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Abstract

Purpose—We examined whether obesity and a history of diabetes, hypertension, and elevated

cholesterol, individually and in combination, are associated with breast density, a strong risk

factor for breast cancer.

Methods—We measured percent density and dense area using a computer-assisted method

(n=191; age range=40-61 years). We used linear regression models to examine the associations of

each metabolic condition and the number of metabolic conditions (0, 1, 2, and 3 or 4 conditions)

with breast density.

Results—Among individual metabolic conditions, only high blood cholesterol was inversely

associated with percent density (β=-5.4, 95% CI: -8.5, -2.2) and dense area (β= -6.7, 95%

CI=-11.1, -2.4). Having multiple metabolic conditions was also associated with lower breast

density, with 2 conditions and 3 or 4 conditions vs. 0 conditions associated with 6.4% (95%

CI:-11.2, -1.6) and 7.4% (95% CI:-12.9, -1.9) reduction in percent density and with 6.5 cm2 (95%

CI: -13.1, -0.1) and 9.5 cm2 (95% CI: -17.1, -1.9) smaller dense area.
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Conclusions—A history of high blood cholesterol and multiple metabolic conditions were

associated with lower relative and absolute measures of breast density. The positive association

between metabolic abnormalities and breast cancer risk may be driven by pathways unrelated to

mammographic breast density.

Obesity and diabetes have been associated with an increased risk of postmenopausal breast

cancer, but the results for other metabolic risk factors, such as lipid abnormalities and

elevated blood pressure, are less consistent (reviewed in (1-3)). More recently, studies have

also shown modest positive associations between the presence of multiple metabolic

conditions, as frequently defined by the metabolic syndrome (MetS), and breast cancer risk

in postmenopausal women (reviewed in (2)).

While most risk factors for breast cancer are similarly associated with mammographic breast

density, a strong intermediate marker of breast cancer, increasing body size has consistently

been associated with reduced breast density in both pre- and postmenopausal women (4, 5).

Diabetes and high-density lipoprotein cholesterol (HDL-C) have also respectively been

inversely and positively associated with breast density in premenopausal women in some

(6-9), but not all studies (9-12).

The majority of research investigating multiple metabolic conditions and breast cancer risk

has been conducted among women of European descent (2). There are racial/ethnic

(hereafter racial) differences in the prevalence of specific metabolic conditions; for example,

hypertension, high blood glucose and dyslipidemia are respectively more common among

African American, Hispanic and White populations in the U.S. (13). Research on metabolic

abnormalities and breast cancer risk in racial minorities is further warranted given the

disproportionately greater prevalence and earlier age of onset of metabolic disorders in

many racial minority populations (14, 15), and the potentially adverse impact of metabolic

disorders on breast cancer mortality (16). The purpose of this study was to examine whether

diagnoses of hypertension, diabetes and high cholesterol, individually and in combination

with each other and with having an obese body size, are associated with breast density in a

predominantly African American and Caribbean sample of women.

METHODS

Study Population

The New York City Multiethnic Breast Cancer Project includes epidemiologic risk factor

and breast density data for 200 women who were recruited as they presented for screening

mammography at a hospital in Brooklyn, New York. As described previously (17), we

collected in-person interview data between January 2007 and April 2008, and collected

mammograms from the same date as the interview for 84% of the participants; the median

time between the dates of mammograms and interviews for the remainder of participants

was 14 days. We excluded data from five participants with a previous diagnosis of breast

cancer and four participants with poor quality mammograms. The final sample of 191

women were 42% African American, 22% African Caribbean, 22% White, 12% Hispanic

and 2% other ethnicities; 36% were foreign-born.
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Metabolic Risk Factors

Participants reported whether they were ever told by a physician that they had high blood

pressure, high blood cholesterol and type II diabetes, and if so reported their age at the first

diagnosis for each condition. Data on height and self-reported current weight were used to

calculate body mass index (BMI, kg/m2). BMI was categorized into < 30 and ≥ 30, with the

latter category signifying obesity. We considered each of the conditions and age at first

diagnosis (categorized into ≤ 45 and > 45 years) in relation to breast density. To examine the

associations for multiple metabolic conditions, we assessed the number of conditions by

summing the presence of each of the three diagnoses and obesity, ranging from 0 to 4. We

combined those with 3 or 4 conditions into a single category due to small number of

participants with four conditions (n=7), and used this measure as a categorical variable in

our analysis.

