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Abstract

Purpose—Type II diabetes mellitus (T2DM) has consistently been associated with an increased 

risk of breast cancer, but the association of gestational diabetes mellitus (GDM) with breast 

cancer is less clear. T2DM and GDM may influence breast cancer risk through mammographic 

breast density, a strong risk factor for breast cancer. We examined whether T2DM and GDM are 

associated with higher mammographic breast density in a largely racial/ethnic minority sample.

Methods—We collected digital mammograms, anthropometric measures, and interview data 

from 511 racially diverse women recruited during screening mammography appointments between 

2012 and 2016 (mean age 51 years; 70% Hispanic). We examined the associations of self-reported 

GDM, T2DM, and medication use (metformin and insulin) with mammographic breast density, 

measured as percent and area of dense tissue using Cumulus software.

Results—In multivariable linear regression models, history of T2DM and/or GDM and length of 

time since diagnosis were not associated with percent density or dense breast area, either before 

or after adjustment for current BMI. Use of metformin in diabetic women was associated with 

lower percent density (β = − 5.73, 95% CI − 10.27, − 1.19), only before adjusting for BMI. These 

associations were not modified by menopausal status.

Conclusions—Our results do not support associations between T2DM and/or GDM and higher 

amount of mammographically dense breast tissue, suggesting that the mechanism linking diabetes 

with breast cancer risk may not include mammographic breast density in midlife.
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Introduction

In the U.S., the prevalence of type II diabetes mellitus (T2DM) and gestational diabetes 

mellitus (GDM) among adult women is 11% and 9%, respectively, and varies by racial/

ethnic group with higher occurrence in Hispanic and black women [1, 2]. T2DM has 

been consistently associated with an increased risk of breast cancer, with a meta-analysis 

showing a 27% increased relative risk that is attenuated to 13% after adjusting for body 

mass index (BMI) [3]. GDM, which confers a sevenfold increased risk of T2DM 5–10 years 

after delivery, resembles T2DM in terms of metabolic and hormonal milieu, and thus may 

increase breast cancer risk via similar pathways [2, 4]. However, previous epidemiologic 

studies have produced mixed results on the association between GDM and breast cancer risk 

[4], and only a few studies have simultaneously considered T2DM and GDM [5, 6].

The speculated biological mechanisms relating diabetes to breast cancer involve changes 

in growth and sex hormones that promote cellular proliferation in the breast. As such, 

diabetes may be similarly associated with mammographic breast density (MBD), a measure 

of amount of dense (fibro-glandular) breast tissue on a mammogram and one of the strongest 

risk factors for breast cancer [7]. MBD has been shown to change in response to hormone 

replacement and selective estrogen receptor modulator (SERM) therapies (e.g., tamoxifen), 

and these changes have been associated with subsequent breast cancer risk, making MBD a 

potentially useful target for altering breast cancer risk from modifiable risk factors [8–11]. 

Understanding whether other risk factors for breast cancer operate via MBD can provide 

important information for designing breast cancer prevention studies. Only a few studies 

to date have investigated the associations between T2DM and MBD, and results have been 

inconclusive [12–16]. Here, we expand this limited research by examining the associations 

of T2DM, GDM, and length of time since diagnosis in relation to MBD in a racially diverse 

sample.

Methods

We obtained in-person interview data, height and weight measurements, and digital 

mammograms from 534 women during screening mammography appointments in 2012–

2016 (age range 40–64 years) [17]. We excluded participants who had missing 

mammograms (n = 5), breast implants (n = 9), history of breast of cancer (n = 2), and 

type 1 diabetes (n = 7), yielding a final sample of 511 women.

