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Abstract

Objective—We investigated the associations between reproductive and menstrual risk factors for 

breast cancer and mammographic density, a strong risk factor for breast cancer, in a 

predominantly ethnic minority and immigrant sample.

Methods—We interviewed women (42% African American, 22% African Caribbean, 22% 

White, 9% Hispanic Caribbean, 5% other) without a history of breast cancer during their 

mammography appointment (n = 191, mean age = 50). We used a computer-assisted method to 

measure the area and percentage of dense breast tissue from cranio-caudal mammograms. We used 
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multivariable linear regression analyses to estimate the associations between reproductive and 

menstrual risk factors and mammographic density.

Results—Age was inversely associated with percent density and dense area, and body mass 

index (BMI) was inversely associated with percent density. Adjusting for age, BMI, ethnicity and 

menopausal status, later age at menarche (e.g., β = −7.37, 95% CI: −12.29, −2.46 for age ≥13 

years vs. ≤ 11 years), and any use of hormonal birth control (HBC) methods (β = −5.10, 95% CI: 

−9.37, −0.84) were associated with reduced dense area. Ethnicity and nativity (foreign- vs. US-

born) were not directly associated with density despite variations in the distribution of several risk 

factors across ethnic and nativity groups.

Conclusions—The mean level of mammographic density did not differ across ethnic and 

nativity groups, but several risk factors for breast cancer were associated with density in ethnic 

minority and immigrant women.
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Introduction

Mammographic density represents the extent of radiologically dense breast tissue, composed 

primarily of epithelial and stromal tissue [1]. Higher mammographic density, measured 

through quantitative estimates of the area and percent of dense tissue (dense area and 

percent density, respectively) or through categorical estimates (e.g., Breast Imaging 

Reporting and Data System [BIRAD] categories), has been strongly and independently 

associated with increased risk of breast cancer [1–5]. Many risk factors for breast cancer 

also similarly influence mammographic density [1, 3, 6–10], and changes in mammographic 

density have been shown to lead to changes in breast cancer risk [11]. Despite the growing 

research on mammographic density and the potential for targeting mammographic density in 

breast cancer prevention efforts, most studies of mammographic density have not focused on 

ethnic minority and immigrant women.

Breast cancer incidence varies substantially across ethnic groups in the United States (US) 

with most ethnic minority women showing a lower lifetime risk than white women [12]. 

Recent evidence has also revealed ethnic differences in predominant breast tumor features 

such as tumor grade and hormone-receptor status, with young African American women 

having the highest prevalence of more aggressive breast cancer tumor types [13, 14]. To 

date, only a few studies have compared mammographic density patterns among African 

American and Hispanic women to those in other ethnic groups [9, 15– 18]. These studies 

have produced conflicting results for comparisons between African American and other 

ethnic groups [15–18], but have generally reported similar mammographic densities in 

Hispanic and non-Hispanic white women [16, 18, 19]. Furthermore, although several studies 

have investigated variations in mammographic density among subgroups of Asian and 

Pacific Islander women in the US by country of origin or acculturation [20–22], no study 

has explored the heterogeneity that may exist within the African American and Hispanic 

populations with respect to breast cancer risk factors and mammographic density.
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Women of Caribbean descent in the United States are likely to be grouped with African 

Americans or Hispanics in most studies. Differences in cultural and socioeconomic factors 

as well as migration history in the Caribbean population when compared with other African 

American/Black and Hispanic groups may suggest distinct risk profiles across these ethnic 

populations [23–29]. Only one study conducted in the U.K. has specifically compared 

mammographic density patterns in women of Caribbean origin to other ethnic groups and 

reported that African Caribbean women had lower mammographic density than white 

women but higher mammographic density than South Asian women living in the U.K. [30]. 

We undertook a study of mammographic density in relation to menstrual and reproductive 

risk factors for breast cancer in a multiethnic sample of African American, white, and 

Caribbean women living in New York City.

Methods

Study setting and population

The New York City Multiethnic Breast Cancer Project is a collaborative study between 

Columbia University in Manhattan, and Long Island University and Long Island College 

Hospital (LICH) in Brooklyn. Study participants are 200 women who were recruited during 

screening mammography appointments, in the Radiology Department of LICH from January 

2007 to April 2008; recruitment occurred on two days per week when mammograms were 

performed. Participants provided a signed medical release form to allow us to retrieve their 

mammograms and provided information on epidemiologic risk factors and 

sociodemographic characteristics. In the current analysis, we excluded five participants who 

reported a prior history of breast cancer and four participants whose mammograms were 

unavailable and/or of poor image quality (n = 191). The Internal Review Boards at all three 

participating institutions approved this study, and all participants provided written informed 

consent.

