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OBJECTIVE — Hyperinsulinemia may promote mammary carcinogenesis. Insulin resistance
has been linked to an increased risk of breast cancer and is also characteristic of type 2 diabetes.
We prospectively evaluated the association between type 2 diabetes and invasive breast cancer
incidence in the Nurses’ Health Study.

RESEARCH DESIGN AND METHODS — A total of 116,488 female nurses who were
30-55 years old and free of cancer in 1976 were followed through 1996 for the occurrence of
type 2 diabetes and through 1998 for incident invasive breast cancer, verified by medical records
and pathology reports.

RESULTS — During 2.3 million person-years of follow-up, we identified 6,220 women with
type 2 diabetes and 5,189 incident cases of invasive breast cancer. Women with type 2 diabetes
had a modestly elevated incidence of breast cancer (hazard ratio [HR] = 1.17; 95% CI 1.01-
1.35) compared with women without diabetes, independent of age, obesity, family history of
breast cancer, history of benign breast disease, reproductive factors, physical activity, and alco-
hol consumption. This association was apparent among postmenopausal women (1.16; 0.98—
1.62) but not premenopausal women (0.83; 0.48-1.42). The association was predominant
among women with estrogen receptor—positive breast cancer (1.22; 1.01-1.47).

CONCLUSIONS — Women with type 2 diabetes may have a slightly increased risk of breast

cancer.
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reast cancer incidence is higher in

more affluent countries and among

women with high socioeconomic
status (1,2). Although lower parity, de-
layed childbearing, and higher alcohol
consumption in high socioeconomic sta-
tus populations may explain part of this
observation (2), a lifestyle characterized
by sedentary routines (3) and possibly a
diet high in refined carbohydrates, sug-

ars, and animal fats may also play an im-
portant role. This Western lifestyle often
results in insulin resistance, a condition
characterized by a decreased sensitivity of
target tissues to circulating insulin and
compensatory hyperinsulinemia (4). In-
sulin inhibits the production of sex hor-
mone-binding globulin (SHBG) (5,6),
which results in an increase in free steroid
hormones, free estrogens in particular,
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because testosterone successfully com-
petes with estrogen for SHBG (7).

Insulin is also a growth-promoting
hormone with mitogenic effects in both
normal and malignant breast tissue (8,9).
Insulin suppresses IGF binding protein-1
and thus increases bioavailable IGF-1
(10). The effect of estradiol on hormone-
dependent breast cancer cell proliferation
may depend on the presence of insulin or
IGF (9,1D).

Insulin resistance coupled with an
insulin secretory defect causes type 2 di-
abetes. Hyperinsulinemia with insulin re-
sistance also has been postulated to
increase the risk of breast cancer (12-14).
Obesity is associated with type 2 diabetes
and leads to a rise in endogenous estrogen
levels.

With the worldwide increase in obe-
sity and type 2 diabetes, an association
between type 2 diabetes and breast cancer
might have public health implications.
We used data from the large ongoing
Nurses’ Health Study cohort to investigate
whether type 2 diabetes is associated with
subsequent incidence of breast cancer in-
dependent of adiposity.

RESEARCH DESIGN AND
METHODS

Population

The Nurses’ Health Study was established
in 1976 when 121,700 female registered
nurses 30-55 years of age completed a
mailed questionnaire on their health sta-
tus and on various potential risk factors
for cancer, cardiovascular disease, and
other major illnesses. Participants receive
follow-up questionnaires biennially to
update information on demographic, an-
thropometric, and lifestyle factors and on
newly diagnosed diseases including dia-
betes and breast cancer. The response rate
still exceeds 90%. The Nurses’ Health
Study was approved by the institutional
review board of the Brigham and Wom-
en’s Hospital (Boston, MA).
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Diabetes confirmation and
validation