We used self-reported data on history of T2DM diagnosis, and diabetes medication use and 

type (metformin, insulin, and other where specified). We asked parous women to report 

whether they had been diagnosed with gestational diabetes during any of their pregnancies, 

and to report the age at their first diagnosis. Participants were categorized as having a history 

GDM if they reported GDM in at least one pregnancy. We categorized nulliparous women 
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with parous women who never experienced GDM during any of their pregnancies, but we 

also repeated our analysis of GDM and MBD excluding nulliparous women. If history of 

GDM was reported, time since GDM was defined as the difference between interview date 

and the date of the first onset of GDM. To examine the potential joint effect of T2DM 

and GDM, we categorized participants as having both conditions, T2DM only, GDM only, 

and neither condition. We used a standardized protocol and Cumulus software, previously 

described [17], to assess percent density (dense area/breast area × 100) and area of dense 

tissue (dense area).

Statistical analysis

Using linear regression models, we separately examined the associations of T2DM, GDM, 

and presence of both conditions with percent density and dense area. In addition to age 

and race/ethnicity as a priori confounders, we considered and included in multivariable 

analyses variables that were associated with diabetes and percent density or dense area 

at p < 0.10, and altered the coefficient of the association between T2DM and GDM 

with either measures of MBD by ≥ 10%. These variables included menopausal status and 

educational attainment. We first fit a model that included all of these variables along with 

each measure of diabetes. In the final model, we also adjusted for current BMI given that 

BMI is strongly correlated with mammographic density and diabetes. Effect modification 

of the diabetes-MBD associations by menopausal status was examined through stratification 

(premenopausal vs. postmenopausal), and by including cross-product terms in multivariable 

models. All tests were 2-sided, and statistical analyses were performed using SAS 9.4 

software (SAS Institute, Gary, NC).

Results

Distributions of sample characteristics by T2DM status are presented in Table 1. A 

majority of the study samples were Hispanic (70.1%) and non-Hispanic black (15.9%). 

Approximately 12.7% of women reported a history of T2DM with a mean age at diagnosis 

of 44.7 years. Over two-thirds of women with T2DM (69.2%) used metformin as a method 

of controlling T2DM. Of 450 parous women, 10.4% reported at least one diagnosis of 

GDM; the average age of first GDM onset was 30.4 years. About 3.1% of women 

had both T2DM and GDM. On average, women with T2DM were older relative to non-

diabetic women (54.9 vs. 50.5 years), and more likely to be postmenopausal, less educated, 

overweight or obese, and current or former smokers.

Table 2 presents the results of multivariable models for the associations between T2DM 

and GDM variables and mammographic density, initially adjusting for age, race/ethnicity, 

menopausal status, and education (model 1), followed by further adjustment for current 

BMI (model 2). Diagnosis of T2DM, time since T2DM diagnosis, and insulin use were not 

associated with either percent density or dense area. Metformin use among women with 

T2DM was associated with an average 5.7% (95% CI: − 10.27, 1.19) lower percent density 

in model 1 as compared with the group without T2DM; this association was significantly 

attenuated after adjusting for BMI (model 2). There were no significant differences 

in percent density between non-diabetic women and diabetic women who did not use 
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metformin or any differences in dense area by metformin use. GDM alone, in combination 

with T2DM, and time since GDM diagnosis were not significantly associated with percent 

density and dense area. We observed the same overall results when we restricted our 

analysis of GDM to parous women. We did not find support for effect modification of any 

associations by menopausal status, tested through inclusion of cross-product terms between 

diabetes measures and menopausal status and through stratified analysis by menopausal 

status (data not shown).

Discussion

In a racially diverse sample of midlife women, GDM and T2DM diagnoses, separately and 

together, were not associated with significant differences in MBD. Our results with respect 

to T2DM are consistent with three prior studies that also used continuous measures of MBD 

[14–16], but differ from two other studies that used categorical measures of MBD [12, 13] 

and found lower MBD in women diagnosed with T2DM. As no prior studies have examined 

the association between GDM and MBD, more research is necessary to confirm our results. 

We did not observe different associations by menopausal status, which is consistent with 

results from one prior study [12], but another study reported stronger inverse associations 

between T2DM and MBD in pre- than in postmenopausal women [13].

