmed history of benign breast disease (yes vs. no), alcohol consumption (0, <5, or ≥5 g/

day), and smoking status (ever vs. never). Association of density with breast cancer by the 

level of physical activity was examined in strata defined according to the physical activity 

quartiles (<4.4, 4.4–<12, 12–<25.5, and ≥25.5 mets/week). Association of density with the 
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risk of breast cancer by BMI was examined in women with BMI <25, 25–<30, and ≥30 

kg/m2.

Differences in the associations of breast density with breast cancer risk by the level of 

known risk factors was tested with two-way interactions and using Wald Chi-square test. 

For variables that were continuous in nature (alcohol consumption, age at menarche, age at 

menopause, BMI, physical activity, and density measures), we used respective medians 

within each of the categories for these variables to model the interaction. To test interactions 

of menopausal hormone therapy with density measures, we modeled hormone use as an 

ordinal variable. Next, we created a combined variable representing joint effects of 

menopausal hormone therapy and density. To test interactions of parity and age at first 

child’s birth with density, we first investigated the interaction of nulliparity (binary) with 

density. In a secondary analysis restricted to parous women only, we investigated separately 

interactions of parity and age at first child’s birth with density, all modeled as continuous 

variables. Finally, we examined the interaction of a birth index (combination of total parity, 

ages at each birth, and time since last birth) with density measures modeling these variables 

as continuous [28]. Statistical significance in all the analyses was assessed at 0.05 level. The 

analyses were performed using SAS software (version 9.2, SAS Institute, Cary, NC, USA).

Results

In this nested case-control study of 1,044 breast cancer cases and 1,794 matched controls, 

cases had a higher median percent breast density (27.8 vs. 20.5%, p <0.001), higher median 

absolute dense area (43.1 vs. 32.2 cm2, p <0.001), and lower median area of non-dense 

breast tissue (116.8 vs. 132.6 cm2, p <0.001) compared with controls. Characteristics of this 

study population have been previously described [27]. In summary, cases were more likely 

to be current postmenopausal hormone users (56.7% vs. 46.3%, p <0.001), were more likely 

to have a family history of breast cancer (19.5% vs.14.5%, p <0.001), and were more likely 

to have a biopsy-confirmed history of benign breast disease (33.4% vs. 25.8%, p <0.001). 

Cases and controls did not significantly differ with respect to other covariates.

In the multivariable analysis, higher percent density was associated with breast cancer risk 

increase (≥50% vs. <10%, odds ratio [OR] =3.36, 95% confidence interval [CI] 2.44–4.63, 

p-trend<0.0001). Larger absolute dense area was associated with an increase in breast cancer 

risk (4th vs. 1st quartile, OR=1.96, 95% CI 1.55–2.48, p-trend<0.0001), while larger non-

dense area was associated with breast cancer risk decrease (4th vs. 1st quartile, OR=0.51, 

95% CI 0.39–0.66, p-trend<0·0001) (Supplementary table S1).

We evaluated the association of postmenopausal breast density with breast cancer risk while 

stratifying women by the level of the established breast cancer risk factor. Percent breast 

density was more strongly associated with the risk of breast cancer in postmenopausal 

women currently taking hormones as compared to women with past hormone use or women 

with no history of postmenopausal hormone use as we have seen before (percent 

density≥50% vs. 10%: OR=5.34 [95% CI: 3.36–8.49] for current users, OR=2.69 [95% CI: 

1.32–5.49] for past users, OR=2.57 [95% CI: 1.18–5.60] for never users], p for 

interaction=0.03) (Table 1) [21]. When we considered percent breast density and 
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postmenopausal hormone use jointly in the analysis, the risk was 4.30 (95% CI: 2.79–6.65) 

times greater in women with current hormone use and dense breasts (≥50%) as compared to 

women with low density and no history of hormone use (Figure 1).

Absolute non-dense area was more strongly inversely associated with the risk of breast 

cancer in postmenopausal women currently taking hormones as compared to women with 

past hormone use or women with no history of postmenopausal hormone use (4th vs. 1st 

quartiles: OR=0.42 [95% CI: 0.30–0.61] for current users, OR=0.50 [95% CI: 0.28–0.92] for 

past users, OR=0.72 [95% CI: 0.41–1.29] for never users, p for interaction=0.04) 

(Supplementary table S2). The association of absolute dense area with breast cancer 

appeared to be stronger in postmenopausal women currently using hormones, but the 

interaction did not reach statistical significance (p for interaction=0.10) (Supplementary 

table S3).

We found no differences in the association of percent density with breast cancer risk when 

we compared nulliparous women to parous women (p-interaction=0.12) (Table 1). 

Additionally, we found no differences in the association of percent density with breast 

cancer risk when we restricted to parous women and examined interactions of percent breast 

density with age at first birth (p-interaction=0.21) and parity (p-interaction=0.15) (Table 1). 