All women who report a physician diag-
nosis of diabetes on the biennial ques-
tionnaire are mailed a supplemental
questionnaire requesting detailed infor-
mation on diagnosis, laboratory results,
and treatment. Participants who con-
firmed a diagnosis of diabetes on this
supplementary questionnaire were con-
sidered to have “definite” type 2 (non—
insulin-dependent) diabetes if they met
the National Diabetes Data Group criteria
for diabetes (15), did not meet criteria for
type 1 (insulin-dependent and ketosis-
prone) diabetes, and were diagnosed at
age =30 years. No weight criteria were
used in the type 2 classification. Only
women with definite type 2 diabetes were
classified as diabetic in this analysis;
women who reported a diagnosis of dia-
betes on the main questionnaire but were
classified as probable or unlikely on the
basis of supplementary questionnaire in-
formation and women who were classi-
fied as having type 1 diabetes were
excluded from this analysis.

The validity of supplementary ques-
tionnaires to confirm and characterize di-
abetes type was evaluated in a random
subsample of Nurses’ Health Study par-
ticipants with self-reported type 2 diabe-
tes (16). Of 84 women contacted, 71 gave
permission for medical record review;
records were obtained for 62 women.
Self-reports of type 2 diabetes were con-
firmed by medical record review by an
endocrinologist for 61 (98%) of the cases.

The diagnostic criteria for diabetes
were changed by the American Diabetes
Association in 1997 (17). Because we as-
sessed diabetes only up to 1996 for this
analysis, the change in criteria did not af-
fect our diabetes definition.

Information on diabetes medication
(insulin and sulfonylureas) was obtained
from the main and supplementary
questionnaires.

Identification of breast cancer

On each biennial questionnaire, partici-
pants were asked whether they had been
newly diagnosed with breast cancer dur-
ing the previous 2 years, and if so, what
was the date of diagnosis. The National
Death Index is also routinely searched for
deaths among women who do not re-
spond to the questionnaires. All women
who reported breast cancer (or the next of
kin for those who had died) were asked

for permission to review the relevant
medical records to confirm the diagnosis.
Pathology reports, obtained for 93% of
the cases, confirmed breast cancer in
>99% of women whose reports were re-
viewed. Although medical records could
not be obtained for 7% of the cases, anal-
yses were based on all reports of newly
diagnosed breast cancer, because the de-
gree of accuracy of the participants’ re-
ports was extremely high among those for
whom records were obtained. Cases of
breast carcinoma in situ (n = 612) were
censored from this analysis because we do
not follow them further for the occur-
rence of invasive breast cancer in our co-
hort. Only a fraction of in situ breast
cancers progresses to become invasive.
We excluded ductal carcinoma in situ as
end point because differential use of pre-
ventive services could lead to higher de-
tection of carcinoma in situ and lead to
spurious associations. Diabetic women
see providers more often than healthy
women and therefore might have greater
access to screening.

Population for analysis

Women who reported cancer (except for
nonmelanoma skin cancer) at baseline in
1976 were excluded from the analyses
(n = 3,302), as were those who reported
type 1 diabetes (n = 497) or type 2 dia-
betes that was not confirmed by the sup-
plementary questionnaire (n = 1,091) or
if their date of diagnosis of diabetes was
missing (n = 4). Women who reported
onset of diabetes before age 30 years were
excluded from the study population, as
they were more likely to have type 1 dia-
betes (n = 112). Participants also were
excluded if their date of birth was missing
(n = 27), if they died shortly after agree-
ing to participate in the study (n = 2), if
they did not report their height (n = 149),
or if they developed breast cancer during
follow-up but their date of diagnosis was
not available (n = 29). This left a study
population of 116,488 women. During
follow-up, women were censored from
the analysis if they developed breast can-
cer or any other cancer, if they died, or if
they were lost to follow-up.