Breast Density Assessment

We measured mammographic density using left cranio-caudal view mammograms; right

cranio-caudal views were used for four participants for whom left views were not available.

We digitized all films using a Kodak Lumisys Film Digitizer, and used Cumulus software to

measure breast density. A single trained reader, blinded to exposure data, outlined the total

areas of the breast and dense tissue, and the computer software measured the number of

pixels in these areas. Percent density was calculated as dense area divided by total breast

area (in percentage), and the number of pixels for the dense area was converted into cm2 to

capture the amount of dense tissue. We assessed density from one film per participant in

batches of approximately 50. We re-read a 10% randomly selected sample of films,

obtaining Pearson correlation coefficients of 0.99 for breast area and 0.88 for dense area for

the repeated readings (17).

Statistical Analyses

We performed linear regression models to examine the associations of each metabolic risk

factor, age at first diagnosis and the number of metabolic risk factors with breast density,

adjusting for continuous measures of age at mammogram and BMI. We examined whether

menstrual and reproductive factors substantially affected these associations. Only age at

menarche and menopausal status altered the majority of the estimates of associations for the

metabolic conditions by at least 10% and were included in the final multivariable models.

We also explored whether the associations between the number of metabolic conditions and

breast density differed by obesity and menopausal statuses, through inclusion of cross-

product terms between these factors in the multivariable models and through stratification

across levels of obesity and menopausal status.

RESULTS

The study participants had an average BMI of 29.8 kg/m2 and a mean age of 50.0 years

(range: 40-61); 35% were postmenopausal (Table 1). Over one third of the participants had a

history of high blood pressure or cholesterol, and 8% had a history of diabetes (Table 2).

The average ages at first diagnosis of these conditions were 42.0 (SD=10.3), 47.8 (SD=6.8)

and 46.8 (SD=7.4) years for hypertension, elevated cholesterol and diabetes, respectively.

Tehranifar et al. Page 3

Ann Epidemiol. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Obesity, hypertension and elevated cholesterol level had a similar prevalence among

participants with a single condition. Among those with multiple metabolic risk factors,

diabetes always co-occurred with other conditions, and hypertension was reported by all

participants with 3 or 4 conditions. African Americans had a higher prevalence of

hypertension (48%) than other racial groups (e.g., 26% in African Caribbean, 24% in

Whites), but there were no other significant racial differences in the prevalence or age at

onset for other conditions (data not shown).

Table 2 displays the regression coefficient estimates and corresponding 95% confidence

interval (CI) for age and BMI adjusted associations of each metabolic condition, age at each

diagnosis, and the number of multiple conditions with percent density and dense area.

Obesity, hypertension and diabetes were not associated with dense area in any of the

models. Obesity and hypertension had inverse age-adjusted associations with percent

density, but these associations were no longer statistically significant after further

adjustment for BMI. High blood cholesterol was associated with significantly lower percent

density (β=-5.4, 95% CI: -8.51, -2.18) and dense area (β= -6.74, 95% CI=-11.1, -2.4) in

models that adjusted for age and BMI. The associations between high cholesterol diagnosis

and breast density were similar for age at diagnosis (e.g., age at diagnosis ≤ 45 and > 45 for

percent density were respectively: β=-6.6 95% CI: -11.2, -2.1 and β=-4.45 95% CI: -8.4,

-0.5).

The age and BMI adjusted associations between the number of metabolic conditions and

breast density showed a trend toward declining levels of both percent density and dense area

with an increasing number of conditions (p-values for trends of <0.01 and =0.01 for percent

density and for dense area respectively) (Table 2). Further adjustment for menopausal status

and age at menarche did not substantially reduce these associations. For example, having 1,

2, and 3 or 4 conditions were associated with approximately 4.1% (95% CI:-7.9, -0.3), 6.4%

(95% CI:-11.2, -1.6), and 7.4% (95% CI: -13.0, -1.9) lower percent density, respectively, as

compared with having no metabolic conditions; similar patterns were observed for dense

area (Figure 1). These associations were consistent with results from logistic regression

models of breast density (categorized into high and low density at the median) (data not

shown).

