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Abstract

Background: Obesity has been more consistently associated
with breast cancer than type II diabetes. This analysis examined
the combination of the two factors in the Multiethnic Cohort
(MEC).

Methods:Women ages 45–75 years entered the MEC in 1993–
1996 by completing a questionnaire. Type II diabetes status was
self-reported at baseline, two follow-up questionnaires, and con-
firmed by administrative data. Cancers were identified from
tumor registries and deaths through vital records until 2010. Cox
regression was applied to estimate HRs and 95% confidence
intervals (CI) for BMI and type II diabetes status alone and in
combination.

Results: Among 103,721 (25,146 white, 20,255 African Amer-
ican, 7,681 Native Hawaiian, 28,012 Japanese American, 22,627
Latina) women with 14,558 type II diabetes cases, 6,692 women
developed breast cancer during 14.8 � 4.1 years of follow-up.

Type II diabeteswas significantly associatedwith breast cancer risk
(HR, 1.15; 95% CI, 1.07–1.23), but including body mass index
(BMI) lowered the HR to 1.08 (95% CI, 1.00–1.16). Ethnic-
specific BMI-adjusted models showed elevated risks for type II
diabetes in Latinas only (HR, 1.30; 95% CI, 1.11–1.52). In
contrast, obesity predicted statistically significant 21%–46%
higher risks, after type II diabetes adjustment, in all ethnic groups
except Latinas (HR, 1.17; 95% CI, 0.99–1.38).

Conclusions: As reported previously, inclusion of BMI weak-
ened the association of type II diabetes with breast cancer. Type II
diabetes status, but not BMI, was primarily associated with higher
breast cancer risk in Latinas.

Impact: The role of obesity and type II diabetes in breast
cancer etiology may differ by ethnicity suggesting metabolic
differences related to obesity. Cancer Epidemiol Biomarkers Prev;
26(6); 854–61. �2017 AACR.

Introduction
The rising burden of type II diabetes affects populations

around the world, but the incidence rates are particularly high
in African Americans, Native Americans, Pacific Islanders,
Latinos, and also in several Asian populations despite their
relatively low obesity rates (1). Obesity is considered the most
important modifiable risk factor for type II diabetes (2–5) and,
depending on the population, one of the most important
factors for breast cancer besides physical activity, hormone
treatment, and alcohol intake (6–8). Rates for these two
conditions are increasing at a rapid rate in all parts of the
world (9, 10). The association between type II diabetes and a
higher risk of developing breast cancer has been investigated
widely in primarily white populations (11, 12). For example, a
meta-analysis of 20 studies reported a 20% higher risk for
women with type II diabetes (13) and a later meta-analysis
based on 39 independent studies showed a summary relative
risk of 1.23 [95% confidence interval (CI), 1.12–1.35] for

prospective cohorts (11). Adjustment for BMI reduced the
association between type II diabetes and breast cancer (11),
for example, the summary estimate was 1.16 (95% CI, 1.08–
1.24) in studies adjusting for BMI as compared with 1.33 (95%
CI, 1.18–1.51) in studies without BMI adjustment. Because of
the strong influence of BMI on the risk of both diseases that are
increasing worldwide, the exploration of the combined impact
of type II diabetes and obesity on breast cancer risk is very
important. It appears that the associations of obesity with type
II diabetes (12) and breast cancer (2, 14) differ by ancestry and
that type II diabetes confers differential breast cancer risk
across geographic locations (15). Therefore, we investigated
the relative importance of obesity and type II diabetes alone
and in combination as independent risk factors for breast
cancer in African American, Native Hawaiian, Japanese Amer-
ican, Latino, and white female participants of the Multiethnic
Cohort (MEC).