Epidemiologic risk factors

We collected epidemiologic data through a 30 to 45-minute in-person interview, including 

information on personal and family medical history, body size, reproductive history, and 

sociodemographic factors. Body mass index (BMI) was calculated as self-reported weight in 

kilograms (converted from pounds by multiplying by 0.454) divided by height squared in 

meters (converted from inches by multiplying by 0.0254). Data on gynecologic surgeries 

and recent menstrual history were used to categorize menopausal status into postmenopausal 

(women with 12 or more months between the dates of interview and last menstrual period, 

including women with bilateral oophorectomy) and pre-/perimenopausal status (women with 

less than 12 months between the dates of interview and last menstrual period, hereafter 

referred to as “premenopausal”). If data on the date of last menstrual period and 

reproductive surgery were not available (11.5% of participants), we classified women 

younger than 54 years as premenopausal and women 54 years or older as postmenopausal, 

based on the 90th percentile of age of natural menopause among postmenopausal women in 

the sample. The number and outcome of each pregnancy, age at each pregnancy, and 

breastfeeding duration for each live birth was used to develop measures of gravidity 

(number of pregnancies and categorized into 0, 1–2, 3, ≥4 pregnancies), parity (number of 
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full-term pregnancy defined as pregnancies lasting 28 weeks or longer; categorized into no 

full-term pregnancies/nulliparous, 1 full-term pregnancy, ≥2 full-term pregnancies), age at 

first full-term pregnancy (FFTP, in years), and lifetime lactation history (nulliparous, parous 

and never breastfed, parous and breastfed ≤12 months, parous and breastfed >12 months). 

Exogenous hormonal exposure was measured by past and current use of hormone 

replacement therapy (HRT) and hormonal birth control (HBC) methods (e.g., pills, shots, 

patches, and implants). We developed the following variables based on these data: Ever use 

of HRT, ever use of HBC, duration of HBC use (never used,<5 years, ≥5 years), and HBC 

use in relation to parity (use after FFTP, use before FFTP, parous but never use, 

nulliparous). A positive family history of breast cancer was indicated by any history of 

breast cancer in participant’s mother, father, or full biological siblings.

Racial and ethnic groups were categorized based on self-reported racial group, Hispanic 

origin, and participants’ and their parents place of birth. We considered participants to be 

Caribbean if they reported a Caribbean country as their birthplace or the birthplace of at 

least one parent. We further divided this group into African Caribbean (from English- and 

Creole-speaking Caribbean countries, e.g., Jamaica, Haiti, Barbados and Tobago) and 

Hispanic Caribbean (from Spanish speaking Caribbean countries, e.g., Dominican Republic, 

Puerto Rico). Other participants were classified as non-Caribbean Hispanic, non-Hispanic 

non-Caribbean African American (African American), non-Hispanic non-Caribbean white 

(white) and other ethnicities. We also used birthplace data to categorize participants into two 

groups of US-born and foreign-born women (nativity). Other sociodemographic variables 

included age (in years) and highest educational attainment (high school or less education, 

some college or associate degree, and college degree or higher education).

Mammographic density assessment

We used mammograms taken on the day of study interview data for 84% (n = 160) of 

participants. We used mammograms from a different date if the interview was partially 

completed on a later date, or mammograms taken on the date of interview were of poor 

image quality or not available for shipment to Columbia University. The median number of 

days between the dates of mammogram and interview for these 31 participants was 14 days. 

We assessed mammographic density using the left craniocaudal view mammograms in all 

but 4 participants who only had right breast mammograms available. There is a high 

correlation between density in right and left breast as reported in previous research [31]. We 

digitized all films using a Kodak Lumisys Film Digitizer (Kodak LS85) and measured 

mammographic density using Cumulus, a thresholding computer software. A single expert 

reader, blinded to all other study data, outlined the total breast area and dense area on the 

digitized image of the mammogram, and the software measured the sizes of these areas by 

identifying the number of pixels within the outlined areas. Percent density was calculated as 

dense area divided by total breast area, expressed as a percentage, and total dense area was 

calculated by converting the number of pixels into cm2. We read one film per participant, in 

batches of approximately 50 films. We read a 10% randomly selected sample of films twice 

and obtained Pearson correlation coefficients of 0.99 for breast area and 0.9 for dense area 

for the repeated readings.
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Statistical analyses

We performed analysis of variance and chi-square tests to determine whether the 

distribution of risk factors differed between ethnic and nativity groups. We used linear 

regression models to examine the associations between measured risk factors and percent 

density and dense area as continuous variables. We first examined unadjusted associations 

and age- and BMI-adjusted associations between each risk factor and each density measure. 