Statistical analysis

Women were followed prospectively for
the occurrence of diabetes from 1976 to
1996 and for invasive breast cancer from
1976 to 1998. Women with prevalent di-
abetes in 1976 were included in the anal-
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yses. When duration of diabetes was
considered, self-reported date of diagno-
sis was used also for women who reported
onset before 1976. Person-years of fol-
low-up were calculated as the time from
completion of the 1976 questionnaire at
baseline to the date of return of the 1998
questionnaire or to the date of diagnosis
of invasive breast cancer, breast carci-
noma in situ, other cancer, death, or loss
to follow-up, whichever occurred first.
Women contributed person-years as dia-
betic subjects (exposed) from the time of
diagnosis of type 2 diabetes until they
reached one of the above-listed censoring
points. Women with prevalent diabetes in
1976 contributed person-years as dia-
betic subjects from the start of follow-up.
Women contributed person-years as non-
diabetic subjects (nonexposed) during
the time they were free of type 2 diabetes.
A Cox proportional hazards model was
used to calculate the hazard of developing
invasive breast cancer given a history of
type 2 diabetes (18). The proportional
hazards model allows us to adjust simul-
taneously for multiple potential con-
founders of this association. Regression
models were adjusted for age (in months),
family history of breast cancer in first-
degree relative(s) (dichotomous), history
of benign breast disease (dichotomous),
height (continuous), BMI at age 18 years
(continuous), current BMI (continuous),
waist-to-hip ratio (continuous), age at
menarche (=11, 12, 13, 14, =15 years),
parity (0, 1, 2, 3, =4 children), age at
birth of first child (<25, 25-29.9, 30—
34.9, =35 years), menopausal status
(premenopausal, postmenopausal, un-
known), age at menopause (continuous),
use of postmenopausal hormones (never,
past user for <5 years, past user for =5
years, current user for <5 years, current
user for =5 years), moderate and vigor-
ous physical activity (<1, 1-1.9, 2-3.9,
4-6.9, =7 h per week), and alcohol con-
sumption (none, 0.1-4.9, 5.0-14.9,
=15 g per day). Covariate values were
updated in the analysis whenever new in-
formation was obtained from the biennial
questionnaire between 1976 and 1996.
Information on alcohol consumption was
first obtained in 1980 and assumed con-
stant between 1976 and 1980. Because
waist-to-hip ratio was assessed only in
1986 and 1996, we did not include this
variable as a covariate in all our analytic
models, but in secondary analyses we
tested whether inclusion would alter the

DiaBETES CARE, VOLUME 26, NUMBER 6, JUNE 2003

1753



Type 2 diabetes and breast cancer

Table 1—Age-standardized characteristics of 116,488 participants of the Nurses’ Health

Study according to diabetes status

Type 2
No diabetes*  diabetes*

Person-years (n) 2,306,664 59,171
Mean age (years) 52.1 59.1
Breast cancer cases (n) 5,403 202
Family history of breast cancer (%)t 13.0 12.9
History of benign breast disease (%)% 44.7 41.7
Mean height (ms) 1.64 1.63
Mean BMI at age 18 years (kg/m?) 213 233
Mean adult BMI (kg/m?) 25.0 30.7
Mean waist-to-hip ratio 0.80 0.86
Mean age at menarche (years) 12.5 12.1
Nulliparous women (%) 6.9 7.3
Mean number of children (among parous women) 3.2 3.3
Mean age at first birth (among parous women) (years) 24.8 24.9
Premenopausal (%) 37.2 34.7
Mean age at natural menopause (years) 52.4 52.5
Use of postmenopausal hormones (among all women)

Current (%) 14.5 10.7

Past (%) 9.8 11.8
Physical activity (mean number of hours per week) 32 2.7
Alcohol consumption

None (%) 283 52.0

Mean grams per day (among women who drink alcohol) 9.2 6.4

*All values presented represent average values during follow-up; ta family history of breast cancer is defined
as ever reporting breast cancer in a first-degree relative; ¥a history of benign breast disease is defined as ever
reporting a history of fibrocystic or other benign breast disease.

estimates. Analyses were stratified by BMI
(<25, 25-29.9, =30 kg/m?), meno-
pausal status (pre- and postmenopausal),
both of the above, postmenopausal hor-
mone use, family history of breast cancer,
mammography screening, use of diabetes
medication (insulin, oral hypoglycemic
medication, or other oral diabetes medi-
cation), and by duration of diabetes (=5,
5.1-10, 10.1-15, 15.1-20, =20 years)
before a diagnosis of breast cancer. Sepa-
rate analyses were conducted to explore
the association between a history of type 2
diabetes and estrogen receptor—positive
and -negative breast cancer and fatal
breast cancer.