Materials and Methods
Study population

The MEC was established in 1993–1996 to study the associa-
tion of lifestyle and genetics with cancer and other chronic
diseases among different ethnic groups in Hawaii and California
(16). More than 215,000 members ages 45–75 years at recruit-
ment entered the cohort (26% Japanese American, 23% white,
22%Latino, 16%AfricanAmerican, 7%NativeHawaiian, and 6%
Other). The Institutional Review Boards at the University of
Hawaii and the University of Southern California approved the
study protocol.
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Breast cancer cases were identified through regular linkages
with the Los Angeles County Cancer Surveillance Program, the
State of California Cancer Registry, and the statewide Hawaii
Tumor Registry, all part of the NCI's Surveillance, Epidemiology,
and EndResults (SEER) program,which provided information on
date of diagnosis, tumor stage, and hormone receptor status. Vital
status was identified by routine linkages with California and
Hawaii vital records and the National Death Index. Complete
case and death ascertainment was available up to December 31,
2010. For the current analysis, all women from the five major
ethnic groups represented in the MEC and free of breast cancer at
cohort entry were included (Table 1). Preexisting cases of breast
cancer as reported at baseline and identified through the SEER
registries, as well as women with missing BMI information at
cohort entry,were excluded. Thefinal dataset for analysis included
103,721 women of whom 6,692 had been diagnosed with breast
cancer, including in situ and invasive tumors.

Data collection
At cohort entry, participants completed a self-administered, 26-

page questionnaire (QX1) that collected self-reported demo-
graphic characteristics including place of birth, height and body
weight, medical history, family history of breast cancer, physical
activity, a dietary history, and a reproductive history in women.
Between 1999 and 2002, approximately 85% of eligible MEC
members answered a brief follow-up questionnaire (QX2) that
updated information on medical history and self-reported body
weight. During 2003–2007, a full questionnaire (QX3) was
returned by approximately 50% of cohort members providing
an update on BMI, medical conditions, and information on
current or past use of diabetes pills or insulin shots. Ethnic-specific
response rates of thosewhowere alive at the timeofQX2 andQX3
were 85%/60% forwhites, 74%/37% forAfricanAmericans, 84%/
57% for Native Hawaiians, 89%/60% for Japanese Americans,
and 75%/42% for Latinas. Each questionnaire included the

Table 1. Characteristics of the study population by diabetes status

Characteristicsa Category No diabetes Type II diabetesb

Participants Number 89,163 14,558
Person-years Number 1,325,439 205,002
Breast cancer cases Number 5,703 896
Age at cohort entry Mean � SD 59.7 � 8.9 61.6 � 8.1
Age at diabetes diagnosis Mean � SD NA 62.4 � 8.0
Age at breast cancer Mean � SD 67.9 � 9.2 69.6 � 8.2
Follow-up time Mean � SD 14.9 � 4.1 14.1 � 4.4
Ethnicity White 23,219 (26.0) 1,927 (13.2)

African American 16,500 (18.5) 3,755 (25.8)
Native Hawaiian 6,343 (7.1) 1,338 (9.2)
Japanese American 24,578 (27.6) 3,434 (23.6)
Latina 18,523 (20.8) 4,104 (28.2)
U.S.-born 9,051 (10.2) 2,367 (16.3)
Foreign-born 9,472 (10.6) 1,737 (11.9)

Education, yrs �12 40,815 (45.8) 8,300 (57.0)
13–15 26,405 (29.6) 3,828 (26.3)
�16 21,943 (24.6) 2,430 (16.7)

BMI, kg/m2 <20 7,943 (8.9) 332 (2.3)
�20 to <25 36,345 (40.8) 2,761 (19.0)
�25 to <30 27,795 (31.2) 5,062 (34.8)
�30 17,080 (19.2) 6,403 (44.0)

Family history of breast cancer Number 9,286 (10.4) 1,619 (11.1)
Smoking status Never 48,837 (54.8) 7,676 (52.7)

Past 25,702 (28.8) 4,674 (32.1)
Current 13,041 (14.6) 1,902 (13.1)

Alcohol intake, drinks <1 mo 54,277 (60.9) 11,211 (77.0)
�1/mo–<1/day 22,293 (25.0) 2,049 (14.1)
�1/day 8,109 (9.1) 468 (3.2)

Physical activity, min/day <30 35,907 (40.3) 7,282 (50.0)
�30 51,112 (57.3) 6,760 (46.4)

Age at menarche, yrs �12 42,781 (48.0) 7,724 (53.1)
13–14 33,925 (38.1) 4,932 (33.9)
�15 11,033 (12.4) 1,632 (11.2)

Parity 0 11,516 (12.9) 1,443 (9.9)
1 10,361 (11.6) 1,365 (9.4)
2–3 39,499 (44.3) 5,291 (36.3)
�4 26,704 (30.0) 6,254 (43.0)

Age at first live birth, yrs �20 11,702 (13.1) 1,476 (10.1)
21–30 24,999 (28.0) 5,271 (36.2)
�31 44,294 (49.7) 6,613 (45.4)