The multivariable models included race/ethnicity, menstrual and reproductive factors, and 

any confounding variable that changed the estimate of these factors by at least 10%. We also 

explored whether ethnicity and/or nativity modified the association between each risk factor 

and density by including an interaction term between each of these variables (i.e., ethnicity 

and nativity) and each risk factor (e.g., parity, family history, BMI) in separate model; a 

statistical additive interaction was indicated if the P-value for the interaction term was less 

than 0.05. Participants with a missing value on any variables were excluded from the 

analyses. All variables had missing data less than 3%, with the exception of duration of 

HBC use which had a 4.7% missing data.

Results

The study sample included 191 women with an average age of 50.0 years (standard 

deviation [SD] ± 5.7, range: 39.8–60.9) at the time of the interview and an average BMI of 

29.8 kg/m2 (SD ± 6.7, range: 17.6, 61.5). About two-thirds of participants were either pre- 

or perimenopausal, and only 16 women reported having ever used HRT. Among the 135 

parous participants, the average age at FFTP was 23.0 (SD ± 7.0, range: 13–45) and 56% 

had breastfed their children. Participants represented 6 ethnic groups: African American 

(42%), African Caribbean (22%), white (22%), Hispanic Caribbean (9%), Hispanic non-

Caribbean (3%), and other (2%). Due to small sample size in some groups, we limited our 

analyses of ethnic differences in density to the three largest ethnic groups of African 

American (n = 81), African Caribbean (n = 42), and white (n = 41). Over one-third of the 

participants were born in a foreign country, and 88% of African Caribbean women were 

foreign-born. The distribution of breast cancer risk factors varied by ethnicity with African 

American and African Caribbean women having a higher BMI, higher gravidity, higher 

parity and earlier age at .FFTP, when compared with white women (Table 1). Other ethnic 

differences included a lower prevalence of breastfeeding and lower educational attainment 

among African American women, and a higher prevalence of first HBC use before age 21 

among white women. There were also differences by nativity with foreign-born women 

being more likely to have breastfed but less likely to have ever used HBC and used HBC 

before FFTP when compared with US-born women (Table 1).

Table 2 shows the univariable linear regression coefficient and 95% confidence intervals 

(CI) for each menstrual and reproductive factor and the two measures of density (percent 

density and dense area). Increasing age and postmenopausal status were significantly 

associated with both reduced percent density and dense area. A family history of breast 

cancer and later age at FFTP were associated with higher percent density whereas increasing 

BMI, lower levels of education and HBC use after FFTP were associated with lower percent 
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density. Later age at menarche, HBC use, duration and use after FFTP were also associated 

with smaller dense area.

As displayed in Table 3, adjustment for age and BMI reduced the magnitude of most 

associations for percent density and no other associations reached statistical significance. 

We further examined whether the associations of age and BMI with percent density were 

influenced by adjustment for ethnicity, menopausal status, and parity. Although menopausal 

status was not significantly associated with percent density after adjustment for age, it 

affected the parameter estimate for the association between age and percent density by over 

10% and was therefore included in the final multivariable models.

Similar to results from models of percent density, adjusting for differences in age and BMI 

attenuated the associations between each risk factor and dense area (Table 4). In age- and 

BMI-adjusted models, we observed smaller dense area in women with later age at menarche 

(β = −6.10, 95% CI: −10.94, −1.27 and β =− 4.23, 95% CI: −9.58, 1.12 for age at menarche 

≥13 and 12 vs. ≤11, respectively) and for women with previous HBC use (β = −5.19, 95% 

CI: −9.46, −0.93). Women who had used HBC for less than five years did not have a 

significantly different dense area when compared with women who used HBC for more than 

five years (β = −5.65, 95% CI: −10.80, −0.50 and β = −5.20, 95% CI: −9.96, −0.45, 

respectively, relative to non-users). Parous women who had used HBC after their FFTP had 

significantly lower dense area when compared with nulliparous women (β = −7.57, 95% CI: 

−13.23, −1.90) while parous women who used HBC before FFTP and parous women who 

never used HBC did not have significantly different dense area than nulliparous women (β = 

−2.03, 95% CI: −7.19, 3.13 and β = 1.05, 95% CI: −4.82, 6.92, respectively).

The three ethnic groups and the two nativity groups did not differ significantly in percent 

density or dense area in unadjusted or adjusted models (See Fig. 1, Fig. 2; Table 3, Table 4; 

e.g., Table 3, final model for Percent Density with African Americans as the reference 

group: β = 0.06, 95% CI: −4.11, 4.23 for white women; β = −0.49, 95% CI: −4.34, 3.36 for 

African Caribbean women; and β = −2.16, 95% CI: −6.67, 2.35 for the other ethnic group). 

We found evidence for a statistically significant interaction between ethnicity and HBC use 

for dense area, with inverse significant association for African Caribbean women (β = 

−15.34, 95% CI: −23.73, −6.95), and inverse borderline significant association for African 

American women (β = −6.32, 95% CI: −13.03, 0.38) (Fig. 3). The interaction effects of 

HBC use and ethnicity on percent density (P = 0.07), and of HBC use and nativity on both 

percent density (P = 0.25) and dense area (P = 0.12) did not reach statistical significance. 

