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Abstract

Purpose Breast cancer mortality is higher in Black women
than in White women. The prevalence of type 2 diabetes
mellitus is also higher, yet data on whether diabetes affects
breast cancer mortality in this population are lacking. We
investigated the relation of diabetes at the time of breast
cancer diagnosis to breast cancer mortality in the Black
Women’s Health Study, a prospective cohort study.
Methods 1,621 Black women with invasive breast cancer
diagnosed in 1995-2013 were followed by mailed ques-
tionnaires and searches of the National Death Index.
Multivariable Cox regression analysis was used to compute
hazard ratios (HRs) for diabetes in relation to breast cancer
mortality and all-cause mortality, with adjustment for age,
stage, treatment modality, estrogen receptor (ER) status,
and body mass index.

Results There were 368 deaths during follow-up, of which
273 were due to breast cancer. Breast cancer mortality was
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significantly increased in women who had been diagnosed
with diabetes at least 5 years before breast cancer occur-
rence, HR 1.86 (95% CI 1.20-2.89), with elevations
observed for both ER+ and ER— breast cancer. All-cause
mortality was also higher in diabetics, with HRs of 1.54
(95% CI 1.12-2.07) overall and 2.26 (95% CI 1.62-3.15)
for >5-year duration of diabetes relative to non-diabetics.
Conclusions Our results present the first solid evidence of
a positive association of type 2 diabetes with breast cancer
mortality in Black women. Given the higher prevalence
and earlier onset of type 2 diabetes in Black women, it is
likely that diabetes contributes to racial disparities in breast
cancer mortality.

Keywords Black women - Diabetes - Breast cancer -
Mortality

Introduction

Breast cancer mortality is 40% higher in US Black women
than in US White women [1]. Type 2 diabetes mellitus
(T2DM) prevalence is also higher among Blacks in com-
parison with Whites [2]. Prior studies conducted mainly in
White women have found that diabetics with breast cancer
have worse overall survival compared to non-diabetics
[3-10]. Studies assessing the association of T2DM with
breast cancer recurrence and breast cancer death have
yielded inconsistent results, with several indicating a pos-
itive association [6, 9, 11, 12] and others no association
[3, 5, 8]. Despite the greater burden of both T2DM and
breast cancer mortality among Black women, only one
study included an appreciable number of Black women [9],
with little evidence of a positive association in that popu-
lation group.
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We investigated the relation of T2DM to breast cancer
mortality among Black women, using data from the Black
Women’s Health Study (BWHS). We also assessed the
relationship of T2DM with all-cause mortality.

Methods

The BWHS is a prospective cohort study established in
1995 when 59,000 African-American women aged 21-69
enrolled by completing questionnaires mailed to sub-
scribers of Essence magazine (a popular magazine targeted
toward Black women) and members of several professional
organizations [13]. Of the baseline cohort, 27% lived in the
Northeast, 29% in the South, 23% in the Midwest, and 21%
in the West [14]. The baseline questionnaire elicited
information on demographics, medical history (including
physician diagnosis of T2DM), reproductive history, fam-
ily history of breast and other cancers, height, weight,
smoking, and other lifestyle and behavioral characteristics.
Biennial follow-up questionnaires update information on
new occurrences and recurrences of cancer, other incident
diseases, current weight, physical activity, menopausal
status, and use of medications, among other factors
[13, 15, 16]. Follow-up is complete for approximately 85%
of person-years from enrollment through 2013. The study
was approved by the institutional review board of the
Boston University Medical Campus. Informed consent was
obtained from each participant at recruitment into the
parent study.

Cohort of breast cancer survivors

Incident invasive breast cancer cases were identified
through self-report on biennial questionnaires or through
24 state cancer registries in states in which >95% of
BWHS participants live, and the diagnoses were confirmed
by review of hospital and state cancer registry pathology
records. All incident breast cancer cases were coded in
accordance with the surveillance, epidemiology, and end
results (SEER) coding guidelines. We excluded 376
women with breast cancer for whom we did not have data
on stage at diagnosis and 61 who reported another cancer
diagnosis before the breast cancer. The final analytic cohort
comprised 1,621 study participants diagnosed with inva-
sive breast cancer from 1995 to 2013.