Hormone therapy use Never/pre 45,822 (51.4) 7,927 (54.5)
Past estrogen 13,342 (15.0) 2,590 (17.8)
Current estrogen 11,707 (13.1) 1,673 (11.5)
Combined 14,201 (15.9) 1,501 (10.3)

aN (%) unless otherwise indicated; percentages do not add to 100 due to missing values: 6,299 family history of breast cancer; 1,889 smoking status; 5,314 alcohol
intake; 2,660 physical activity; 1,694 age at menarche; 1,288 parity; 2,820 age at first live birth; 4,958 hormone therapy; 9,358 age at menopause.
bWomen with self-reported type II diabetes confirmed by at least one administrative data source.
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question "Has your doctor ever told you that you had diabetes?" A
biorepository was created in 2001–2006 on about 70,000 MEC
members; a specimen QX was administered at the time of blood
and urine collection when participants were asked to provide an
inventory of current medications but no information about start
date and years of use was collected.

Definition of type II diabetes status
On the basis of the information from the three question-

naires (QX1–3), as well as and three sources of administrative
data, that is, Medicare claims (17), California hospital dis-
charges (18), and a Hawaii health plan linkage (3), we
developed a strict definition of type II diabetes. Women with
at least one self-reported type II diabetes diagnosis, which was
confirmed by one or more administrative data source, were
considered cases. The first report of a type II diabetes diagnosis
was considered as the year of discovery as type II diabetes
often remains latent for several years and exact dates of
diagnosis are unavailable. A Medicare linkage for 1999–
2012 provided information on 114,309 fee-for-service bene-
ficiaries (17) as part of the Chronic Condition Warehouse
(CCW) that supplies information on common diseases using
specific algorithms based on Part A institutional claims and
Part B institutional and noninstitutional claims (19). We note
that for participants enrolled in Medicare-managed care plans,
comparable information cannot be obtained. The State of
California hospital discharge data base provided information
for each patient, including those in managed care, who is
treated as an inpatient in a licensed general acute care hospital
in California using the same algorithm as Medicare (18). In
Hawaii only, records for surviving MEC members were linked
in 2007 to the diabetes care registries of the two major insurers
in Hawaii that cover at least 90% of the population; multiple
claims for diabetes-related treatment services were used to
identify cases (3).

Statistical analysis
Cox regression with age as the time-metric and ethnicity

included as a strata variable (African American, Native Hawaiian,
Japanese American, Latina, or white) was applied to examine the
association between type II diabetes, obesity, and breast cancer
incidence. Type II diabetes status was modeled as a time-varying
exposure, but only the years with type II diabetes since cohort
entry were counted. All models included potential confounders
selected a priori based on established risk factors and previous
findings in the MEC (2, 20). They included age at cohort entry
(continuous), family history of breast cancer (no, yes, missing),
educational level (�12, 13–15, �16 years), BMI at cohort entry
(<20, 20–<25, 25–<30, �30 kg/m2), alcohol consumption (<1/
month,�1/month to <1/day,�1/day, missing), physical activity
(<30 or�30minutes ofmoderate/vigorous activity, missing), age
at menarche (�12, 13–14, �15 years, missing), age at first
childbirth (no children, �20, 21–30, �31 years, missing), num-
ber of children (0, 1, 2–3, �4, or missing), type of menopause
(premenopausal, natural, oophorectomy, or hysterectomy, miss-
ing), age at menopause (<45, 45–49, 50–54,�55 years, missing),
and postmenopausal hormone therapy (HT; never, past estrogen
with or without progestin, current estrogen without progestin,
current estrogen with past or current progestin, missing). Missing
covariate information was included into the models as a separate
category (Table 1).

To explore whether BMI and type II diabetes are independent
predictors of breast cancer risk, type II diabetes models with and
without BMI at cohort entry, as well as BMI models with and
without type II diabetes, were compared. We examined three
potential interactions, that is, type II diabetes/ethnicity, type II
diabetes/BMI, and BMI/ethnicity, using global Wald tests of the
cross-product terms. As sensitivity analysis, we restricted the
models to invasive cases only, postmenopausal women, to obser-
vations without missing covariates, and to type II diabetes cases
reported after cohort entry. Separatemodels by ethnicity, and also
by birth place for Latinas (United States vs. foreign-born), BMI
category, stage of disease at diagnosis, estrogen receptor (ER)/
progesterone receptor (PR) status, andmedication use as reported
from the specimen QX or QX3 were examined to compare effect
sizes across subgroups.