All tests of statistical significance are
two sided.

RESULTS — During 2.3 million per-
son-years of follow-up over 22 years,
6,120 women who were cancer-free re-
ported type 2 diabetes and 5,605 women
were newly diagnosed with invasive
breast cancer. Of the women with breast
cancer for whom estrogen receptor status
was known, 2,915 had estrogen receptor—
positive and 989 had estrogen receptor—

negative breast cancer. A total of 1,100
women had died from breast cancer as of
June 1998.

Table 1 shows the distribution of
characteristics during follow-up among
participants who reported diabetes at
baseline or during follow-up and among
those who remained free of the disease.
Women who reported type 2 diabetes had
a substantially higher BMI than nondia-
betic women during adult life and at age
18 years. Women with type 2 diabetes
also had a somewhat higher waist-to-hip
ratio, were less physically active, drank
considerably less alcohol, and were less

likely to use postmenopausal hormones
than nondiabetic women (Table 1).

The age-adjusted hazard ratio (HR)
for developing invasive breast cancer was
1.11(95% C10.96—-1.28) for women with
type 2 diabetes compared with nondia-
betic women (Table 2). After adjustment
for potential confounders, family history
of breast cancer, a history of benign breast
disease, height, BMI at age 18 years, cur-
rent BMI, age at menarche, parity, age at
first child’s birth, menopausal status, age
at menopause, postmenopausal hormone
use, physical activity, and alcohol con-
sumption, the association between a his-
tory of type 2 diabetes and the risk of
invasive breast cancer was somewhat
strengthened and was modest but signif-
icant (HR = 1.17; 95% CI 1.01-1.35).
BMI at age 18 years and current BMI were
entered into the regression model as con-
tinuous variables to provide the most
complete control for confounding by obe-
sity possible given the observed data.
Both diabetes and obesity were indepen-
dently related to breast cancer in this
model. The slight increase in the HR after
adjustment for covariates was due to neg-
ative confounding by a number of vari-
ables, in particular menopausal status,
age at menopause, and alcohol consump-
tion. This negative confounding was
stronger than the positive confounding by
current BMI. A model adjusting for all co-
variates except current BMI resulted in an
HR = 1.23 (95% CI 1.07-1.42). Adjust-
ing for all covariates, including current
BMI, but not for the menopausal variables
(menopausal status, age at menopause,
and postmenopausal hormone use) pro-
duced an HR for the association of diabe-
tes and breast cancer of 1.13 (95% CI
0.98-1.31). A model, fully adjusted ex-
cept for alcohol consumption, resulted in
an HR = 1.15 (95% C1 0.99-1.33).

Additional adjustment for waist-to-
hip ratio did not materially alter the esti-

Table 2—History of type 2 diabetes and HRs of invasive breast cancer among 116,488 par-
ticipants of the Nurses’ Health Study, 1976-1998

No diabetes Type 2 diabetes

Breast cancer cases (n)
Person-years

Age-adjusted HR (95% CI)
Covariate-adjusted HR (95% CD)*

5,403 202
2,306,664 59,171

1.00 1.11 (0.96-1.28)

1.00 1.17 (1.01-1.35)

*Hazard ratios and 95% Cl adjusted for age, family history of breast cancer, history of benign breast disease,
height, BMI at age 18 years, current BMI, age at menarche, parity, age at first child’s birth, menopausal status,
age at menopause, use of postmenopausal hormones, physical activity, and alcohol consumption.
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Table 3—History of type 2 diabetes and HRs of invasive breast cancer subtypes among participants of the Nurses’ Health Study, 1976-1998