Data on stage, tumor grade, estrogen receptor (ER)
status, and progesterone receptor status were obtained from
pathology reports and state cancer registry data. Data on
initial treatment of the breast cancer, including surgery
(mastectomy/lumpectomy/other), chemotherapy (yes/no),
radiation therapy (yes/no), and endocrine therapy (yes/no),
were obtained from medical records, state cancer registry
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records, and supplemental questionnaires completed by
participants diagnosed with breast cancer.

Assessment of T2DM and covariates

On baseline and follow-up questionnaires, participants
were asked whether they had ever been diagnosed with
diabetes, age at first diagnosis, and use of injections or pills
for diabetes. In a previous validation study, 217 of 229
(95%) of self-reports of diabetes were confirmed by
physician checklists completed by the participants’ physi-
cians [15]. Given the high accuracy of self-report, we
accepted self-report to classify participants as having
T2DM.

Body mass index (BMI) was calculated as weight (kg)
divided by height squared (m?). Because weight was
updated by questionnaire every 2 years, we were able to
calculate BMI for each 2-year period. BMI from the
questionnaire immediately preceding the breast cancer
diagnosis (thus <2 years before the breast cancer was
diagnosed) was considered as a potential confounder. Data
on other potential confounders were also taken from the
questionnaire immediately preceding the breast cancer
diagnosis (e.g., cigarette smoking, vigorous physical
activity) or from the enrollment questionnaire (e.g., edu-
cation level).

Assessment of study outcomes

Cause of death was determined from state-issued death
certificates and the National Death Index. In each follow-
up cycle, the National Death Index was searched for study
participants who did not complete that questionnaire.
Women were classified as having died from breast cancer if
breast cancer was listed as an immediate or underlying
cause of death.

Statistical analysis

Cox proportional hazard regression models with time since
diagnosis (in months) as the time scale were used to esti-
mate hazard ratios (HR) and 95% confidence intervals (CI)
for the association of T2DM at time of breast cancer
diagnosis with breast cancer-specific death and all-cause
mortality. Participants were followed from the date of
breast cancer diagnosis until death or end of follow-up,
whichever came first.

All analyses were adjusted for age at breast cancer
diagnosis and SEER stage at diagnosis. In addition, we
evaluated the following factors as potential confounders:
education level, pre-diagnosis BMI, hours per week of
vigorous physical activity, menopausal status, use of hor-
mone supplements, tumor grade, ER status, and breast



Cancer Causes Control (2017) 28:61-67

63

cancer treatment (chemotherapy, endocrine therapy, radi-
ation therapy, type of breast surgery). ER status, BMI
(<20, 20-24, 25-29, 30-34, =35 kg/mz), and treatment
variables were retained in the final multivariable model.
Analyses for all-cause mortality also included terms for
cigarette smoking, an established causal factor for cardio-
vascular mortality. Treatment data were missing for the
following proportion of cases: surgery 7.7%; chemotherapy
25.8%; radiation therapy; 29.0%; endocrine therapy 39.7%.
We used multiple imputation methods to impute missing
data for treatment using a logistic model with the fully
conditional specification. We imputed 40 data sets based on
the following variables: diabetes status at baseline, follow-
up time, age, educational level, SEER stage, ER status, and
BMI. To assess the proportional hazards assumption,
multiplicative interaction terms between T2DM and fol-
low-up time were tested using the likelihood ratio test to
compare models with and without interaction terms; no
violations were observed. Analyses were conducted overall
and within strata of ER status (ER+, ER—) and stage at
diagnosis (SEER local, SEER regional, SEER distant). All
statistical analyses were performed using SAS statistical
software version 9.3 (SAS Institute, Cary, NC, USA).
All, or nearly all, of the previous studies of T2DM in
relation to breast cancer mortality have used T2DM status
at the time of breast cancer diagnosis as the measure of
exposure, without taking into account new diagnoses of
T2DM during follow-up. So that results of the current
study could be directly compared to the existing literature,
we used the same approach. This approach also provides
useful information for the clinician, who will know whe-
ther the new breast cancer patient has T2DM but will not
know whether she will develop it a few years later. For
completeness, we also carried out a secondary analysis in
which we updated T2DM status (and BMI) every 2 years
throughout follow-up of the breast cancer cohort.

Results

Among women with invasive breast cancer, 232 (14%) had
T2DM at the time of breast cancer diagnosis. Character-
istics of cases with and without T2DM are shown in
Table 1. Women with T2DM were older (mean 59.6 years)
than women without T2DM (mean 52.6 years). Women
with T2DM were also less physically active and more
likely to be obese. Cases with and without T2DM were
similar with respect to SEER stage, tumor grade, ER status,
and breast cancer treatments, with the exception of radia-
tion therapy: A lower proportion of women with diabetes
had undergone radiation treatment.