We additionally examined and found no differences in MBD by the length of time since 

diagnoses of T2DM and GDM and use of insulin or metformin to control T2DM. The 

few prior studies considering these associations have yielded mixed results [14, 15]. No 

significant differences in MBD by length of time since diabetes diagnosis were reported in 

one study [14], while a suggestive lower MBD in women with more long-standing diabetes 

(10 years or longer) relative to women with more recent diagnosis (< 5 years) was noted 

in another study [15]. Two studies have investigated diabetes medication use and MBD 

associations. There were no effects of the use of insulin or pills on mean percent density 

among diabetic women in one study, majority of whom were of African American and 

Hispanic backgrounds [15]. In another study conducted in Denmark, use of insulin and 

metformin were, respectively, associated with higher and lower odds of having mixed/dense 

breasts in both premenopausal and postmenopausal women [12]. The direction of these 

associations were consistent with the purported opposite biological effects of insulin as 

promoting and metformin as reducing cell growth and circulating estrogen levels [18–20]. 

We also found some support for an inverse association between metformin use among 

women with T2DM and percent density. However, a lack of a similar association with dense 

area and the significant reduction in the association between metformin use and percent 

density after adjusting for BMI in our study point to the possibility that metformin may exert 

an influence on mammographic density through reducing body and breast fatness or size. 

Additional research to follow up on these intriguing findings, and more broadly on whether 

control of diabetes through medications with differing physiological and cellular changes, 

can provide important mechanistic insight into the effect of diabetes on breast cancer risk, 

and reconcile the mixed results with respect to MBD.

One limitation of the research in this area, including our study, is reliance on self-reported 

data on diabetes diagnosis and related variables. While physician diagnosis of chronic 
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diseases has shown high validity [21], self-reported medication, GDM diagnosis, and time of 

diagnosis may have more limited accuracy. Thus, errors in these exposure variables, which 

are likely to be non-differential with respect to the MBD measures, may have contributed 

to the null results in our study and majority of prior studies. The small sample size may 

have also lowered the statistical power and our ability to detect small differences in MBD. 

However, prior studies that used similar measures of MBD as used in our study had smaller 

sample sizes (range n = 191–476) [12–16]. While we report on the first investigation 

of GDM and MBD, lack of detailed data precluded a more in-depth analysis of GDM 

diagnosis, including the number of pregnancies with GDM, which may be more relevant to 

risk [6].

The strengths of our study include the use of physical measures of BMI and highly 

reproducible measures of MBD, lowering the possibility of confounding by body size and 

errors in the outcome of our analysis. Our study sample, predominately comprised black 

and Hispanic women, also extends the generalizability of research in this area to two racial/

ethnic groups with the highest prevalence of diabetes in the US [1]. Majority of prior studies 

examining the association between diabetes and breast cancer have predominately been in 

samples of non-Hispanic white women, a racial group with the highest incidence of breast 

cancer in the US. Reproductive factors such as parity and age at first birth have been 

proposed as possible reasons behind differences in breast cancer incidence rates between 

non-Hispanic white women and racial/ethnic minority women. Our null findings in the 

relationship between T2DM and MBD, one of the strongest risk factors for breast cancer, 

may be possibly due to a reduced underlying risk in this population. In our study sample, 

only 10% of women were nulliparous and women on average, had two children, were 25 

years old at first birth, and 5% were former or current hormone replacement therapy users.

In conclusion, we found no association between GDM and/or T2DM diagnoses and MBD 

among a racially diverse cohort of women, but observed suggestive evidence for lower 

percent density with the use of antidiabetic medication, metformin. While more research 

is needed to expand this limited literature, the evidence to date points to null or inverse 

associations between diabetes and MBD, suggesting that MBD is unlikely to be a pathway 

linking diabetes with increased breast cancer risk.
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Table 1

Sample characteristics by type II diabetes mellitus status, n = 511

Characteristic Total sample With T2DM (n = 65) Without T2DM (n = 446)