Results
Among 103,721 (25,146 white, 20,255 African American,

7,681 Native Hawaiian, 28,012 Japanese American, 22,627
Latina) female participants (Table 1), 18,178 women self-
reported type II diabetes and 14,558 (80%) type II diabetes
cases were confirmed by administrative data sources. The major
reasons for lack of confirmation were not being part of Medi-
care due to young age or managed care plan (N ¼ 2,987), not
member of a linked health plan in Hawaii (N ¼ 825), and
deaths (1,218 by 2010).

During 14.8 � 4.1 years of follow-up, 6,692 breast cancer
cases were identified in the entire cohort; among women with
type II diabetes, 989 developed breast cancer but only 896 cases
occurred after type II diabetes had been diagnosed. The mean
time period between type II diabetes and breast cancer diagnosis
was 7.3 � 4.4 years. The prevalence of obesity (�30 kg/m2)
differed by ethnicity: 19% in whites, 38% in African Americans,
36% in Native Hawaiians, 7% in Japanese American, 32% in
U.S.-born and 26% in foreign-born Latinas (P < 0.0001). The
respective percentages of women with type II diabetes were 2%,
19%, 35%, and 44% among low, normal, overweight, and
obese participants. Women with type II diabetes were older at
cohort entry and more likely to be African American, Native
Hawaiian, or Latina; they also reported lower education, less
physical activity, and higher parity.

In models without BMI (Table 2), type II diabetes was signif-
icantly associated with breast cancer (HR, 1.15; 95% CI, 1.07–
1.23; P ¼ 0.0002), but including BMI lowered the relative risk
estimate to 1.08 (95%CI, 1.00–1.16; P¼ 0.04). Modeling BMI as
continuous variable or dividing the highest BMI category into 30–
<35 and�35 kg/m2 did not change the results (HR, 1.08; 95%CI,
1.00–1.16 for both models). Findings restricted to postmeno-
pausal women were similar with respective HRs of 1.16 (95% CI,
1.07–1.25) and 1.09 (95% CI, 1.00–1.18).

Although the interaction between type II diabetes and eth-
nicity was not statistically significant (P ¼ 0.12), stratification
by ethnic group showed significant or suggestive increases in
breast cancer risk among Latinas (HR, 1.33; 95% CI, 1.14–1.56
and HR, 1.30; 95% CI, 1.11–1.52), African Americans (HR,
1.18; 95% CI, 1.02–1.37 and HR, 1.14; 95% CI, 0.99–1.33),
and whites (HR, 1.18; 95% CI, 0.98–1.43 and HR, 1.10; 95%
CI, 0.90–1.34) for models without and with BMI. However,
type II diabetes status was not a significant predictor of breast
cancer risk among Native Hawaiian and Japanese American
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women with and without BMI adjustment. The interaction term
for place of birth among Latinas was not significant (P ¼ 0.59),
but the BMI-adjusted relative risk estimates was lower for
U.S.-born (HR, 1.18; 95% CI, 0.96–1.44) than foreign-born
(HR, 1.39; 95% CI, 1.08–1.79) women. Among the 11,418
U.S.-born, 21% had a type II diabetes diagnosis, while the
proportion in the 11,209 foreign-born women was 16%.

The type II diabetes with BMI interaction was also not
significant (P ¼ 0.31) but small differences in risk by BMI
category were detected. Only within the group of obese parti-
cipants was the risk elevated by 12% (95% CI, 1.00–1.26); type
II diabetes was not a significant predictor for breast cancer
among low, normal, and overweight women. Stratified models
by ER/PR status indicated no difference in the association
between type II diabetes and breast cancer after adjustment
for BMI, whereas stage-specific models showed elevated risks
for regional/distant (HR 1.22; 95% CI, 1.03–1.44) and local-
ized disease (HR 1.11; 95% CI, 1.00–1.24) but not for in situ
cancers. Excluding the 1,134 in situ breast cancer cases that may
have resulted from screening in more health conscious women
changed the BMI-adjusted relative risk estimate only to a small
degree (HR 1.09; 95% CI, 1.01–1.18).

