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Abstract

Purpose Excess circulating insulin may contribute to
endometrial cancer (EC) development; studies suggest
increased risk of EC associated with type 2 diabetes. We
investigated whether gestational diabetes is associated with
increased risk of EC and its precursor, endometrial
hyperplasia (EH).

Methods We conducted a population-based, case—control
study of women in Washington State. Cases were women
with a hospital discharge record indicating the presence of
EH/EC who could be linked to a prior delivery hospital-
ization or birth record from 1987 to 2013 (n = 593).
Controls were randomly selected from remaining deliver-
ies, frequency matched 10:1 on delivery year and maternal
age at delivery (n = 5,743). Logistic regression was used
to estimate odds ratios (ORs) and 95% confidence intervals
(ClIs).

Results After adjustment for race/ethnicity, maternal age
at delivery, and delivery year, EH/EC was associated with
a history of gestational diabetes (OR 1.73, 95% CI
1.27-2.35). This association was present for both EH and
EC (OR 1.61, 95% CI 1.00-2.60 and OR 1.80, 95% CI
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1.22-2.65, respectively). After adjustment for prepreg-
nancy body mass index, the OR for EH/EC was attenuated
and became statistically non-significant (OR 1.22, 95% CI
0.87-1.72), except in women <50 years old at the time of
case ascertainment (OR 1.49, 95% CI 1.00-2.20). Associ-
ations were slightly stronger for EC than EH.
Conclusions We observed an association between EH/EC
and a history of gestational diabetes specific to younger
women. Future studies focusing on the relationships
between gestational diabetes, obesity, and EC, including
age at diagnosis, are warranted.

Keywords Case—control study - Endometrial cancer -
Endometrial hyperplasia - Gestational diabetes mellitus -
Pregnancy - Body mass index

Introduction

Endometrial cancer (EC), the most common gynecologic
malignancy in the US, has an incidence of 25 cases per
100,000 woman-years [1]. Endometrial hyperplasia (EH) is
a neoplastic proliferation of cells that results in EC pre-
cursor lesions. The main biological mechanism leading to
development of EH/EC is thought to be prolonged exces-
sive estrogen exposure, which stimulates growth of the
endometrium [2]. Factors that increase risk of EC include
high body mass index (BMI), anovulation, nulliparity, and
use of exogenous estrogens unopposed by progestin,
whereas tobacco use decreases risk [3-6]. Incidence is
typically greater in non-Hispanic whites than other racial/
ethnic groups [7]. Some studies reported a positive asso-
ciation between type 1 diabetes mellitus (T1DM) and/or
type 2 diabetes mellitus (T2DM) and EC after accounting
for BMI [8-15], although others found no association
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[16-20]. Additional studies suggest the association
between TIDM/T2DM and EC is specific to obese women
[21-23]. A proposed mechanism is the hyperinsulinemia
pathway, in which excess circulating insulin stimulates the
overgrowth of cells in the endometrium, leading to EH/EC
[24, 25].

GDM is a disease of relative insulin resistance in
pregnancy and a recognized risk factor for development of
T2DM later in life [26, 27]. GDM affects 6% of preg-
nancies in the US [28], with increasing prevalence in recent
years, following the rise in obesity [29]. Risk factors for
GDM include obesity, advanced maternal age, and Amer-
ican Indian/Alaska Native, Asian, Pacific Islander, or
Hispanic race/ethnicity [29, 30].

We sought to estimate the association between GDM
and EH/EC by comparing the history of GDM in all
women identified with EH/EC in Washington State popu-
lation-based records and a randomly selected control group
of parous women. We hypothesized an increased risk of
EH/EC among women with GDM.

Methods
Data collection

We conducted a population-based, case-control study of
the association between EH/EC and a history of GDM
among parous women. This analysis was considered
exempt from formal Institutional Review Board review
because the data were de-identified.