While we also observed a significant interaction between family history and ethnicity (P = 

0.01 and P = 0.05 for percent density and dense area, respectively), the small number of 

participants with a family history of breast cancer per ethnic group resulted in very large 

confidence intervals and imprecise estimates (only 3 African Caribbean women and 9 

African American women reported a positive family history of breast cancer). Other 

variables including those in the final model (age, BMI, age at menarche and menopausal 

status) did not show an interaction effect with ethnicity or nativity on either measure of 

density.
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Discussion

We investigated the associations between menstrual and reproductive factors and 

mammographic density in a multiethnic sample of middle-aged women. We examined both 

percent density and dense area, which respectively capture the relative and absolute amount 

of dense breast tissue. Studies that examine both percentage and absolute dense area have 

largely observed similar overall patterns with breast cancer risk factors. However, there are 

some differences in the magnitude of the associations as well as the type of risk factors 

associated with dense area and percent density across studies [32–35]. The reasons for these 

differences and their significance to breast cancer etiology remain largely unknown. Non-

dense fat tissue and hence percent density are highly dependent on body size and weight [36, 

37], factors that vary considerably by ethnicity [30, 38, 39]. In contrast, dense area has been 

less strongly and less consistently associated with body size and weight [19, 32, 40, 41]. 

Consistent with this research, BMI was strongly associated with percent density in our 

study, but it did not appear to significantly affect the extent of dense area. Age and 

postmenopausal status were inversely associated with both dense area and percent density 

although the associations for menopausal status did not reach statistical significance in 

multivariable models. We also observed significant associations between later age at 

menarche and hormonal birth control use and reduced dense area, after adjusting for age, 

BMI, and menopausal status. Furthermore, we did not observe significant differences in 

either dense area or percent density by ethnicity or nativity (i.e., direct associations between 

ethnicity and nativity and density), but found some evidence for ethnic differences in the 

associations between HBC use and dense area. (i.e., effect modification of association 

between HBC and dense area by ethnicity).

Menstrual and reproductive factors can influence mammographic density through exposures 

to endogenous and exogenous hormones, which may contribute to changes in breast tissue 

proliferation [42]. Research has more consistently reported associations between high 

mammographic density and nulliparity, later age at first birth and premenopausal status, 

while relatively less research has examined and/or consistently reported associations 

between mammographic density and menarcheal age and HBC use, primarily oral forms of 

HBC. Our finding that later age at menarche is associated with reduced dense area is 

consistent with the association between later age at menarche and reduced breast cancer risk. 

However, prior research has mainly found no associations [7, 30, 40, 43, 44] or positive 

associations [9, 35, 41, 45] between menarcheal age and mammographic density. It is 

possible that the association between age at menarche and mammographic density is 

affected by other exposures in later life periods. For example, earlier menarche is related to 

higher adult BMI [46–48], and adjustment for BMI in our study strengthened the inverse 

association between menarcheal age and dense area. Variations in the type of covariates 

considered in different studies as well as differences in study populations and density 

measures may account for the different findings reported.

We found that HBC use was associated with smaller dense area. Our measure of HBC 

included non-oral forms including hormonal patches and injections, but only 5.7% of HBC 

users had exclusively used non-oral forms of HBC (81.7% only used the oral form of HBC). 

As a result, our findings are likely to be comparable to most published results that have 
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included measures of oral contraceptive or pill use. The effect of oral birth control use on 

breast cancer risk is believed to be transient and diminish over time with cessation of use 

[49]. The age at initiation of oral contraceptive use, particularly in relation to parity, may 

also play a role in the association between hormonal contraceptive use and breast cancer risk 

[50]. Only three women in our study currently used HBC and 14 (11.2%) had used HBC in 

the last 10 years. Duration of HBC use also did not appear to influence dense area but 

smaller dense area was observed particularly in women who initiated HBC use after their 

FFTP. Because the direction and strength of the association between HBC use and dense 

area varied by ethnicity in our sample, the differences in the ethnic composition of our study 

sample and those of other studies may at least partially explain the different results found in 

our study. Furthermore, the observed associations may reflect differences in the type and 

content of HBC methods that may exist across ethnic groups. Due to the small sample size 

in our study, we cannot explore these alternative explanations, including the role of 

statistical chance. Interestingly, a recent study also reported that ethnicity modified the 

association between oral contraceptive use and mammographic density among white women 

and first generation African Caribbean women in the U.K [30]. However, the direction of 

the associations between oral contraceptive use and density in the Caribbean women in that 

study was opposite to ours, with African Caribbean women living in the U.K. who had used 

oral contraceptive having a higher density than never users. This study reported no 

associations between oral contraceptive use and mammographic density for U.K. white 

women, which is similar to our results for white women [30].