Of women with type II diabetes, 8,343 (57%) participated in
one of the questionnaires asking about medication and 7,046
(48%) reported medication in the specimen QX (N ¼ 5,045) or
QX3 (N¼ 6,848). The remaining 7,512 type II diabetes cases did
not report any medication or did not participate in the specimen
QX or QX3. Of the 896 incident breast cancer cases, 654 (73%)
participated in one of the questionnaires and 556 (62%) reported
diabetes medication but timing and length of use in relation to
breast cancer diagnosis was unknown. In users of type II diabetes
medication, a significant associationof type II diabeteswithbreast
cancer was observed after BMI adjustment (HR, 1.27; 95% CI,
1.16–1.38), while the BMI-adjusted relative risk for never users
was 0.88 (95% CI, 0.79–0.98; Table 2).

A sensitivity analysis of 79,510 participants without missing
covariate values indicated unchanged results with an overall
relative risk of 1.08 (95% CI, 0.99–1.17) for the BMI adjusted
model. When all type II diabetes cases diagnosed before cohort
entry were excluded, the risk estimate also did not substantially
change (HR, 1.09; 95% CI, 0.89–1.35).

BMI (Table 3) was an important predictor for breast cancer
(P < 0.0001) with a borderline interaction effect across ethnic
groups (P ¼ 0.05). The respective HRs for overweight and
obesity as compared with the 20–<25 kg/m2 category in the
total study population were 1.21 (95% CI, 1.14–1.29) and 1.31
(95% CI, 1.22–1.41) when type II diabetes was included.
However, these relative risk estimates were basically unchanged
in models without type II diabetes. BMI was also a statistically
significant predictor in all ethnic groups except Latinas (P ¼
0.27). The respective HRs for obese women as compared with
the 20–<25 kg/m2 category in white, African Americans, Native
Hawaiians, and Japanese American were 1.33 (95% CI, 1.15–
1.53), 1.21 (95% CI, 1.04–1.41), 1.35 (95% CI, 1.09–1.67),
and 1.46 (95% CI, 1.23–1.72). Among obese Latinas, the
association did not reach statistical significance (HR, 1.17;
95% CI, 0.99–1.38) despite being similar in strength as in
African Americans. The interaction term for place of birth
among Latinas was not significant (P ¼ 0.24); however, the
risk was only elevated in U.S.-born (HR, 1.32; 95% CI, 1.06,
1.64) and not in foreign-born (HR, 0.94; 95% CI, 0.72–1.23)
women. Stratification by type II diabetes status indicated strong
associations of obesity with breast cancer for women with type
II diabetes (HR, 1.41; 95% CI, 1.16–1.71) and without (HR,
1.30; 95% CI, 1.20–1.41).

Further stratification by ER/PR status (Table 4) indicated that
obesity was a risk factor for breast cancer only in ERþ/PRþ tumors
across ethnic groups with HRs as high as 1.71 for Japanese
Americans although the risk estimates were not significant after
separation of Latinas by birth place.

Table 2. HRs for type II diabetes and breast cancer risk, multiethnic cohort, 1993–2010a

Models without BMI BMI Included
Characteristic Category Cases with T2D HR (95% CI) HR (95% CI)

All women 896 1.15 (1.07–1.23) 1.08 (1.00–1.16)
Postmenopausal women 728 1.16 (1.07–1.25) 1.09 (1.00–1.18)
Ethnicity White 116 1.18 (0.98–1.43) 1.10 (0.90–1.34)

African American 227 1.18 (1.02–1.37) 1.14 (0.99–1.33)
Native Hawaiian 107 0.99 (0.80–1.23) 0.93 (0.75–1.16)
Japanese American 239 1.04 (0.90–1.20) 0.94 (0.82–1.08)
Latina 207 1.33 (1.14–1.56) 1.30 (1.11–1.52)
U.S.-born 130 1.25 (1.02–1.52) 1.18 (0.96–1.44)
Foreign-born 77 1.38 (1.08–1.77) 1.39 (1.08–1.79)

Hormone Receptorsb ERþ/PRþ 442 1.17 (1.05–1.29) 1.06 (0.95–1.18)
ER�/PR� 107 1.03 (0.83–1.26) 1.02 (0.83–1.27)
ERþ/PR� and ER�/PRþ 132 1.01 (0.81–1.28) 1.00 (0.79–1.26)