During the follow-up period, there were 273 deaths
attributable to breast cancer. The overall HR for T2DM at

the time of breast cancer diagnosis was 1.28 (95% CI
0.88—-1.86) (Table 2). When diabetic women were grouped
according to the number of years between first diagnosis of
T2DM and diagnosis of breast cancer (<5, >5 years), a
statistically significant positive association was observed
for women diagnosed with diabetes at least 5 years before
breast cancer, with a multivariable HR of 1.86 (95% CI
1.20-2.89). The association was present whether or not the
diabetic women were taking medications for their T2DM at
the time of breast cancer diagnosis: HR was 1.84 (95% CI
1.05-3.20) for women on diabetes medications and 1.91
(95% CI 1.01-3.62) for women who were not taking
medications for their T2DM.

There was evidence of an association of T2DM with
increased risk of both ER+ and ER— breast cancer
(Table 3). The HR for long-term T2DM was higher for
ER+ breast cancer, 2.86 (95% CI 1.43-5.72), than for
ER— breast cancer, 1.67 (95% CI 0.85-3.28), but the two
estimates were not statistically different (p-interaction
0.28). In analyses stratified on SEER stage (localized,
regional, and distant), the strongest association of long-
term T2DM with breast cancer mortality was observed
among women with localized breast cancer at the time of
breast cancer diagnosis, but there was not a significant
interaction by SEER stage (p-interaction 0.35).

Because some women will have developed T2DM after
the occurrence of breast cancer, we conducted a sensitivity
analysis in which we updated T2DM status every 2 years
as new questionnaire data were obtained. Only 7 of the 273
deaths due to breast cancer shifted from the “no diabetes”
group to the “yes diabetes” group. The overall estimate for
T2DM in relation to breast cancer mortality, with adjust-
ment for age and SEER stage, was 1.07 (95% CI
0.76-1.50), and the estimate for T2DM duration >5 years
was 1.32 (95% CI 0.91-1.92).

There were 368 all-cause deaths among the 1,621
women with breast cancer. As expected, T2DM was
associated with increased all-cause mortality (Table 4).
The overall HR was 1.54 (95% CI 1.15-2.07), and the HR
for T2DM of at least 5-year duration was 2.26 (95% CI
1.62-3.15). Only 95 of the deaths were from causes other
than breast cancer, with 33 from other cancers (including
nine in diabetics), 28 from cardiovascular disease (in-
cluding eight in diabetics), and 34 from other causes (in-
cluding 10 in diabetics).

Discussion
We assessed whether Black women with a history of
T2DM at the time of their breast cancer diagnosis experi-

enced a worse prognosis compared to those who did not
have T2DM. We found that women who had T2DM for at
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Table 1 Characteristics of 1,621 breast cancer cases at time of diagnosis, according to type 2 diabetes mellitus status

Characteristics Type 2 diabetes mellitus at time of breast cancer diagnosis
No Yes
(n = 1,389) (n = 232)
Participant characteristics®
Age at diagnosis, mean (SD) 52.6 (10.5) 59.6 (9.3)
Education, <12 years (%) 231 (17) 70 (23)
Postmenopausal (%) 594 (47) 171 (51)
Body mass index, >30 kg/m2 (%) 503 (37) 145 (65)
Vigorous physical activity, >3 h/week (%) 251 (18) 22 (13)
Ever used female hormones (%) 432 (33) 93 (29)
Current smoking (%) 186 (13) 31 (10)
Tumor characteristics
SEER stage (%)
Localized 837 (60) 137 (59)
Regional 490 (35) 86 (37)
Distant 62 (5) 9 4)
Tumor grade (%)
Low 158 (11) 36 (16)
Intermediate 484 (35) 69 (30)
High 627 (45) 101 (44)
Unknown 120 (9) 26 (11)
Estrogen receptor status (%)
Positive 769 (55) 138 (60)
Negative 409 (29) 71 (31)
Missing 211 (15) 23 (10)
Treatments
Surgery type (%)
Lumpectomy 742 (53) 121 (52)
Mastectomy 540 (39) 94 (41)
Unknown 107 (8) 17 (7)
Radiation therapy (%)
Yes 812 (59) 118 (51)
No 185 (13) 36 (16)
Unknown 392 (28) 78 (34)
Chemotherapy (%)
Yes 798 (56) 112 (51)
No 247 (18) 46 (19)
Unknown 344 (25) 74 (30)
Endocrine therapy (%)
Yes 622 (45) 103 (44)
No 226 (16) 26 (11)
Unknown 541 (39) 103 (44)