Non-dense area was inversely associated with breast cancer risk in parous women, but not in 

nulliparous women (p-interaction=0.03) (Supplementary table S2). Among parous women, 

non-dense area was not associated with either number of children or age at first child’s birth 

(Supplementary table S2). The associations of absolute dense area with breast cancer risk 

did not differ by nulliparity and did not differ by parity and age at first child’s birth among 

parous women (Supplementary table S3). Interactions of percent breast density, absolute 

dense and non-dense area with birth index were not significant (p for interaction=0.50, 0.16, 

and 0.91, respectively).

We found a suggestive interaction of percent breast density with age at menarche, but there 

was no consistent trend across the levels of age at menarche (percent density≥50% vs. 10%: 

OR=5.44 [95% CI: 2.68–11.03] for menarche at age <12, OR=2.85 [95% CI: 1.87–4.36] for 

menarche at age 12–13, and OR=4.02 [95% CI: 1.97–8.19] for menarche at age >13, p for 

interaction=0.05) (Table 1). Associations of density measures with breast cancer risk did not 

differ by the levels of BMI, age at menopause, alcohol consumption, a family history of 

breast cancer, a personal history of benign breast disease, and physical activity.

Discussion

In this nested case-control study with 1,044 breast cancer cases and 1,794 matched controls, 

we found no differences in the association of postmenopausal breast density measures with 

breast cancer risk by a family history of breast cancer, a history of benign breast disease, 

alcohol use, BMI, physical activity, and age at menopause. However, the association of 

percent breast density and non-dense area with breast cancer risk differed according to 

menopausal hormone use and associations of non-dense area differed by nulliparity status. 

The magnitude of the association of percent breast density and non-dense area with breast 
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cancer risk was strongest in postmenopausal women currently taking hormones. The 

association of non-dense area was stronger in parous women.

Our results examining the association of breast density and breast cancer according to 

postmenopausal hormone use status are consistent with previous reports [21, 24]. Recent 

work by Kerlikowske et al. reported significant differences in the association between breast 

density and breast cancer risk according to menopausal status/hormone use among 14,090 

cases and 573,279 controls [24]. Studies of the effects of hormone therapy on breast density 

consistently show an increase in breast density among postmenopausal women on hormone 

therapy [29–32]. However, this hormone therapy-driven increase in breast density does not 

entirely explain the increase in breast cancer risk [33]. The joint effect of menopausal 

hormone therapy and high breast density on breast cancer risk could result from stimulation 

of a larger number of epithelial and stromal cells in denser breasts by hormones [3, 34] and, 

thus, higher potential for mutation and, subsequently, a greater breast cancer risk. This 

mechanism is consistent with results from our prior study which showed that women with 

high circulating hormone levels and high density were at the highest risk of breast cancer 

[3]. The role of adipose tissue in breast carcinogenesis is poorly understood. It has been 

previously suggested that the local estrogen conversion and production of cancer-promoting 

adipokines in the breast adipose tissue could increase breast cancer risk, which could result 

in a greater rather than decreased risk of breast cancer in women with larger amounts of 

adipose tissue [35]. According to another hypothesis, dense area might be reflective of 

postmenopausal lobular involution in the breast tissue that has been inversely associated 

with breast cancer risk in previous studies [25, 36, 37].

We found a significant interaction of non-dense area with breast cancer risk by nulliparity 

status, but did not find differences in the associations by parity or age at first child’s birth 

among parous women. Similarly, we did not find differences in the association of percent 

breast density and absolute dense area with breast cancer by either nulliparity or by parity 

and age at first child’s among parous women. Previous studies reported a stronger 

association of percent density with breast cancer risk in parous women [17, 19], but the 

differences in the association of non-dense area have never been investigated. Parity and 

younger age at first child’s birth have shown a protective effect on breast cancer risk in 

previous studies [38–40]. It was suggested that parity reduces the area of dense breast tissue 

and increases the area of non-dense tissue [41]. Our findings suggest that parous women 

with larger area of non-dense tissue were at a decreased risk of breast cancer as compared to 

nulliparous women. However, the number of nulliparous women in our study was small 

(n=83) and these finding should be interpreted with caution.

We explore, for the first time, interactions of a wide range of breast cancer risk factors with 

breast density measures in a large study from an established prospective cohort. Our study 

has a few limitations. The current analysis was restricted to women who were 

postmenopausal at the time of both mammogram and diagnosis, which constitutes the 

majority of the population assembled for the nested case–control study (77%). Our findings 

are thus limited to postmenopausal women and do not necessarily apply to premenopausal 

breast density or breast cancer. In addition, relatively small numbers of women in some of 

the strata might have resulted in chance findings that should be interpreted with caution.

Yaghjyan et al. Page 7

Breast Cancer Res Treat. Author manuscript; available in PMC 2015 March 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In conclusion, we investigated the interactions of percent breast density, absolute dense and 

non-dense areas with breast cancer risk factors. Our findings suggest that percent breast 

density may have a stronger association with breast cancer risk among postmenopausal 

women currently using postmenopausal hormones and non-dense area may have a stronger 

association in parous women. These finding warrant further investigation for a better 

understanding of underlying biological mechanisms driving these association patterns.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Odds ratios and 95% confidence intervals for the joint effects of percent density and 

postmen opausal hormone use on breast cancer risk
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