Stageb In situ 140 1.05 (0.87–1.25) 1.02 (0.85–1.22)
Localized 445 1.18 (1.06–1.31) 1.11 (1.00–1.24)
Regional/Distant 198 1.28 (1.09–1.50) 1.22 (1.03–1.44)

BMI status <20 kg/m2 18 1.17 (0.73–1.89) NA
20–<25 kg/m2 140 0.97 (0.82–1.16) NA
25–<30 kg/m2 314 1.05 (0.93–1.18) NA
�30 kg/m2 424 1.12 (1.00–1.26) NA

T2D status Reporting medication 556 1.35 (1.24–1.47) 1.27 (1.16–1.38)
No medication 340 0.93 (0.83–1.04) 0.88 (0.79–0.98)

Abbreviation: T2D, type II diabetes.
aHRs and 95% CIs obtained by Cox regression with ethnicity as strata and age as timemetric and adjusted for age at cohort entry, education, family history of breast
cancer, alcohol intake, physical activity, age atmenarche, parity, age at first live birth, postmenopausal hormone use, and ethnicity and BMI depending on themodel.
bStage at diagnosis is missing for 897 breast cancer cases, ER status for 1,487 and PR status for 1,796 cases.
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Discussion
Among a population of 103,855 participants with 14,558

confirmed type II diabetes and 6,692 breast cancer cases, type II
diabetes was modestly associated with breast cancer before but
not after BMI adjustment. When stratified by ethnicity, we
detected a 30% higher risk with and without BMI adjustment
for Latinas, a small 10%–14% increase among African Amer-
ican and white women but no significant associations among
Japanese American and Native Hawaiian women. In contrast,
the association with obesity was not significant in Latinas as

was observed in an earlier report from the MEC (2). Interest-
ingly, stratification by place of birth among Latinas suggested
that obesity was a risk factor for breast cancer in U.S.-born but
not foreign-born women, while type II diabetes predicted a
higher risk among foreign-born but not U.S.-born Latinas.
However, the differences between U.S.-born and foreign-born
Latinas need to be interpreted with caution given the lack of
significant interaction terms. As in previous reports (21), obe-
sity was only associated with ERþ/PRþ tumors.

The 8% increase in risk for the entire MEC population and
the 10% nonsignificant increase in risk for whites associated
with type II diabetes is lower than reported in the literature, for
example, a relative risk of 1.23 (95% CI, 1.12–1.35) for a meta-
analysis in prospective cohorts (11), although the risk was also
lower when type II diabetes was included in the model (RR,
1.16; 95% CI, 1.08–1.24) than in studies without BMI (RR,
1.33; 95% CI, 1.18–1.51). The results by geographic location
are contradictory. Whereas the association between type II
diabetes and breast cancer risk was higher in Europe (RR,
1.88; 95% CI, 1.56–2.25) and America (RR, 1.16; 95% CI,
1.12–1.20) than Asia (RR, 1.01; 95% CI, 0.84–1.21) in one
report (15), an older meta-analysis with a larger number of
studies (13) found a higher relative risk estimate in Asia (RR,
1.45; 95% CI, 1.07–1.97) than in North America (RR, 1.12;
95% CI, 1.06–1.18) and Europe (RR, 1.19; 95% CI, 1.08–1.31).
The current study did not confirm the higher risk for ERþ than
ER� tumors reported from the Nurses' Health Study although
the results looked suggestive (22).

For African Americans, our BMI-adjusted results agree with
the only published study of 1,128 breast cancer cases (23)
that reported no significantly higher breast cancer risk asso-
ciated with type II diabetes. For women of Asian ancestry,
four previous cohorts found significantly elevated risks for
breast cancer in women with type II diabetes (24–29), but
our results are consistent with three cohorts that detected no
significant increase of breast cancer associated with type II
diabetes (30–32) or type I diabetes (33). For example, the
most recent study with 182,542 Japanese women reported a
risk estimate of 0.98 (95% CI, 0.69–1.38; ref. 32). The

Table 4. Obesity and breast cancer risk by tumor type, multiethnic cohort,
1993–2010a

Ethnicity ER/PR status Cases with T2D HR (95% CI)

White ERþ/PRþ 885 1.36 (1.12–1.66)
ER�/PR� 195 1.03 (0.67–1.58)
Discordant 179 1.03 (0.64–1.66)