Age in years, mean (SD) 51.1 (5.8) 54.9 (3.9) 50.5 (5.9)

Race/ethnicity, n (%)

 Non-Hispanic White 56 (11.0) 4 (6.2) 52 (11.7)

 Non-Hispanic Black 81 (15.9) 14 (21.5) 67 (15.0)

 Hispanic 358 (70.1) 46 (70.1) 312 (70.0)

 Asian 16 (3.1) 1 (1.5) 15 (3.4)

Education, n (%)

 Less than high school 108 (21.1) 28 (43.1) 80 (18.0)

 High school graduate 118 (23.2) 16 (24.6) 102 (22.9)

 Some college 120 (23.5) 12 (18.5) 108 (24.3)

 Bachelor’s or higher degree 164 (32.2) 9 (13.8) 155 (34.8)

BMI kg/m2, mean (SD) 30.0 (5.7) 33.8 (6.9) 29.4 (5.3)

BMI kg/m2, n (%)

 < 25.0 97 (19.0) 6 (9.2) 91 (20.5)

 25.0–29.9 185 (36.3) 14 (21.5) 171 (38.4)

 30.0–34.9 142 (27.8) 20 (30.8) 122 (27.4)

 ≥ 35.0 86 (16.9) 25 (38.5) 61 (13.7)

Menarche, mean (SD) 12.7 (1.8) 12.5 (2.0) 12.8 (1.7)

Partiy (n = 446), mean (SD) 2.1 (1.4) 2.2 (1.5) 2.1 (1.4)

Age at first birth (n = 466), mean (SD) 25.2 (6.6) 23.3 (5.3) 25.5 (6.7)

Menopausal status, n (%)

 Premenopausal/perimenopausal 240 (47.0) 12 (18.5) 228 (51.1)

 Postmenopausal 271 (53.0) 53 (81.5) 218 (48.9)

Hormone replacement therapy, n (%)

 Never 482 (94.7) 60 (92.3) 422 (95.0)

 Former user 16 (3.1) 3 (4.6) 14 (3.2)

 Current user 11 (2.2) 2 (3.1) 8 (1.8)

Alcohol consumption per week, n (%)

 Never or former drinker 269 (53.0) 42 (65.6) 227 (51.2)

 < 3 Servings, current drinker 146 (28.8) 12 (18.8) 134 (30.3)

 3–7 Servings, current drinker 55 (10.9) 8 (12.5) 47 (10.6)

 > 7 Servings, current drinker 37 (7.3) 2 (3.1) 35 (7.9)

Smoking status, n (%)

 Never 359 (70.8) 36 (56.2) 323 (72.9)

 Former 98 (19.3) 17 (26.6) 81 (18.3)

 Current 50 (9.9) 11 (17.2) 39 (8.8)

GDM ever, n (%)

 No 464 (90.8) 49 (75.4) 415 (93.0)

 Yes 47 (9.2) 16 (24.6) 31 (7.0)
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Characteristic Total sample With T2DM (n = 65) Without T2DM (n = 446)

Age at first onset of GDM, mean (SD) 30.4 (6.6) 28.0 (4.0) 31.6 (7.4)

T2DM or GDM ever, n (%)

 Neither T2DM or GDM 415 (81.2) – –

 T2DM only 49 (9.6) – –

 GDM only 31 (6.1) – –

 Both T2DM and GDM 16 (3.1) – –

Age at T2DM diagnosis, mean (SD) — 44.7 (10.4) –

Metformin ever use

 No – 20 (30.8) –

 Yes – 45 (69.2) –

Insulin ever use

 No – 51 (78.5) –

 Yes – 11 (16.9) –

 Unknown – 3 (4.6) –

Percent density, mean (SD) 26.1 (15.5) 18.7 (12.0) 27.2 (15.7)

Dense area (cm2), mean (SD) 47.6 (30.1) 46.3 (34.6) 47.8 (29.5)

SD standard deviation, BMI body mass index, T2DM type II diabetes, GDM gestational diabetes
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