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Abstract Gestational diabetes is becoming increasingly
common; it is important to determine how it relates to
future risk of disease. We investigated the relation of
gestational diabetes to breast cancer in 37,926 women who
had one or more live births in 1964-1976 for whom
information had been collected on complications of preg-
nancy. In this cohort there were 1,626 cases of breast
cancer reported to the Israel Cancer Registry before Janu-
ary 1, 2005 and 410 cases of gestational diabetes recorded
from birth records. There were 29 cases of breast cancer
among women diagnosed with gestational diabetes. Using
Cox proportional hazards models to control for age and
birth order at the first observed birth and other character-
istics, we found that the incidence of breast cancer was
increased among women diagnosed with gestational
diabetes (relative rate = 1.5, 95% confidence interval
1.0-2.1). This effect was seen only among women 50 years
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and older (relative rate 1.7, 95% confidence interval
1.1-2.5) but not among women <50 (relative rate = 1.0,
95% confidence interval 0.5-2.1). The findings suggest that
gestational diabetes may be an important early marker of
breast cancer risk among post-menopausal women, but
these results need to be confirmed in future studies.

Keywords Gestational diabetes - Breast cancer -
Diabetes - Jerusalem Perinatal Study

Background

During pregnancy women become progressively more
insulin resistant because of an increase in weight and
release of placental hormones [1]. Most women secrete
enough insulin to compensate for the increased resistance
though some do not and develop gestational diabetes.
Common risk factors for gestational diabetes include
family history of diabetes in a first degree relative, obesity
and ethnicity [1]. In the U.S., the prevalence of gestational
diabetes is approximately 7% [2] though it varies by ethnic
group. It is more common among African-Americans,
Hispanics and Native Americans than among non-Hispanic
Whites [3-6]. The prevalence of gestational diabetes
appears to be increasing [7, 8]. Other than an increased risk
of Type 2 diabetes in the mother, the health sequelae of
gestational diabetes are largely unknown [2].

Though Type 2 diabetes has been frequently studied as a
risk factor for breast cancer (reviewed in Wolf, 2005 [9]),
few studies have examined gestational diabetes and breast
cancer [10, 11]. We investigated the relation between
gestational diabetes and breast cancer in a large prospective
cohort study of parents and their offspring born in
1964-1976.
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Methods

We made use of an ongoing cohort study based on off-
spring born in Jerusalem in 1964—1976 and their parents,
with follow up of all until the present. The study has been
previously described [12, 13]. Briefly, in 1964-1976, the
Jerusalem Perinatal Study surveyed all 92,408 births in a
defined geographic area. Data on obstetric information
were copied from the labor ward log at the time of birth
using separate rubrics in the printed forms which allowed
for a record of maternal ‘‘diabetes’’ (presumed to be
insulin-dependent juvenile diabetes) and ‘‘pre-diabetes’’,
corresponding, approximately, to gestational diabetes. In
that era, pregnant women were screened for glycosuria at
each antenatal visit; if found positive they would be
referred for an oral glucose tolerance test. The present
analysis focuses on the mothers of 84,781 offspring born in
the three largest obstetric units in which active surveillance
of maternal and obstetric conditions took place.

Using the national identity (ID) numbers that are
assigned to citizens of Israel, 40,898 women (94.2%) were
successfully traced in 2005 and vital status determined
through linkage with Israel’s National Population Registry.
The traced ID numbers were then linked to the Israel
Cancer Registry, which ascertains cancer cases through
active surveillance of all pathology departments, hospital
admissions and death certificates. This registry, established
in 1961, is considered to be 94.2% complete for breast
cancer [14]. Names, ID numbers and other identifying
information were removed from the file which was ana-
lyzed collaboratively in New York and Jerusalem. The
study was approved by the Institutional Review Boards at
both Columbia University in New York and Hadassah-
Hebrew University Hospital in Jerusalem