4 Standardized to the age distribution of the study population

least 5 years before their breast cancer diagnosis had an
86% increased risk of dying from breast cancer as com-
pared with those who did not have T2DM; fewer years of
T2DM were not associated with increased risk. The
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positive association was observed for localized as well as
regional breast cancer, and there was evidence of an
association with both ER+ and ER— breast cancer. As
expected, given that T2DM is associated with increased all-
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Table 2 Type 2 diabetes mellitus (T2DM) in relation to breast cancer mortality in 1,621 women diagnosed with invasive breast cancer

T2DM at time of breast cancer Total Deaths due to breast Age- and SEER stage-adjusted HR Multivariable HR (95%
diagnosis cases cancer (95% CI) CI)
No 1,389 237 Reference Reference
Yes 232 36 1.28 (0.89, 1.84) 1.28 (0.88, 1.86)
Duration (years)

<5 97 10 0.69 (0.37, 1.31) 0.71 (0.37, 1.36)

>5 135 26 1.94 (1.27, 2.95) 1.86 (1.20, 2.89)

Multivariable model adjusted for age at diagnosis, SEER stage, ER status, BMI, and initial treatment

T2DM type 2 diabetes mellitus, SEER surveillance, epidemiology, and end results, HR hazard ratio, CI confidence interval

Table 3 Type 2 diabetes mellitus (T2DM) in relation to breast cancer mortality, according to ER status and SEER stage

T2DM at time of breast cancer diagnosis

ER+ breast cancer (n = 907)

ER— breast cancer (n = 480)

Deaths/cases Multivariable HR (95% CI) Deaths/cases Multivariable HR (95% CI)
No 79/769 Reference 93/409 Reference
Yes 16/138 1.95 (1.06, 3.60) 16/71 0.96 (0.54, 1.72)
Duration (years)
<5 4/54 1.02 (0.36, 2.91) 4/30 0.42 (0.14, 1.19)
>5 12/84 2.86 (1.43, 5.72) 12/41 1.67 (0.85, 3.28)

T2DM at time of breast
cancer diagnosis

SEER stage: localized (n = 974)

SEER stage: regional (n = 576)

SEER stage: distant (n = 71)

Deaths/cases Multivariable HR Deaths/cases Multivariable HR Deaths/cases Multivariable HR
(95% CI) (95% CI) (95% CI)
No 61/837 Reference 130/490 Reference 46/62 Reference
Yes 12/137 1.87 (0.95, 3.66) 17/86 1.04 (0.61, 1.79) 7/9 1.13 (0.42, 3.02)
Duration (years)
<5 3/54 0.89 (0.27, 2.91) 4/40 0.51 (0.18, 1.39) 3/3 1.02 (0.22, 4.66)
>5 9/83 3.08 (141, 6.71) 13/46 1.58 (0.85, 2.96) 4/6 1.22 (0.37, 4.02)

Multivariable model is adjusted for age at diagnosis, SEER stage, ER status, BMI, and initial treatment

T2DM type 2 diabetes mellitus, ER estrogen receptor, SEER surveillance, epidemiology, and end results, HR hazard ratio, CI confidence interval

Table 4 Type 2 diabetes mellitus (T2DM) in relation to all-cause mortality in 1,621 women diagnosed with invasive breast cancer

T2DM at time of breast cancer diagnosis Total cases Deaths Age- and SEER stage-adjusted HR (95% CI) Multivariable HR (95% CI)
No 1,389 305 Reference Reference
Yes 232 63 1.50 (1.13, 1.99) 1.54 (1.15, 2.07)
Duration (years)
<5 97 15 0.73 (0.44, 1.24) 0.78 (0.46, 1.33)
>5 135 48 2.29 (1.66, 3.15) 2.26 (1.62, 3.15)

Multivariable model is adjusted for age at diagnosis, SEER stage, ER status, cigarette smoking, BMI, and initial treatment

T2DM type 2 diabetes mellitus, SEER surveillance, epidemiology, and end results, HR hazard ratio, CI confidence interval

cause mortality in the general population, T2DM was
found to be associated with all-cause mortality in this

cohort of breast cancer survivors.