We expected similar distributions of breast cancer risk factors for African Americans and 

African Caribbean women due to shared ancestral origin in West Africa (density is highly 

heritable [51]) as well as the expectation that African Caribbean immigrants may integrate 

into the African American communities and culture in the United States and therefore may 

share common environmental and lifestyle risk factors for breast cancer. The two groups 

were similar to each other and distinct from white women in terms of BMI, gravidity, parity, 

and age at first full-term pregnancy. The African Caribbean women in this study showed 

considerable heterogeneity with respect to the country of origin, which represented 8 

countries. The best estimates from the GLOBOCAN program of the International Agency 

for Research in Cancer (IARC) suggests substantial variations in breast cancer risk within 

the Caribbean region; however, in all the seven Caribbean countries represented in 2002 in 

the GLOBOCAN program, breast cancer incidence rates were lower than the rates observed 

among US African American and white women in the National Cancer Institute’s 

Surveillance, Epidemiology, and End Results (SEER) registries [52]. We also did not find 

lower percent density or dense area in foreign-born immigrant women when compared with 

US-born women. It is possible that nativity affects mammographic density within each 

ethnic group, but we were not able to assess this, because in our sample only a few African 

Caribbean women were US-born and very few white and African Americans were foreign-

born. It is also possible that ethnic differences in breast cancer risk involve pathways that do 

not include mammographic density.

Our overall study was limited by data on a single measure of mammographic density, and 

hence we were unable to examine if reproductive and menstrual factors were associated with 

changes in density over time. Mammographic density is not a static biologic marker; rather 
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it declines with age, reflecting the aging of the breast tissue [53]. Risk factors that were not 

associated with density in our cross-sectional analyses, including ethnicity and nativity, may 

still influence the rate of decline in density over time, and thus affect the exposure to varying 

levels of density across the lifecourse. Studies with repeated measures of density are needed 

to better understand longitudinal changes in density and factors associated with these 

changes.

Our study strengths include the unique ethnic composition of the study population and 

thorough assessment of breast cancer risk factors collected at the time of mammography 

visit. The use of a single mammography location, with uniform mammography calibration 

and a small number of mammography technicians, and a standardized protocol for 

mammographic density assessment that included a single digitizer, computer, and expert 

reader also reduce the potential for errors in the measurement of density. The high 

mammography rates in New York City women (about 72% in whites, 80% in African 

American and 75% in Hispanics in the past two years, ages 40 and older) also reduce the 

limitations on the generalizability of findings arising from our recruitment of a screened 

population [54].

In conclusion, the mean level of mammographic density did not differ across ethnic and 

nativity groups, but several risk factors for breast cancer were associated with density in 

ethnic minority and immigrant women.
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Fig. 1. 
Boxplot distribution of percent density by race/ethnicity and nativity status. The boxes show 

the 25th and 75th percentiles, the whiskers above and below the box show the range of the 

distribution, the middle horizontal lines show the median and the asterisks show the mean
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Fig. 2. 
Boxplot distribution of dense area (cm2) by race/ethnicity and nativity status. The boxes 

show the 25th and 75th percentiles, the whiskers above and below the box show the range of 

the distribution, the middle horizontal lines show the median and the asterisks show the 

mean
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Fig. 3. 
The associations between hormonal birth control use and mammographic density by 

ethnicity. Filled squares are coefficients. Error bars are 95% confidence intervals

Tehranifar et al. Page 15

Cancer Causes Control. Author manuscript; available in PMC 2015 March 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tehranifar et al. Page 16

Table 1

Sample characteristics of New York City Multiethnic Breast Cancer Project (n = 191); 2007–2008

Overall 
sample

(N = 191)
Mean(SD)/
percent (n)

African 
American
(N = 81)

Mean (SD)/
percent (n)

African 
Caribbean

(N = 42)
Mean (SD)/
percent (n)

White
(N = 41)

Mean (SD)/
percent (n)

US-born
(N = 122)

Mean (SD)/
percent (n)

Foreign-born
(N = 68)

Mean (SD)/
percent (n)

Age at interview (year) 50.0 (5.7) 50.2 (5.6) 49.5 (5.5) 50.1 (5.9) 50.1 (5.9) 49.8 (5.4)

Body mass index (kg/m2) 29.8(6.7) 31.5 (6.6)a 30.1 (6.8) 25.5 (4.8) 30.3 (6.9) 28.7 (6.3)

Race/ethnicity

  African American 42.4 (81) n/a n/a n/a 61.5 (75)b 7.4 (5)

  African Caribbean 22.0 (42) 4.1 (5) 54.4 (37)

  White 21.5 (41) 26.2 (32) 13.2 (9)