Statistical analyses

Included in the analysis are all first, primary in-situ and
invasive breast cancers as defined by the International
Classification of Diseases for Oncology, 3rd edition diag-
nosed through December 31, 2004 (ICD-O C50; fifth digit
morphology codes 2 and 3). We used Cox proportional
hazards models to estimate the relative rate (hazard ratio)
of breast cancer in mothers with and without gestational
diabetes in any pregnancy during the study period (1964—
1976) using the PHREG procedure available in SAS 9.0
(SAS Institute Inc, Cary, North Carolina). Proportional
hazards assumptions were tested using log-negative log
plots and by testing each variable as a time-dependent
variable constructed from its product with the length of
follow-up. Women were followed from date of the first
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observed birth in 1964—-1976 until death, date of diagnosis
of any cancer or until the end of follow-up December 31,
2004. Since proportional hazard assumptions were not met
based on the log-negative log plots, we examined whether
there were differences in risk associated with gestational
diabetes based on age of diagnosis of breast cancer (<50
and >50) to approximate menopausal age [15]. Unless
otherwise stated categories of missing data in other vari-
ables (most affected less than 1% of women) were included
in the referent category. Other variables considered for
inclusion in the model were a series of binary variables
(coded as 1 if present versus O if absent) for other birth
complications such as preeclampsia, congenital malfor-
mations in any observed birth, at least one high birth
weight (4,000+ g) or low birth weight (<2,500 g) offspring
in any observed birth, social class (based on husband’s
occupation), religion (Jewish, non-Jewish), education
( < 8 years, >8 years), ethnic origin based on the woman’s
father’s place of birth (Israel, other West Asia, North
Africa and Europe (includes the Americas, sub-Saharan
Africa, New Zealand and Australia)); there was no infor-
mation on place of birth for the woman’s mother. There
were 1,584 women with missing information on education,
however these women were similar to women who re-
ceived < 8 years of education and were therefore included
in that group. Models were constructed to include con-
founders (>10% change in the estimate of relative rate) and
those characteristics, which were significantly associated
with breast cancer. Since confounding by these variables
was minimal, only those characteristics that were signifi-
cantly associated with breast cancer risk were included in
the final models. The results are presented as relative rates
(RR) with 95% confidence intervals.

Numbers and exclusions

Of the 40,898 women traced, 37,980 (92.9%) gave birth in
one of the three hospitals where information was obtained
on diabetes. Untraced women were similar in age at first
observed birth, more often unmarried and more likely to be
of European ancestry. Among women who were success-
fully traced, the incidence of breast cancer was not sig-
nificantly related to hospital of birth. The prevalence of a
diagnosis of gestational diabetes in any observed birth was
0.4% in the untraced women, compared to 1.0% among
women who were traced. We excluded 41 women diag-
nosed with cancer prior to their first observed birth in the
study. Another 13 women who were diagnosed with ges-
tational diabetes in one observed pregnancy and with Type
1 diabetes in another were excluded; among these women
there was one case of diagnosed breast cancer.
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Results

Of the 37,926 women who were both successfully traced
and had delivered in one of the three major hospitals, 410
were diagnosed with gestational diabetes in one or more
pregnancies in 1964-1976. By December 31, 2004 the
median length of follow-up was 34 years and the median
age of the surviving women in the cohort was 59 (range
43-94). There were 1,506 women diagnosed with invasive
breast cancer, and 120 with in-situ disease. The median age
at diagnosis was 52 (range 23-76). The 5-year survival rate
of the cases was 81.8%.

Table 1 compares the characteristics of women with and
without gestational diabetes. Those with gestational dia-
betes were older at entrance into the study, more likely to
be of European origin and middle social class than women
without diabetes. Pregnancy complications such as pre-
eclampsia were also more common among women with
gestational diabetes. Women with gestational diabetes were
more likely to have given birth to low and high birth weight
offspring and to have offspring with congenital malfor-
mations.

Characteristics of the cohort that were significantly
associated with breast cancer are shown in Table 2.
Women of North African and other West Asian ancestry
were at reduced risk of breast cancer compared to those of
European ancestry. Women born in Israel were 40% more
likely to develop breast cancer than immigrant women.
Compared to women in the highest social class, women in
the lowest social class were at reduced risk of breast can-
cer. As would be expected, higher parity (4 or more births
compared to 1 birth) at first observed birth was associated
with a greatly reduced risk of breast cancer.

Table 3 shows an estimate of the relative rate of breast
cancer in women who were diagnosed with gestational
diabetes compared with other women. Breast cancer was
increased one and half times after gestational diabetes
(relative rate (RR) 1.5, 95% confidence interval (CI)
1.0-2.1). Adjusting for birth order at first observed birth
and other variables did not appreciably alter the crude
estimate.