In analysis stratified by obesity, multiple metabolic conditions continued to have inverse

associations with percent density and dense area in both obese and nonobese groups (e.g.,

having 2 or 3 conditions vs. 0 conditions was associated with 5.7% (95% CI: -10.6, -0.7) and

6.3% (95% CI: -14.1, 1.6) reduction in percent density and 9.4 cm2 (95% CI: -17.1, -1.7)

and 4.6 cm2 (95% CI: -14.5, 5.4) reduction in dense area among obese and nonobese

women, respectively). Similarly, the overall results were similar in pre- and postmenopausal

women (data not shown). These results were confirmed by lack of statistical significance of

the interaction terms for obesity and menopausal status with the number of metabolic

conditions (all p values > 0.11).

Given that diabetes can be a clinical manifestation of other metabolic conditions, we

repeated our final multivariable analysis excluding diabetes from the count of number of

conditions, and obtained similar overall results (e.g., 5.3% (95% CI: -9.0, -1.6), 9.4% (95%

Tehranifar et al. Page 4

Ann Epidemiol. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



CI:-13.1, -5.7) and 11.2% (95% CI:-16.2, -6.3) reduction in percent density for 1, 2 and 3

conditions, respectively, all relative to no condition).

DISCUSSION

We examined whether obesity, hypertension, high cholesterol and diabetes, individually and

in combination, are associated with breast density in a racially diverse sample of women.

We observed inverse associations between the presence of each condition and percent

density, a relative measure of breast density that incorporates information about dense

(mostly fibroglagular) and non-dense (mostly fat) tissues. Accounting for BMI attenuated

most of the measures of association between hypertension, high cholesterol and diabetes and

percent density. We only observed a statistically significant association between high

cholesterol and dense area. Dense area is an absolute measure of breast density that is less

susceptible to the confounding influences of body size. We found strong inverse associations

between the number of metabolic conditions and both percent density and dense area. These

results suggest that the influence of diabetes, hypertension and high cholesterol on breast

density are similar to that of body size, and may be mostly explained through their

associations with body size. However, our results suggest that the accumulation of metabolic

risk factors may confer a greater influence on breast density, beyond the contribution of

obesity or any individual conditions.

Most research has considered the contribution of one metabolic risk factor to breast density,

and has reported null to modest associations (7, 10, 11, 18). Two studies have examined

breast density in relation to the MetS, defined as having three or more the following

metabolic conditions: elevated glucose, triglycerides, and blood pressure, low HDL-C and

large waist circumference. One study reported modest inverse associations between breast

density and the MetS cluster and its individual components in predominantly premenopausal

White and Asian women (11), while the other study reported a positive association between

breast density and the MetS cluster and low HDL-C among premenopausal women in one of

the two cohorts of Mexican women (9). Our study differs from these studies in racial/ethnic

composition as well as the measurement of the metabolic conditions. Specifically, These

studies measured metabolic conditions through blood biomarkers (HDL-C, triglycerides,

glucose) and physical measurements (blood pressure, waist circumference), while we relied

on self-reported data on current body size and lifetime diagnosis of metabolic conditions.

Other studies of breast density have used self-reports of diabetes, with one study reporting

no associations in pre- and postmenopausal women (10), and another study observing strong

inverse associations in premenopausal Native American women (7).

While limited data exist for the association between diabetes, hypertension, cholesterol and

breast density, body size has been extensively examined and consistently show differential

associations with breast cancer and breast density. Specifically, increasing body size is

inversely associated with breast density regardless of menopausal status, and though larger

body size is inversely associated with premenopausal breast cancer, it is a well-established

risk factor for postmenopausal breast cancer risk (4). The MetS is also being increasingly

linked with higher risk of poor breast cancer prognostic factors including recurrence, later

stage and node positive status, and absence of estrogen, progesterone and/or human
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epidermal growth factors receptors (19-21). In contrast, breast density has not been

associated with these prognostic factors (22-24). It is possible that breast density may not be

a mechanism through which metabolic risk factors increase the risk of breast cancer. Given

the cross-sectional design of most studies including our own, we cannot rule out the

possibility of influences of metabolic conditions on breast density in other life periods

and/or on rate of decline in breast density over time.