No diabetes

Type 2 diabetes

Covariate-
Breast cancer Person- Breast cancer Person- Age-adjusted HR adjusted HR
Breast cancer cases (n) years HR cases (n) years (95% CD (95% CD*
Estrogen receptor—positive 2,794 2,308,935 1.0 121 59,240 1.16 (0.97-1.40) 1.22 (1.01-1.47)
breast cancert
Estrogen receptor—negative 957 2,309,088 1.0 32 59,304 1.06 (0.74-1.51) 1.13(0.79-1.62)
breast cancert
Fatal breast cancer 1,054 2,351,547 1.0 46 61,333 1.13 (0.84-1.52) 0.98 (0.72-1.32)

*HR and 95% Cl adjusted for age, family history of breast cancer, history of benign breast disease, height, BMI at age 18 years, current BMI, age at menarche, parity,
age at first child’s birth, menopausal status, age at menopause, use of postmenopausal hormones, physical activity, and alcohol consumption; freceptor status was

not known for all breast cancer cases.

mate (HR = 1.16; 95% CI 1.00-1.34).
Because data on waist-to-hip ratio were
not available at baseline and not available
for a considerable number of participants
during follow-up, results are presented
without considering waist-to-hip ratio.
The association between type 2 diabe-
tes and breast cancer was significant
among women with estrogen receptor—
positive tumors but not among women
with estrogen receptor-negative tumors
(Table 3). There were, however, fewer

cases in the latter group. There was no
association between a history of diabetes
and fatal breast cancer (Table 3).

The association between type 2 diabe-
tes and breast cancer incidence was not
appreciably modified by BMI (Table 4).
Among premenopausal women, breast
cancer risk was slightly lower for diabetic
than nondiabetic women, but numbers
were small. The positive association be-
tween type 2 diabetes and breast cancer
was restricted to postmenopausal women

and was independent of their BMI (Table
4). There was no statistically significant
interaction between type 2 diabetes and
menopausal status (test for interaction,
P =0.16). The association between type 2
diabetes and breast cancer incidence was
not substantially modified by a family his-
tory of breast cancer or the use of insulin
or other diabetes medication. Similarly,
restricting the analysis to women who
never used postmenopausal hormones or
to women who ever had a mammogram

Table 4—History of type 2 diabetes and HRs of invasive breast cancer among different subgroups of the Nurses’ Health Study, 1976-1998

No diabetes

Type 2 diabetes

Breast Breast Covariate-
cancer Person- cancer Person- Age-adjusted HR adjusted HR (95%
Stratum cases (n) years cases (n) years (95% CD* CD*f
BMI (kg/m?)
<25 3,050 1,389,224 36 10,577 1.19 (0.86-1.66) 1.23 (0.88-1.71)
25-29.9 1,601 613,230 67 19,504 1.05(0.82-1.34) 1.11 (0.86-1.42)
=30 750 302,670 99 29,064 1.12 (0.90-1.39) 1.18 (0.94-1.46)
Premenopausal¥ 1,455 872,564 14 8,274 0.70 (0.41-1.19) 0.83 (0.48-1.41)
BMI <30 1,305 772,757 6 3,816 0.66 (0.29-1.47) 0.70 (0.31-1.58)
BMI =30 150 99,807 8 4,458 0.85(0.39-1.85) 0.88 (0.40-1.96)
Postmenopausal ¥ 3,391 1,126,133 171 45,015 1.13(0.97-1.32) 1.16 (0.98-1.36)
BMI <30 2,862 960,999 89 23,564 1.13 (0.91-1.39) 1.15 (0.93-1.43)
BMI =30 528 164,542 82 21,431 1.11 (0.87-1.41) 1.17 (0.91-1.49)
Postmenopausal, never used 1,065 379,188 64 16,755 1.21 (0.93-1.56) 1.16 (0.89-1.51)
postmenopausal hormones
Use of diabetes medication§
Yes — — 171 50,783 1.08 (0.93-1.27) 1.15 (0.99-1.35)1
No 5,403 2,306,651 31 8,400 1.24 (0.87-1.76) 1.21 (0.85-1.73)1
Family history of breast cancer
Yes 1,079 299,885 40 8,181 1.06 (0.76-1.46) 1.16 (0.83-1.62)
No 4,322 2,005,240 162 50,964 1.11 (0.95-1.31) 1.17 (0.99-1.37)
Ever mammogram 4314 1,748,894 162 44,937 1.08 (0.92-1.26) 1.16 (0.99-1.37)