Table 4 compares estimates of the relative rate of breast
cancer before and after age 50 to approximate menopausal
status. Women diagnosed with gestational diabetes showed
a marked increase in risk after age 50 (RR 1.7, 95% CI
1.1-2.5), but were not at increased risk of breast cancer
before that age. We also examined age 50 as a time-
dependent variable and had similar results (data not
shown). We were unable to determine in these data whe-
ther the effect was truly an age effect or a latency effect.
Inclusion of the thirteen women excluded because they
were diagnosed with both gestational diabetes and insulin
dependent diabetes did not alter the results. There were no

cases of in-situ disease among women with gestational
diabetes. For invasive breast cancer the RR associated with
gestational diabetes was 1.6 (95% CI 1.1-2.4) adjusted for
age and birth order at first observed pregnancy, ethnic
origin, social class, education and immigration status.

Discussion

This study found that the incidence of breast cancer was
moderately higher in women who had gestational diabetes
in any observed birth. This effect was seen among women
diagnosed with breast cancer aged 50 years and older but
not among women diagnosed before age 50. Two other
studies have investigated the effects of gestational diabetes
or glucose intolerance during pregnancy and risk of breast
cancer [10, 11]. In a small prospective study measures of
glucose intolerance were assessed among women without
known diabetes in relation to breast cancer risk. The risk of
breast cancer was increased across all quartiles of fasting
plasma glucose levels relative to the lowest quartile [10].
An earlier study, which investigated gestational diabetes
and breast cancer found that there was a slight non-sig-
nificant decrease in risk <5 years since the last pregnancy,
while there was a small non-significant increase in risk
more than 5 years after the last pregnancy [11]. We could
not compare our finding of a relation between gestational
diabetes and the risk of breast cancer among older women
but not younger women to these studies, as the results were
not stratified by menopausal status [10, 11].

The mechanism by which gestational diabetes leads to
an increased incidence of breast cancer in this study is not
clear. Gestational diabetes is often accompanied by a beta-
cell defect leading to an insufficient insulin response to
serum glucose levels, resulting in hyperglycemia [1].
Hyperglycemia causes increased oxidative stress and
results in the generation of reactive oxygen species (ROS)
[16]. It has been reported that individuals with insulin and
non-insulin dependent diabetes generate more ROS and
had greater oxidative damage to DNA than controls [17]
which might result in mutations to DNA repair genes,
oncogenes and others.

A diagnosis of gestational diabetes may be an early
marker of risk for breast cancer since the conversion rate of
gestational diabetes to Type 2 diabetes ranges from 2.6% to
70%, depending on the length of follow-up [18]. Diabetes
has been linked to an increased risk of breast cancer in
some [19-24] but not all studies [25-28]. The effect seen
here among older women but not younger women might
plausibly be related to the increased prevalence of Type 2
diabetes among older compared to younger women. In
several studies, which examined diabetes and risk of breast
cancer and considered the effects by age or menopausal
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Table 1 Percent distribution of

women with and without a Characteristics Gestational Diabetes P-value
history of gestational diabetes — +
by selected characteristics
Number of women 37,516 410
Percent 100.0 100.0
Age at first observed birth
<25 47.2 324 <0.0001
25-29 28.0 29.3
30-34 14.5 234
35+ 10.3 14.9
Birth order at first observed birth
1 62.6 60.0 0.5
2-3 21.7 21.5
4+ 16.7 18.5
Birth place of woman
Born in Israel 46.8 47.8 0.7
Born abroad 53.2 52.2
Ethnic ancestry
Israel 14.6 11.5 0.05
Other West Asia 28.3 27.6
North Africa 21.5 19.5
Europe Etc. 355 41.4
Social class
Low 30.8 25.6 0.03
Middle 37.2 427
High 32.0 31.7
Education (years)
<8 33.7 34.2 0.8
>8 66.3 65.9
Preeclampsia
No 97.2 87.8 <0.0001
Yes 2.8 12.2
Offspring 24000 g at birth
No 88.7 73.7 <0.0001
Yes 11.3 26.3
Offspring <2500 g at birth
No 89.0 80.0 <0.0001
Yes 11.0 20.0
Offspring with congenital malformations
No 92.5 88.3 0.001
Yes 7.5 11.7

status it was found that the diabetes was associated with an
increased risk of breast cancer among older women but not
younger women [19-21, 24].