Potential cases were all parous women with a diagnostic
code for EH/EC from an inpatient hospitalization at a non-
federal hospital in Washington State from 1987 to 2013.
We restricted to women with complex hyperplasia without
atypia (International Classification of Diseases, Ninth
Revision, Clinical Modification, ICD-9-CM, 621.32),
endometrial hyperplasia with atypia (either simple or
complex, 621.33), endometrial hyperplasia, unspecified
(621.30), endometrial intraepithelial neoplasia (621.35), or
endometrial cancer (182.0). The relatively mild findings of
benign endometrial hyperplasia (ICD-9-CM 621.34) or
simple hyperplasia without atypia (621.31) were not
included, as most of these women are managed medically
and have a low rate of progression to EC [31]. Cases were
restricted to women whose hospitalization record could be
linked to a prior live birth or fetal death record, not
including those occurring at federal hospitals, from 1987 to
2013. Fetal death is defined as death of the fetus at
>20 weeks gestation [32]. If a case had multiple deliveries
over the study period, we selected their most recent
delivery. Exclusion criteria for all subjects included
pregestational diabetes (T1DM or T2DM), missing GDM
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information, and delivery prior to 29 weeks gestation, as
standard screening for GDM occurs between 24 and
28 weeks (Fig. 1). Additionally, for subjects missing ges-
tational age we restricted to those with birth weight >2,000
g, as infants of this size are very rarely <29 weeks gesta-
tion. These measures were ascertained from the birth/fetal
death record. Cases were excluded if the EH/EC diagnosis
was recorded at the time of delivery. Ninety-seven percent
of cases were linked to both a birth/fetal death record and a
hospital discharge record at the time of delivery, while the
remaining 3% were linked only to a birth/fetal death
record.

Controls were randomly selected (control:case ratio of
10:1) from all other women with delivery records from
1987 to 2013, frequency matched by year of delivery and
maternal age at delivery in 5-year categories (15-19,
20-24, 25-29, 30-34, 35-39, 40-44, >45). If a control
mother had more than one delivery over the study period,
the most recent delivery was used for consistency with case
selection. Additionally, controls who delivered at a federal
hospital were excluded to match methods for case selec-
tion, which inherently excluded subjects with deliveries at
federal hospitals (Fig. 1). Controls with a procedure code
for hysterectomy at the time of delivery (ICD-9-CM 68.0,
68.3x—68.9x) were also excluded, as they were not at risk
for EH/EC after this procedure. Ninety-one percent of
controls had a birth/fetal death record linked to a hospital
discharge record at delivery; 9% only had birth/fetal death
record information.

We initially identified 657 cases and 6,570 controls.
After exclusions (Fig. 1), analyses included 593 cases (253
EH and 340 EC) and 5,743 controls.

Measures

Subjects were defined as exposed to GDM if the GDM
checkbox on the birth record was marked or an ICD-9-CM
diagnostic code for GDM (648.8x) was listed in the hos-
pital discharge record. For the 3% of cases and 9% of
controls who were not linked to a hospital discharge record
at the time of delivery, the birth record alone determined
GDM status. Although we did not have data on GDM
testing procedures, the American College of Obstetricians
and Gynecologists recommended a 2-part screening pro-
cedure for GDM during the study period, consisting of a
1-h, 50 g, screening oral glucose challenge test, which, if
abnormal (>140 mg/dL. serum blood glucose), was fol-
lowed by a fasting, 3-h, 100 g, diagnostic oral glucose
tolerance test. Abnormal findings at two or more time
points from the second test (fasting: >95 mg/dL serum
blood glucose, 1-h: >180 mg/dL, 2-h: >155 mg/dL, 3-h:
>140 mg/dL) resulted in a GDM diagnosis [33]. We
included women who initiated prenatal care after
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Fig. 1 Case and control selection and exclusion process. EH endometrial hyperplasia: ICD-9-CM 621.30, 621.32, 621.33, 621.35, EC
endometrial cancer: ICD-9-CM 182.0, WA Washington State, GDM gestational diabetes mellitus

28 weeks, even though they missed the standard GDM
screening window, because they had the opportunity for
GDM diagnosis during a later prenatal visit or on presen-
tation to the hospital in labor. Gestational age at delivery
was calculated from last menstrual period. Where dis-
crepancies of two or more weeks existed between gesta-
tional age calculated from last menstrual period and
gestational age estimated by a clinician, comparisons were
made with birth weight of the infant to assess whether the
calculated or estimated value for gestational weeks was
most plausible. For women who did not have information
on last menstrual period but had a clinical estimate of
gestational age, the latter was used.