*The reference group for calculation of each HR is the women without diabetes in the same stratum for the given covariates; tHR and 95% Cl adjusted for age, family
history of breast cancer, history of benign breast disease, height, BMI at age 18 years, current BMI, age at menarche, parity, age at first child’s birth, menopausal status,
age at menopause, use of postmenopausal hormones, physical activity, and alcohol consumption; information on menopausal status was not available for all
participants; §includes insulin and sulfonylureas; 9additionally adjusted for duration of diabetes.
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Type 2 diabetes and breast cancer

Table 5—VYears since diagnosis of type 2 diabetes and HRs of invasive breast cancer among

participants of the Nurses’ Health Study

Years since Covariate-
diagnosis of Breast cancer Person- Age-adjusted HR adjusted HR
diabetes cases (n) years (95% CI) (95% CD*
No diabetes 5,403 2,306,664 1.00 1.00

=5 years 89 24,696 1.22 (0.99-1.51) 1.27 (1.02-1.57)
5.1-10 years 48 15,645 1.02 (0.77-1.36) 1.09 (0.82-1.46)
10.1-15 years 39 9,519 1.31 (0.95-1.80) 1.39 (1.01-1.91)
15.1-20 years 16 5,169 0.94 (0.58-1.54) 1.00 (0.61-1.63)
>20 years 10 4,154 0.66 (0.35-1.22) 0.69 (0.37-1.29)
P for trend 0.69 0.33

*Hazard ratios and 95% Cl adjusted for age, family history of breast cancer, history of benign breast disease,
height, BMI at age 18 years, current BMI, age at menarche, parity, age at first child’s birth, menopausal status,
age at menopause, use of postmenopausal hormones, physical activity, and alcohol consumption.

did not appreciably change the observed
association.

There was no consistent relation be-
tween duration of diabetes and breast
cancer incidence (Table 5). The hazard
for breast cancer was slightly higher
among women who were diagnosed with
diabetes between 10 and 15 years before a
diagnosis of breast cancer than for women
who had diabetes for <10 years or >15
years. Women who had diabetes for <20
years had a lower HR for breast cancer
than women with no diabetes, but there
were few cases in this group. The relation
between duration of diabetes and subse-
quent breast cancer risk was similar when
the analysis was restricted to postmeno-
pausal women (data not shown).

CONCLUSIONS — These data from
the Nurses’ Health Study indicate that
women with type 2 diabetes have a
slightly but significantly higher risk of de-
veloping breast cancer than women with
no diabetes. The elevated risk was appar-
ent among postmenopausal women but
not among premenopausal women. Al-
though the association between type 2 di-
abetes and breast cancer did not appear to
be explained by adiposity, residual con-
founding by adiposity is likely. We con-
trolled for obesity in our analyses as well
as possible, but measurement error in
self-reported weight precludes achieving
complete control of confounding by
adiposity.

As early as 1885, hyperglycemia was
described in patients with cancer (19). In
the early 1920s, Warburg (20) demon-
strated that tumor slices sustained higher
rates of glucose utilization and lactic acid
production than normal tissue sections.

Women with breast cancer were noted
decades ago to have higher rates of diabe-
tes than women with benign breast dis-
ease or healthy women (21-23). Of the
systematic prospective and case-control
studies that followed, some reported ele-
vated risk ratios for breast cancer among
women with type 2 diabetes (24-27), but
other studies indicated no association
(28-36). Most studies, however, were
limited in size and therefore underpow-
ered to reveal a modest association. Fur-
thermore, only two studies (35,36)
accounted for general and/or central obe-
sity, which is associated with both type 2
diabetes and breast cancer. Weiss et al.
(35), in a large population-based case-
control study in the U.S., found no signif-
icant association between a history of
adult-onset diabetes and risk of breast
cancer after adjusting for BMI (odds ra-
tio = 1.13; 95% CI 0.7-1.90). The lowa
Women’s Study did not reveal an overall
association between type 2 diabetes and
breast cancer incidence, adjusting for
both BMI and waist-to-hip ratio (36).