  Hispanic Caribbean 9.4 (18) 6.6 (8) 14.7 (10)

  Hispanic non-Caribbean 3.1 (6) <1 (1) 7.4 (5)

  Other 1.6 (3) <1 (1) 2.9 (2)

Nativity

  US-born 64.2 (122) 93.8 (75)a 11.9 (5) 78.0 (32) N/A N/A

  Foreign-born 35.8 (68) 6.3 (5) 88.1 (37) 22.0 (9)

Positive family history of breast cancer 13.2 (25) 11.1 (9) 7.3 (3) 9.8 (4) 12.3 (15) 14.9 (10)

Age at menarche (year) 12.4 (1.8) 12.5 (1.7) 12.7 (2.0) 12.8 (1.6) 12.3 (1.7) 12.6 (2.0)

Gravidity 2.8 (1.9) 2.8 (2.0)a 3.2 (2.0) 2.1 (1.9) 2.6 (1.9) 3.0 (1.9)

Parity 1.6 (1.5) 1.6 (1.6) 1.7 (1.5) 1.0 (1.1) 1.4 (1.4)b 1.9 (1.6)

Age at first full-term pregnancy
  (in parous women, year)

23.0 (7.0) 21.3 (6.9)a 21.7 (5.9) 29.1 (6.2) 22.7 (6.8) 23.3 (7.3)

Ever breast fed 39.5 (75) 27.5 (22)a 61.9 (26) 39.0 (16) 28.9 (35)b 58.8 (40)

Breastfeeding duration

  Nulliparous 29.1 (55) 29.1 (23)a 26.2 (11) 43.9 (18) 31.7 (38)b 23.5 (16)

  Parous, never breastfed 31.7 (60) 44.3 (35) 11.9 (5) 17.1 (7) 40.0 (48) 17.6 (12)

  Parous, breastfed 1–12 months 20.6 (39) 16.5 (13) 35.7 (15) 7.3 (3) 14.2 (17) 32.4 (22)

  Parous, breastfed >12 months 18.5 (35) 10.1 (8) 26.2 (11) 31.7 (13) 14.2 (17) 26.5 (18)

Ever hormonal birth control (HBC) use 68.6 (131) 71.6 (58) 57.1 (24) 70.7 (29) 76.2 (93)b 54.4 (37)

Duration of HBC use (month) 66.4 (67.6) 66.8 (69.7) 47.6 (46.8) 83.4 (68.8) 71.3 (70.1) 55.9 (60.9)

Age at first HBC use (in users)

  ≤20 years 58.5 (76) 56.1 (32)a 45.8 (11) 82.8 (24) 65.2 (60)b 43.2 (16)

  >20 years 41.5 (54) 43.9 (25) 54.2 (13) 17.2 (5) 34.8 (32) 56.8 (21)

Time since last HBC use (in users)

  >30 years 24.8 (31) 27.3 (15) 20.8 (5) 25.9 (7) 27.3 (24) 19.4 (7)

  >20 years to ≤30 years 44.0 (55) 49.1 (27) 45.8 (11) 29.7 (8) 43.2 (38) 44.4 (16)

  >10 years to ≤20 years 20.0 (25) 16.4 (9) 25.0 (6) 25.9 (7) 18.2 (16) 25.0 (9)

  Current user or ≤10 years 11.2 (14) 7.3 (4) 8.4 (2) 18.5 (5) 11.3 (10) 11.1 (4)

HBC use in relation to parity (in parous 
women)
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Overall 
sample

(N = 191)
Mean(SD)/
percent (n)

African 
American
(N = 81)

Mean (SD)/
percent (n)

African 
Caribbean

(N = 42)
Mean (SD)/
percent (n)

White
(N = 41)

Mean (SD)/
percent (n)

US-born
(N = 122)

Mean (SD)/
percent (n)

Foreign-born
(N = 68)

Mean (SD)/
percent (n)

  Parous but never used 26.9 (36) 25.0 (14)a 35.5 (11) 17.4 (4) 19.5 (16)b 38.5 (20)

  Used before first full-term pregnancy 41.0 (55) 41.1 (23) 25.8 (8) 78.3 (18) 48.8 (40) 28.9 (15)

  Used after first full-term pregnancy 32.1 (43) 33.9 (19) 38.7 (12) 4.3 (1) 31.7 (26) 32.7 (17)

Menopausal status

  Pre-/peri-menopausal 64.9 (124) 59.3 (48) 73.8 (31) 73.2 (30) 63.1 (77) 69.1 (47)

  Postmenopausal 35.1 (67) 40.7 (33) 26.2 (11) 26.8 (11) 36.9 (45) 30.9 (21)

Education

  ≤High school 29.1 (55) 35.0 (28)a 23.8 (10) 10.0 (4) 27.5 (33) 32.4 (22)