African American ERþ/PRþ 453 1.53 (1.17–2.00)
ER�/PR� 209 1.00 (0.68–1.46)
Discordant 134 0.89 (0.56–1.42)

Native Hawaiian ERþ/PRþ 391 1.52 (1.15–2.01)
ER�/PR� 74 0.89 (0.49–1.63)
Discordant 59 1.38 (0.69–2.76)

Japanese American ERþ/PRþ 1123 1.71 (1.37–2.12)
ER�/PR� 226 1.19 (0.68–2.08)
Discordant 247 0.97 (0.57–1.66)

Latina ERþ/PRþ 439 1.34 (1.04–1.74)
ER�/PR� 177 0.88 (0.58–1.35)
Discordant 109 1.06 (0.64–1.77)

U.S.-born ERþ/PRþ 259 1.35 (0.97–1.89)
ER�/PR� 92 1.16 (0.66–2.03)
Discordant 69 1.06 (0.55–2.04)

Foreign-born ERþ/PRþ 180 1.25 (0.83–1.89)
ER�/PR� 65 0.56 (0.28–1.11)
Discordant 40 0.87 (0.36–2.06)

aHRs and 95%CIs for obese (>30 kg/m2) versus normal weight (20–<25 kg/m2)
obtained by Cox regression with age as time metric and adjusted for age at
cohort entry, education, family history of breast cancer, alcohol intake, physical
activity, age at menarche, parity, age at first live birth, postmenopausal
hormone use, and type II diabetes.
Abbreviation: T2D, type II diabetes.

Table 3. Body Mass Index and Breast Cancer Risk, Multiethnic Cohort, 1993–2010a

Models without T2D T2D Included
Characteristic Category Cases with T2D HR (95% CI) HR (95% CI)

All women <20 kg/m2 18 0.94 (0.85–1.03) 0.94 (0.85–1.03)
�20–<25 kg/m2 140 1.00 1.00
�25–<30 kg/m2 314 1.22 (1.15–1.29) 1.21 (1.14–1.29)
�30 kg/m2 424 1.33 (1.24–1.43) 1.31 (1.22–1.41)

Obesity (>30 kg/m2) as compared with 20–<25 kg/m2

Postmenopausal women 728 1.34 (1.17–1.45) 1.32 (1.22–1.43)
Ethnicity White 116 1.27 (1.06–1.66) 1.33 (1.15–1.53)

African American 227 1.24 (1.06–1.44) 1.21 (1.04–1.41)
Native Hawaiian 107 1.33 (1.08–1.65) 1.35 (1.09–1.67)
Japanese American 239 1.43 (1.22–1.69) 1.46 (1.23–1.73)
Latina 207 1.22 (1.04–1.44) 1.17 (0.99–1.38)
U.S.-born 130 1.36 (1.10–1.69) 1.32 (1.06–1.64)
Foreign-born 77 0.98 (0.76–1.29) 0.94 (0.72–1.23)

T2D No 5,703 1.30 (1.20–1.41) NA
Yes 896 1.41 (1.16–1.71) NA

Abbreviation: T2D, type II diabetes.
aHazard ratios (HR) and 95% confidence intervals (CI) obtained by Cox regressionwith ethnicity as strata and age as timemetric and adjusted for age at cohort entry,
education, family history of breast cancer, alcohol intake, physical activity, age atmenarche, parity, age at first live birth, postmenopausal hormone use, and ethnicity
and T2D depending on the model.
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difference in relative risk estimates for obesity and breast
cancer, adjusted for type II diabetes, between Japanese Amer-
icans at 1.46 versus 1.33 for whites in the current analysis is
somewhat smaller than in a summary report that indicated a
2-fold higher risk for obese as compared with normal weight
among women of Asian ancestry (14) as compared with the
risk estimate of 1.27 (95% CI, 1.03–1.55) reported for
mostly white populations (34).