We assessed select variables in EH/EC cases at the time
of ascertainment, including age, time since delivery,
T2DM, and obesity. T2DM at this time was defined as an
ICD-9-CM diagnostic code of diabetes mellitus (250.xx,
excluding codes of 250.x1 or 250.x3, which indicate Type I
diabetes). Obesity at the time of EH/EC ascertainment was
defined as an ICD-9-CM diagnostic code for obesity,
unspecified (278.00), morbid obesity (278.01), or obesity
hypoventilation syndrome (278.03).

Data analysis

We calculated odds ratios (ORs) with 95% confidence
intervals (CIs) using unconditional multivariable logistic
regression, adjusting for the frequency matching variables
(delivery year and maternal age at delivery) based on an a

priori hypothesis of confounding. Variables assessed as
potential data-driven confounders included parity (0, 1, 2,
>3 births prior to the index birth), maternal race/ethnicity
(Asian/Pacific Islander, non-Hispanic white, and other),
smoking during pregnancy (yes or no), prepregnancy BMI
(continuous, in kg/m?), and multiple gestation (singleton or
multiples), as well as education (<12, 12, >13 years) and
health insurance (private, Medicaid/Medicare, other) as
proxies for socioeconomic status. Confounding was defined
as a substantial change from the crude OR of approxi-
mately 10% or greater in the presence of an association
between the potential confounder and the exposure, as well
as the outcome. This approach has been found to be sen-
sitive in identifying confounding factors in epidemiologic
studies [34-37]. Using these criteria, race/ethnicity and
prepregnancy BMI were identified as additional con-
founders. We also separately evaluated the potentially
different associations of EH and EC with GDM.

We conducted an exploratory analysis of effect measure
modification by BMI (categorized as normal or under-
weight: <25.0 kg/m?; overweight: >25.0 to <30.0 kg/m?;
or obese: >30.0 kg/m?) through consideration of a Wald
test of the interaction terms and comparison of stratum-
specific ORs. Additionally, we conducted an exploratory
analysis stratifying by age at EH/EC ascertainment (cate-
gorized as <50 years old or >50 years old), as cases
occurring at a younger age are more likely to have a strong
genetic predisposition to cancer [38]. This analysis asses-
sed the association of different types of EH/EC with GDM,
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not effect measure modification by a third factor, so we did
not conduct a test of interaction.

We used multiple imputation by chained equations to
generate values for missing data in covariates, a method
described by Azur, et al. [39]. Certain variables were not
added to the Washington State birth record until 1992
(prepregnancy weight, maternal education) and 2003
(prepregnancy BMI), and incomplete reporting was
prevalent even in years when the variables were included in
the birth record (Table 1). Missing values were imputed for
prepregnancy BMI, prepregnancy weight, pregnancy
weight gain, maternal education, and median income (by
census tract) using linear models, smoking during preg-
nancy using a logistic model, maternal race/ethnicity, small
for gestational age (<10th percentile birth weight for ges-
tational age), and insurance status using nominal logistic
models, and parity using an ordinal logistic model. These
variables were used in addition to GDM, EH/EC, year of
delivery, maternal age at delivery, and multiple gestation,
which had complete data after exclusions, to estimate
values via multiple imputation. We assumed data were
missing at random, after conditioning on the variables
included in the models [40]. We completed 20 imputations
to account for the between-imputation aspect of variability
[41].

All analyses were conducted in Stata (version 13.0;
StataCorp, College Station, TX). Missing data were
imputed using the MI IMPUTE function, and final
regression coefficients and confidence intervals were
computed from logistic regression models using the
imputed datasets with the MI ESTIMATE function.

Results

Characteristics of cases and controls at the time of delivery
were similar with respect to maternal age at delivery,
insurance status, education, parity, and gestational age
(Table 1). Cases were more likely than controls to be non-
Hispanic white, to not have smoked during pregnancy, and
to be obese. Cases were more likely to have a history of
GDM than controls (8.8 and 5.6%, respectively; Table 3).

The median age of cases at the time of EH/EC ascer-
tainment was 47, with a median of 14 years between
delivery and ascertainment (interquartile  range:
10-18 years; Table 2). At the time of EH/EC ascertain-
ment, 10.8% percent of cases had an ICD-9-CM diagnostic
code for T2DM. Among EH/EC cases with a history of
GDM, 40.4% had an ICD-9-CM diagnostic code for T2DM
by the time of EH/EC ascertainment, and of those without
GDM, 8.0% had a code. At the time of EH/EC ascertain-
ment, 23.1% of cases had an ICD-9-CM diagnostic code
for obesity. Among EH/EC cases with a history of GDM,
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25.0% had an ICD-9-CM diagnostic code for obesity at the
time of EH/EC ascertainment, and of those without a his-
tory of GDM, 22.9% had a code.