  Some college/associate deg 33.9 (64) 38.8 (31) 50.0 (21) 17.5 (7) 32.5 (39) 35.3 (24)

  ≥College degree 37.0 (70) 26.3 (21) 26.2 (11) 72.5 (29) 40.0 (48) 32.4 (22)

SD, standard deviation; HBC, hormonal birth control methods

a
p < 0.05 for comparison across three ethnic groups

b
p < 0.05 for US-born versus foreign-born
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Table 2

Unadjusted linear regression estimates of percent density and dense area (cm2), New York City Multiethnic 

Breast Cancer Project (n = 191), 2007–2008

Percent Density
β 95% CI

Dense Area
β 95% CI

Age (year) −0.67 −0.95, −0.40 −0.85 −1.19, −0.50

Body mass index (kg/m2) −0.65 −0.87, −0.42 −0.30 −0.61, 0.01

Race/ethnicity

  African Caribbean 1.01 −3.25, 5.26 1.03 −4.43, 6.50

  White 3.90 −0.39, 8.19 0.35 −5.16, 5.85

  Other −1.41 −6.38, 3.56 −4.04 −10.42, 2.35

  African American Reference Reference

Nativity

  Foreign-born 0.91 −2.50, 4.32 1.23 −3.13, 5.58

  US-born Reference Reference

Family history of breast cancer 4.88 0.09, 9.67 3.93 −2.08, 9.94

Age at menarche

  ≥13 0.88 −3.09, 4.86 −4.17 −9.20, 0.87

  12 1.19 −3.25, 5.62 −2.80 −8.43, 2.82

  ≤11 Reference Reference

Gravidity

  ≥4 0.55 −4.72, 5.81 −1.36 −8.05, 5.33

  3 −1.39 −7.13, 4.36 −4.76 −12.06, 2.55

  1,2 1.11 −4.14, 6.36 −0.35 −7.03, 6.32

  0 Reference Reference

Parity

  ≥2 full-term child −2.97 −6.85, 0.92 −5.20 −10.14, −0.26

  1 full-term child 0.91 −3.41, 5.23 −0.72 −6.21, 4.78

  Nulliparous Reference

Age at first full-term pregnancy (adjusted for parity) 0.31 0.04, 0.59 0.21 −0.15, 0.56

Breastfeeding duration

  Parous, breastfed >12 months 0.33 −4.55, 5.20 −3.38 −9.60, 2.83

  Parous breastfed 1–12 months −1.81 −6.53, 2.91 −3.47 −9.48, 2.55

  Parous, never breastfed −2.11 −6.32, 2.10 −3.29 −8.66, 2.07

  Nulliparous Reference Reference

Ever Hormonal birth control use −2.53 −6.02, 0.96 −6.35 −10.74, −1.96

Duration of hormonal birth control use

  ≥5 years −1.99 −6.26, 2.27 −6.63 −11.94, −1.31

  <5 years −3.14 −7.09, 0.80 −6.60 −11.52, −1.69

  Never used Reference Reference

HBC use in relation to parity

  Used after first full-term pregnancy −7.71 −12.08, −3.33 −10.00 −15.63, −4.37
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Percent Density
β 95% CI

Dense Area
β 95% CI

  Used before first full-term pregnancy 1.45 −2.65, 5.55 −1.66 −6.94, 3.62

  Parous but never used 1.62 −2.98, −6.23 1.78 −4.15, 7.71

  Nulliparous Reference Reference

Menopausal status

  Postmenopausal versus pre-/perimenopausal −6.99 −10.26, −3.73 −8.78 −12.95, −4.61

Education

  ≤High school −4.50 −8.50, −0.50 −2.04 −7.25, 3.17

  Some college or associate degree −4.69 −8.52, −0.85 −1.22 −6.22, 3.78

  Bachelor, masters or doctoral degree Reference Reference

CI, confidence interval; HBC, hormonal birth control
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Table 3

Multivariable linear regression estimates of percent density, New York City Multiethnic Breast Cancer 