Several pathways have been proposed by which Type 2
diabetes might lead to development of breast cancer. In
response to increased insulin resistance associated with
diabetes, hyperinsulimia may result [29]. Insulin receptors
are present in both normal and tumor breast tissue; the
binding of insulin to its receptors initiates a cascade of
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mechanisms, which promote cell cycle progression in
breast cancer cells [9]. Hyperinsulemia is also associated
with low levels of sex hormone binding globulin (SHBG),
which leads to an increase in the bioavailability of estradiol
[9]. Insulin at high levels binds to the insulin-like growth
factor I (IGF1) receptor [30] and down-regulates the IGF
binding protein 1, (IGFBP1) [31], thus the amount of
bioavailable IGF-1 could increase. Other conditions and
disorders that are associated with insulin resistance include
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Table 2 The association
between selected characteristics

and breast cancer risk — (n = 36,300) + (n = 1,626)

Characteristic Breast Cancer Age adj. RR 95% CI P-value

Birthplace of woman

Born Abroad 19,360 809 1

Born in Israel 16,940 817 1.4 1.2-1.5 <0.0001
Ethnic origin

Europe 12,855 649 1

Israel 5,294 245 0.9 0.8-1.0 0.1

Other West Asia 10,277 464 0.8 0.7-0.9 0.0001

North Africa 7,874 268 0.6 0.5-0.7 <0.0001
Social class

High 11,575 575 1

Middle 13,511 611 0.9 0.8-1.0 0.03

Low 11,214 440 0.6 0.6-0.7 <0.0001
Education (years)

<8 12,292 482 1

>8 24,008 1,144 1.7 1.5-1.9 <0.0001
Birth order at first observed birth

1 (ref) 22,727 895 1

2-3 7,504 492 1.0 0.9-1.1 0.8

4+ 6,069 239 0.4 0.3-0.5 <0.0001

Table 3 The association between gestational diabetes and breast cancer adjusted for age and other variables

Gestational diabetes Breast cancer Age-adjusted RR 95% CI RR?* 95% CI RR® 95% CI P-value
- +

- 35,919 1,597 1 1 1

+ 381 29 1.6 1.1-2.3 1.5 1.0-2.1 1.5 1.0-2.1 0.03

Adjusted for age and birth order at a first observed birth

Adjusted for age and birth order at first observed birth, social class, ethnic origin, education and immigration status

Table 4 The association between gestational diabetes and breast cancer by age

Age at diagnosis Gestational diabetes Breast cancer® RR" 95% CI P-value
- +
<50 - 36,879 637 1
+ 403 7 1.0 0.5-2.1 1
=50 - 33,591 960 1
+ 374 22 1.7 1.1-2.5 0.01

* For women <50 who developed cancer, the term for breast cancer in the model was set to zero for women 50 years and older when calculating
the relative rate of breast cancer after a diagnosis of gestational diabetes therefore the total sample remains 37,926. For women =50, women who
were diagnosed with cancer prior to age 50 or were <50 at the end of follow-up or death were deleted which is why the total sample size for that
stratum is only 34, 947

b Adjusted for age and birth order at first observed birth, social class, ethnic origin, education and immigration status

the metabolic syndrome and obesity [32]. Obesity, partic- follow-up and complete obstetric history on all births. The
ularly central obesity [33] and postmenopausal weight gain ~ data on gestational diabetes were taken from medical re-
[34] have also been linked to risk of breast cancer. cords and the data on breast cancer were derived from a
Advantages of our study were its prospective design, long  national registry; neither ascertainment could be biased vis-
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a-vis the other. Furthermore, the association was unaltered
in analyses that considered social class, religion, ethnicity,
or immigration status, or by the offsprings’ sex, birth
weight, presence of malformations and other obstetrical
complications. We also did not have information on height
and weight at different time points and were therefore
unable to consider prepregnant BMI or BMI at age of
diagnosis or end of follow-up.

Unlike many studies of diabetes, we were able to dis-
tinguish between women with Type 1 diabetes and those
with gestational diabetes; however, we do not have an
exact definition of diabetes and modern criteria for gesta-
tional diabetes mellitus were not applied in that era. It is
possible that some women with gestational diabetes were
negative for glycosuria test and were then not screened
further with an oral glucose tolerance test. Therefore
women could have been misdiagnosed as having normal
glucose tolerance. Women could also have been misclas-
sified if they were diagnosed with gestational diabetes in a
pregnancy before 1964 or after 1976. In both instances, we
would expect that misclassification by exposure status to be
non-differential and bias our results to the null.

Gestational diabetes is a complicated disorder that
confers an increased risk of diabetes in both the mother and
offspring. Though our results need to be confirmed in
future studies, the results suggest that gestational diabetes
is an early marker of risk for breast cancer among older
women. Since the prevalence of gestational diabetes is
increasing [7, 8] it is important to clarify its relation to the
risk of breast cancer.
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