We observed an association between EH/EC and a his-
tory of GDM in our analysis adjusting for race/ethnicity,
maternal age at delivery, and year of delivery using the
imputed datasets (OR 1.73, 95% CI 1.27-2.35; Table 3).
However, after additional adjustment for prepregnancy
BMI, the association between EH/EC and a history of
GDM was attenuated and the confidence interval included
one (OR 1.22, 95% CI 0.87-1.72). We observed slightly
stronger associations for EC than EH.

The associations of our outcomes with GDM were
similar across BMI categories, although the confidence
intervals were wide, likely due to small numbers (Table 4).
The Wald test for interaction was statistically non-signifi-
cant. The association of EH/EC with GDM was greater
among women <50 years old at the time of EH/EC
ascertainment (OR 2.14, 95% CI 1.49-3.08) than in women
>50 years old (OR 1.10, 95% CI 0.62-1.95), and this
association in younger women was statistically significant
even after adjustment for BMI (OR 149, 95% CI
1.00-2.20). We lacked sufficient numbers to assess asso-
ciations by BMI or age of cases separately for EH and EC.

Discussion

We observed that women with EH/EC were more likely to
have a history of GDM than women without EH/EC, with
stronger associations observed in younger women than
older women and for EC than EH. However, these positive
associations between EH/EC and GDM were attenuated
and became statistically non-significant after adjustment
for prepregnancy BMI, except in younger cases. Results
were similar when stratified by BMI category. To our
knowledge, there are currently no other studies of the
association between GDM and EC; our results before
stratification by age at case ascertainment were consistent
with a previous study of T2DM and EC, which found that
any evidence of an association was primarily due to con-
founding by BMI [16]. Three meta-analyses found positive
associations between T2DM and EC [42—44], but BMI was
handled inconsistently: some of the studies in the meta-
analyses did not account for it, others controlled for it,
some considered it an effect measure modifier, assessing
associations stratified by obesity status, and some only
controlled for prepregnancy weight. Our observation of a
stronger association with GDM in younger EH/EC cases
was consistent with a previous study of T2DM in EC cases
[45], but potentially inconsistent with a study suggesting a
stronger association with T2DM in older EH cases [46].
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Table 1 Characteristics of women at time of delivery with or without endometrial hyperplasia or cancer
Characteristics EH/EC cases Controls
n (%) n (%)

Maternal age at delivery (years)

<25 51 (8.6) 439 (7.6)

25-34 330 (55.7) 3,137 (54.6)

35-39 145 (24.5) 1,533 (26.7)

>40 67 (11.3) 634 (11.0)
Maternal race/ethnicity

White, non-Hispanic 499 (86.3) 4,568 (81.7)

Black, non-Hispanic 6 (1.0) 163 (2.9)

American Indian/Alaska Native 7(1.2) 86 (1.5)

Asian 32 (5.5) 399 (7.1)

Native Hawaiian/other Pacific Islander 6 (1.0) 13 (0.2)

Hispanic 27 (4.7) 360 (6.4)
Maternal education (years)

<12 37 (11.2) 337 (10.5)

12 84 (25.4) 839 (26.2)

>13 210 (63.4) 2,031 (63.3)
Insurance status®

Private 452 (78.5) 3,925 (74.5)

Medicaid/Medicare 102 (17.7) 1,093 (20.7)

Self-pay 10 (1.7) 164 (3.1)

Other 12 (2.1) 90 (1.7)
Parity®

0 129 (22.1) 1,270 (22.5)

1 218 (37.3) 2,141 (37.9)

2 124 (21.2) 1,221 (21.6)

>3 114 (19.5) 1,017 (18.0)
Multiple gestation

Singleton 573 (96.6) 5,602 (97.5)

Twins or triplets 20 3.4) 141 (2.5)
Gestational age (weeks)

29-36 54 (9.3) 488 (8.7)

37-40 401 (69.0) 3,877 (69.0)

>41 126 (21.7) 1,255 (22.3)
Smoking during pregnancy

Yes 64 (11.2) 830 (15.0)

No 510 (88.9) 4,695 (85.0)
Prepregnancy weight

<150 100 (35.7) 1,611 (58.2)