Project, 2007–2008

Age- and BMI-adjusted
models (n =191)a
β 95% CI

Final model
(n = 187)b
β 95% CI

Age (year) n/a −0.53 −0.90,−0.16

Body mass index (kg/m2) n/a −0.59 −0.82, −0.36

Race/ethnicity

  African Caribbean −0.32 −4.13, 3.49 −0.49 −4.34, 3.36

  White 0.25 −3.87, 4.38 0.06 −4.11, 4.23

  Other −2.18 −6.69, 2.32 −2.16 −6.67, 2.35

  African American Reference Reference

Nativity

  Foreign-born vs. US-born −0.25 −3.31, 2.82

Family history of breast cancer 3.28 −1.09, 7.65

Age at menarche

  ≥13 −1.34 −4.93, 2.25

  12 −0.31 −4.28, 3.65

  ≤11 Reference

Gravidity

  ≥4 1.88 −2.81, 6.56

  3 −0.17 −5.25, 4.90

  1,2 1.78 −2.87, 6.42

  0 Reference

Parity

  ≥2 full-term child −1.56 −5.07, 1.95

  1 full-term child 1.01 −2.86, 4.88

  Nulliparous Reference

Age at first full-term pregnancy (adjusted for parity) 0.05 −0.21, 0.31

Breastfeeding duration

  Parous, breastfed >12 months −0.46 −4.88, 3.96

  Parous breastfed 1–12 months −1.09 −5.35, 3.17

  Parous, never breastfed −0.18 −4.02, 3.66

  Nulliparous Reference

HBC use

  Ever vs. never −1.40 −4.56, 1.76

Duration of HBC use

  ≥5 years −1.49 −5.33, 2.36

  <5 years −1.39 −4.94, 2.16

  Never used Reference

HBC use in relation to parity

  Used after first full-term pregnancy −4.12 −8.29, 0.04
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Age- and BMI-adjusted
models (n =191)a
β 95% CI

Final model
(n = 187)b
β 95% CI

  Used before first full-term pregnancy 0.82 −2.97, 4.61

  Parous but never used 1.47 −2.84, 5.78

  Nulliparous Reference

Menopausal status

  Postmenopausal vs. Pre-/perimenopausal −1.68 −6.03, 2.67 −1.56 −6.01, 2.88

Education

  ≤High school −2.20 −5.92, 1.52

  Some college or associate degree −2.82 −6.40, 0.76

  Bachelor, masters or doctoral degree Reference

CI, confidence interval; HBC, hormonal birth control

a
Sample size may vary due to missing data

b
Final model includes race/ethnicity, variables with statistically significant associations with density and confounding variables (see “Statistical 

analyses” )
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Table 4

Multivariable linear regression estimates of dense area (cm2), New York City Multiethnic Breast Cancer 

Project, 2007–2008

Age- and BMI-adjusted
models (n =191)a
β 95% CI

Final modelb
(n = 186)
β 95% CI

Age (year) n/a −0.54 1.04, −0.03

Body mass index (kg/m2) n/a −0.30 −0.61, 0.00

Race/ethnicity

  African Caribbean −0.05 −5.25, 5.15 −0.80 −5.96, 4.35

  White −1.63 −7.26, 3.99 −1.43 −6.98, 4.12

  Other −4.63 −10.77, 1.51 −5.89 −11.95, 0.16

  African American Reference Reference

Nativity

  Foreign-born vs. US-born 0.59 −3.60, 4.79

Family history of breast cancer 3.35 −2.44, 9.14

Age at menarche

  ≥13 −6.10 −10.94, −1.27 −7.37 −12.29, −2.46

  12 −4.23 −9.58, 1.12 −3.84 −9.17, 1.49

  ≤11 Reference Reference

Gravidity

  ≥4 −0.40 −6.80, 5.99

  3 −3.99 −10.91, 2.94

  1,2 0.35 −5.99, 6.68

  0 Reference

Parity

  ≥2 Full-term child −4.13 −8.92, 0.66

  1 Full-term child −1.11 −6.39, 4.17

  Nulliparous Reference

Age at first birth (adjusted for parity) 0.04 −0.32, 0.39

Breastfeeding duration

  Parous, breastfed >12 months −3.28 −9.31, 2.74

  Parous breastfed 1–12 months −3.34 −9.14, 2.47

  Parous, never breastfed −2.35 −7.58, 2.88

  Nulliparous Reference

HBC use

  Ever vs Never −5.19 −9.46, −0.93 −5.10 −9.37, −0.84

Duration of HBC use

  ≥5 years −5.65 −10.80, −0.50

  <5 years −5.20 −9.96, −0.45

  Never used Reference

HBC use in relation to parity

  Used after first full-term pregnancy −7.57 −13.23, −1.90
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Age- and BMI-adjusted
models (n =191)a
β 95% CI

Final modelb
(n = 186)
β 95% CI

  Used before first full-term pregnancy −2.03 −7.19, 3.13

  Parous but never used 1.05 −4.82, 6.92

  Nulliparous Reference

Menopausal status

  Postmenopausal vs. Pre-/perimenopausal −2.75 −8.70, 3.19 −4.51 −10.63, 1.61

Education

  ≤High school −0.77 −5.90, 4.36

  Some college or associate degree −0.29 −5.22, 4.64

  Bachelor, masters or doctoral degree Reference

CI, confidence interval; HBC, hormonal birth control

a
Sample size may vary due to missing data

b
Final model includes race/ethnicity, variables with statistically significant associations with density and confounding variables (see “Statistical 

analyses” )
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