Most studies of diabetes and breast cancer-specific
outcomes have focused on White women. Three studies

suggested that diabetes increases the risk of breast cancer
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recurrence or breast cancer-specific death [6, 9, 12], and
two studies showed no association [3, 5]. In a hospital-
based cohort of breast cancer patients in Sweden, a 45%
increased risk of breast cancer mortality was found among
diabetics compared to non-diabetics (1.45, 95% CI
1.35-1.59) [12]. There was no adjustment for cancer stage,
which may have resulted in overestimation of the associ-
ation, as diabetics have been shown to have a more
advanced stage of breast cancer or more aggressive tumor
characteristics [3, 5, 8, 10]. In our study, adjusting for
cancer stage slightly attenuated the effect of diabetes on
breast cancer-specific death. The California Breast Cancer
Survivorship Consortium (CBCSC), the only study to date
to include a subgroup analysis of African-American
women, found a 48% increased risk of breast cancer deaths
among diabetics in all groups combined (1.48, 95% CI
1.18, 1.87), but there was not a significant association
among African-Americans (1.17, 95% CI 0.72-1.90) [9].
That study followed 882 African-American women with
breast cancer, of whom 101 had T2DM, whereas the pre-
sent study followed 1,621 women, of whom 232 had
T2DM. The CBCSC did not report HRs for varying dura-
tions of diabetes by race/ethnicity, but did find that across
all groups, higher HRs were observed for a duration of
6 years or longer. Thus, the present results are not incon-
sistent with previous findings in Black women, but do
present the first solid evidence of a positive association in
this understudied group.

When new diagnoses of T2DM after the diagnosis of
breast cancer were considered in a secondary analysis, the
HR for >5-year duration of T2DM was reduced and no
longer statistically significant. The weaker association
observed in the time-dependent analysis may be due to the
relatively shorter time of living with diabetes among women
whose diabetes was diagnosed after breast cancer diagnosis
as compared with those women who were diagnosed with
diabetes at least 5 years before their breast cancer.

Associations of T2DM with increased all-cause mor-
tality have been found in a number of studies, including
some that found no association with breast cancer-specific
mortality. The Women’s Health Initiative found no asso-
ciation between diabetes and breast cancer-specific deaths
but observed an increase in all-cause mortality among
diabetics, largely accounted for by cardiovascular disease
[5]. In the Women’s Healthy Eating and Living cohort, all-
cause mortality was increased among diabetic breast cancer
patients compared to non-diabetic patients [3, 6]. A meta-
analysis on T2DM and prognosis following breast cancer
also found that diabetes was associated with increased non-
cancer related mortality [7].

There is plausible evidence for biological mechanisms
linking diabetes to breast cancer incidence. Insulin, insulin-
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like growth factor, and hyperinsulinemia, a characteristic
of type 2 diabetes, have all been implicated in malignant
transformation of normal breast epithelial cells [4, 17-19].
Unresolved systemic and local chronic inflammation is also
characteristic of T2DM in adults and may alter the tumor
microenvironment to promote cancer cell proliferation,
survival, and metastasis. These biological mechanisms may
be contingent upon a longer duration of diabetes in order to
impact breast cancer-specific mortality [9]. Interestingly,
the observed association did not differ according to whe-
ther or not the diabetic women were taking diabetes med-
ication at the time of breast cancer diagnosis.

Our study is the largest to date to assess the relation-
ship of diabetes with breast cancer-specific outcomes in
Black women diagnosed with invasive breast cancer.
Strengths include the relatively young age of the study
population, the demonstrated validity of self-reported
diabetes, and the ability to adjust for stage, treatment, ER
status, and BMI. Despite the relatively large size, the
study was underpowered to provide stable estimates of
risk within specific ER subtypes.

In summary, T2DM diagnosed at least 5 years before
breast cancer was associated with increased breast cancer
mortality in this cohort of Black women. This association
is consistent with associations observed in studies of
White women. Because the prevalence of T2DM is
markedly higher in Black women than White women, and
the age at onset of T2DM is earlier in Black women, it is
possible that T2DM contributes to the racial disparity in
breast cancer mortality. Clinicians treating women newly
diagnosed with breast cancer would be well advised to
take into account their history of T2DM and management
of the T2DM.
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