The data from the Nurses’ Health
Study provide the largest population with
the longest follow-up in which the asso-
ciation between diabetes and breast can-
cer has been studied. Our findings of a
modest association are consistent with
several previous reports of a slightly ele-
vated risk (21-27,29,33). Most previous
studies, however, did not have sufficient
power to provide stable estimates.

We found the modest association be-
tween diabetes and breast cancer to be
largely independent of self-reported adi-
posity and body fat distribution. We at-
tempted to adjust for confounding by
obesity as closely as possible using the ob-

served data on weight and height by en-
tering height, BMI at age 18 years, and
current BMI as continuous variables into
the regression model (37). Neither cur-
rent adiposity nor central obesity ap-
peared to be an important confounder of
the diabetes—breast cancer association.
Central obesity, which is an even stronger
predictor of insulin resistance and type 2
diabetes than BMI, has been found to in-
crease breast cancer risk among both pre-
and postmenopausal women (38).

In the Nurses’ Health Study, the asso-
ciation between type 2 diabetes and breast
cancer was only apparent among post-
menopausal women. Our finding that the
risk for breast cancer was nonsignificantly
lower in premenopausal women with
diabetes than in nondiabetic women par-
allels the observation that obese pre-
menopausal women have a lower risk of
breast cancer than women of normal
weight (39). Whereas in postmenopausal
women estrogen synthesis takes place in
adipose tissue, in premenopausal women
estrogen synthesis is primarily gonadal
and obesity is associated with reduced en-
dogenous estrogens (40). Insulin may el-
evate free plasma estrogen levels through
SHBG inhibition (5-7), which may be
particularly relevant in women with low
estrogen levels, e.g., postmenopausal
women with no exogenous estrogen
replacement.

We could not confirm any effect
modification of the association between
diabetes and breast cancer by a family his-
tory of breast cancer, as was reported
from the Towa Women’s Health Study co-
hort (41). In that analysis, however, the
only confounders considered were BMI
and waist-to-hip ratio (41).

It is possible that women who are di-
agnosed with diabetes are more likely to
be screened for breast cancer. We exam-
ined a possible detection bias by restrict-
ing our cohort to women who received
mammography screening. The estimates
remained unchanged.

Given the misclassification and con-
founding inherent in an observational
study, we have to consider the possibility
that the observed association was a result
of such biases. Furthermore, waist-to-hip
ratio measurements were not available for
the entire cohort, and thus, our final re-
sults were not adjusted for central obesity.
Generally, however, associations in our
data were strengthened by adjustment for
potential confounders, indicating that the
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true association was more likely under-
rather than overestimated. Nevertheless,
residual or unmeasured confounding has
to be considered as a possible explanation
for the modest increase in risk observed.
One-third or more of persons with diabe-
tes go undetected in the population and
are therefore misclassified as nondiabetic
(42). Diagnostic criteria for diabetes
changed after the women included in this
analysis were diagnosed, and some
women classified as free of type 2 diabetes
would be classified as having type 2 dia-
betes under the new criteria (17). A re-
duction in nondifferential misclassification
would strengthen the association between
diabetes and breast cancer observed.

Between 1990 and 1998, the preva-
lence of diagnosed diabetes increased by
33% in the U.S.(43), reflecting the rapid
increase in the prevalence of obesity (44).
This phenomenon may have an impact on
possible late induction of tumorigenesis
and on tumor growth. In 1998, the total
number of U.S. adults who suffered from
diabetes was estimated at 16 million (43).
Thus, even a slight increase in breast can-
cer risk in women with diabetes would be
of public health concern. If hyperinsulin-
emia plays a role in breast cancer patho-
genesis, interventions that improve
insulin sensitivity such as exercise and di-
etary modifications may be expected to
lower associated breast cancer incidence
(45), but this assumption requires further
study.
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