In contrast to the current study, a population-based case–
control study in the U.S. Southwest (35) with Hispanic and
non-Hispanic women found no association of a type II dia-
betes history with pre- (OR, 0.89; 95% CI, 0.64, 1.26) or
postmenopausal breast cancer (OR, 0.96; 95% CI, 0.78,
1.19) despite the higher prevalence of type II diabetes among
Latina than white women. Interestingly, one study showed that
Latina women with type II diabetes who exercised had a
significantly reduced breast cancer risk (OR, 0.41; 95% CI,
0.21–0.83) as compared with women with type II diabetes
who did not exercise (OR, 0.96; 95% CI, 0.63–1.48); women
without a type II diabetes history and reporting no physical
activity served as the reference group (36). As to the weak
association between obesity and breast cancer among Latina
women, similar findings have been reported previously for the
MEC (2) and for Hispanic women in Los Angeles (37) and in
the U.S. Southwest, which detected no association of obesity
and weight gain in Hispanic women as compared with a
significant positive association with breast cancer risk in whites
(38). The point has been made that the association with
various established breast cancer risk factors, not only BMI,
appears to be different in Latinas (39) and that weight gain
appears to be a better predictor breast cancer than recent BMI
among Latinas with a low BMI in early adulthood (14). One
explanation could be that admixed genetic components lead to
diverse metabolic consequences of obesity in Hispanic wom-
en, for example, a high degree of genetically defined American
Indian ancestry predicted a lower risk of breast cancer associ-
ated with high weight/obesity and fat distribution (38). Other
possible explanations are that the increase in BMI associated
with migration and acculturation to the U.S. lifestyle (40–42)
affects the metabolic profile associated with obesity or body
fat distribution leading to higher visceral and liver fat that
may increase breast cancer risk more than BMI (43). The
presence of type II diabetes may also influence the uptake
of cancer screening in a way that recent immigrants to the
United States may be less likely to be diagnosed with early
stage type II diabetes as indicated by the lower proportion of
type II diabetes in foreign versus U.S.-born Latinas in the MEC
(21% vs. 16%).

The major strength of the current study is the availability of
multiple data sources for type II diabetes status. This makes it
possible to create a robust and consistent definition of diagnosis
across ethnic groups, provides high specificity, and avoids mis-
classification. In addition, the MEC not only includes large
numbers of type II diabetes and breast cancer cases from ethnic
groups with disparate risk for both conditions, but the partici-
pants also represent a wide range of BMIs. These diverse data
offered the opportunity to investigate the association of type II
diabetes with breast cancer with increased power than previous
reports. One of the limitations of the MEC data is the lack of
detailed information about type II diabetes treatment as diabetes
medication in all type II diabetes cases, in particular the insulin

glargine as a possible risk factor and metformin as a protective
agent, have received a lot of attention (44–46). Medication use
may also be an indicator of disease severity and, therefore, explain
the stronger association between type II diabetes andbreast cancer
in theMEC (HR 1.27 for users vs. HR 0.88 for nonusers) similar to
a reported risk of 2.23 for insulin-treated women and 0.72 for
those with oral medication (36).

As possible mechanisms for a link between type II diabetes
and breast cancer, insulin resistance, hyperinsulinemia,
hyperglycemia and dyslipidemia, inflammatory cytokines,
and adipokines have been discussed as they are all associated
with increased tumor growth and metastasis (47). Hypergly-
cemia may contribute to the development and progression of
cancers by promoting transformation of cancer cells and
providing energy for cell growth. The possible effects of
insulin are supported by a report from the Women's Health
Initiative showing that elevated fasting insulin levels were
associated with breast cancer risk (48). It is possible that the
balance of glucose and fasting insulin is more important
than adiposity in the development of breast cancer (45).
Foreign-born Latinas with similar weight status may, there-
fore, be more metabolically healthy than U.S.-born Latinas
and/or those with higher acculturation (38–41). To clarify
the factors that contribute to the associations between dia-
betes, hyperglycemia, diabetes treatment, and cancer, it may
be helpful to investigate the influence of glycemic control in
future studies (45).

As to the relative importance of type II diabetes and obesity,
the current data suggest that excess body weight is a strong
predictor of breast cancer development in women with and
without type II diabetes in all ethnic groups except foreign-born
Latinas, possibly a chance finding. This observation agrees with
a study of type II diabetes patients, in which obesity conferred a
significant 19% higher breast cancer risk (4). On the other
hand, type II diabetes increased breast cancer risk by only 8% in
this multiethnic population after taking into account BMI
status and the increased risk was limited to foreign-born Lati-
nas, more advanced stage breast cancers, type II diabetes cases
using medication, and obese women. Conversely, BMI was an
important predictor for breast cancer independent of type II
diabetes status except in foreign-born Latinas suggesting a
different relation between obesity and metabolic health in
these women.
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