Self-reports of physician diagnosis of chronic disease conditions have shown acceptable

validity in different populations (25, 26). Our measure of cholesterol did not distinguish

between HDL and LDL subcomponents, limiting the interpretation of our results. Despite

these limitations, our study provides preliminary results suggesting that having multiple

metabolic conditions may be associated with lower levels of relative and absolute measures

of breast density in a sample primarily composed of premenopausal racial minority women.

The reduction in breast density associated with multiple metabolic conditions appears to be

greater than the influence of any single condition on breast density. Furthermore, our results

suggest that the increased risk of breast cancer conferred by metabolic conditions, as

reported in other studies (2), may not involve pathways related to breast density and may be

stronger after accounting for the influence of metabolic conditions on breast density.
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Figure 1.
Associations between the number of metabolic conditions (0 conditions as reference group)

and percent breast density (Panel A) and dense area (Panel B), adjusted for age at

mammogram, body mass index (kg/m2), age at menarche and menopausal status.
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Table 1

Sample characteristics of New York City Multiethnic Breast Cancer Project (n=191)

Mean (SD) or Percent (n)

Age at interview (year) 50.0 (5.7)

Educational attainment

≤ high school 29.1 (55)

Some college/associate degree 33.9 (64)

≥ college degree 37.0 (70)

Race/ethnicity

Non-Hispanic African American 42.4 (81)

Non-Hispanic African Caribbean 22.0 (42)

Non-Hispanic White 21.5 (41)

Hispanic 12.5 (24)

Non-Hispanic Other 1.6 (3)

Age at menarche (year) 12.4 (1.8)

Body mass index (kg/m2) 29.8 (6.7)

Positive family history of breast cancer 13.2 (25)

Parity 1.6 (1.5)

Age at first full-term pregnancy (in parous women, year) 23.0 (7.0)

Lifetime history of breast feeding 39.5 (75)

Menopausal statusa

Premenopausal 64.9 (124)

Postmenopausal 35.1 (67)

a
Postmenopausal women did not have a menstrual period within the last 1 months or had bilateral oophorectomy. Premenopasual women had a

peri within the last 12 month and did not have bilateral oophorectomy. If data last menstrual cycle and gynecological surgery were missing, women

youn than 54 (90th percentile of age of natural menopause among postmenopau women in this study population) were considered premenopausal
and wom 54 years or older were considered postmenopausal.
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Table 2

Age and body mass index (kg/m2) adjusted regression coefficients for the association between metabolic

conditions and breast density (n = 191)

Percent density Dense area (cm2)

N β 95% CI β 95% CI

Obese body mass index

    <30 kg/m2 111 Ref Ref

    ≥ 30 kg/m2 76 −3.53 −8.21, 1.47 −5.75 −12.14, 0.64

High blood pressure

    No 122 Ref

    Yes 69 -0.30 −3.70, −3.10 −0.55 −4.10, 5.20

Age at high blood pressure diagnosis

    No high blood pressure 122 Ref Ref

    ≤ 45 42 0.11 −3.71, 3.92 / 1.47 −3.75, 6.70

    > 45 27 −1.12 −6.00, 3.76 −1.30 −7.97, 5.37

Diabetes

    No 175 Ref Ref

    Yes 16 −2.35 −7.63, 2.93 −3.88 −11.11, 3.34

Age at diabetes diagnosis

    No diabetes diagnosis 175 Ref Ref

    ≤ 45 6 −4.37 −12.53, 3.80 −7.46 −18.62, 3.70

    > 45 10 −1.07 −7.66, 5.51 −1.62 --10.62, 7.38

High Blood Cholesterol

    No 127 Ref Ref

    Yes 63 −5.35 −8.51, −2.18 −6.74 −11.09, −2.38

Age at high blood cholesterol diagnosis

    No high blood cholesterol 127 Ref Ref

    ≤ 45 22 −6.64 −11.21, −2.07 −7.21 −13.50, −0.92

    > 45 41 −4.45 −8.36, −0.54 −6.40 −11.79, −1.02

Number of conditions

    0 71 Ref Ref

    1 46 −4.15 −7.93, −0.37 −0.20 −5.39, 4.98

    2 40 −6.40 −11.23, −1.57 −6.48 −13.11, 0.14

    3 or 4 30 −7.40 −12.92, −1.87 −9.49 −17.07, −1.91
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