150-199 103 (36.8) 872 (31.5)

>200 77 (27.5) 286 (10.3)
Body mass index (median, standard deviation)

Normal weight/underweight 13 (28.9) 247 (48.6)

Overweight 10 (22.2) 129 (25.4)

Obese 22 (48.9) 132 (26.0)

Numbers may not add to total due to missing data. Percent missing data: maternal race/ethnicity (2.7%), maternal education (44.2%, added to the
birth record in 1992), insurance (7.7%), parity (1.6%), gestational age (2.1%), smoking (3.7%), prepregnancy weight (51.9%), body mass index

(91.3%, added to the birth record in 2003)
EH, endometrial hyperplasia: ICD-9-CM 621.30, 621.32, 621.33, 621.35; EC, endometrial cancer: ICD-9-CM 182.0

* Medicaid/Medicare includes charity payer; private includes Indian Health Service

" Parity: number of live births prior to the index birth
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Table 2 Characteristics of
cases at the time of EH/EC
ascertainment

Characteristics EH/EC EH EC
n =593 n = 253 n = 340
n (%) n (%) n (%)
Age at case ascertainment (years)
Median (interquartile range) 47 (41-51) 46 (40-50) 48 (43-52)
<50 years old 384 (64.8) 178 (70.4) 206 (60.6)
>50 years old 209 (35.2) 75 (29.6) 134 (39.4)
Years between delivery and case ascertainment
Median (interquartile range) 14 (10-18) 14 (10-18) 14 (9-19)
T2DM 64 (10.8) 24 (9.5) 40 (11.8)
Among women with a history of GDM 21 (40.4) 10 (50.0) 11 (34.4)
Among women without a history of GDM 43 (8.0) 14 (6.0) 29 (9.4)
Obesity 137 (23.1) 53 (21.0) 84 (24.7)
Among women with a history of GDM 13 (25.0) 4 (20.0) 9 (28.1)
Among women without a history of GDM 124 (22.9) 49 (21.0) 75 (24.4)

GDM gestational diabetes mellitus, EH endometrial hyperplasia: ICD-9-CM 621.30, 621.32, 621.33,
621.35, EC endometrial cancer: ICD-9-CM 182.0, 72DM type 2 diabetes mellitus: ICD-9-CM 250,
excluding codes of 250.x1 or 250.x3, which indicate Type I diabetes; obesity: ICD-9-CM 278.00, 278.01,

278.03

This table presents results from the non-imputed dataset

Our study is strengthened by the population-based
design. GDM was ascertained from administrative health
records, so it is not affected by recall bias. A previous study
in Washington State reported that GDM had a sensitivity of
93.3% and specificity of 99.1% when it was defined as a
diagnosis in either the delivery hospitalization or birth
record, using the medical record as the “gold standard”
[47]. Additionally, we likely captured most EC cases that
occurred in Washington State, as cases routinely undergo
hysterectomy in inpatient settings, and we utilized diag-
nostic codes from inpatient hospital discharge records.

Another strength of our study is that we were able to
investigate development of T2DM among our -cases,
observing that 11% of cases also had an ICD-9-CM diag-
nostic code for T2DM at the time of case ascertainment.
We believe the coding of T2DM was relatively sensitive,
given that it is well recognized as an important comor-
bidity, and other studies have observed similar prevalence,
with 9-12% of EH/EC cases having T2DM [8, 11, 16, 46].
Because T2DM at the time of EH/EC ascertainment
occurred after GDM exposure, failure to adjust for it in our
analyses did not lead to bias in our risk estimates. We also
do not see T2DM as a true mediator, as GDM is not
thought to cause T2DM, but is rather an earlier marker of
underlying dysfunction in glucose metabolism [48].

Obesity is known to be the strongest non-genetic risk
factor for EH/EC [2]. We were able to investigate obesity
at the time of EH/EC ascertainment, observing that twenty-
three percent of cases had an ICD-9-CM diagnostic code
for obesity at this time. Although we believe the coding of
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obesity to have high specificity, it may have lower sensi-
tivity, as, until recently, it was less likely to be seen as a
true “disease” or billable condition. Previous literature
supports the hypothesis that we underestimated prevalence
of obesity at the time of case ascertainment, with estimates
of obesity in EH/EC cases ranging from 28 to 51%
[8, 11, 16, 46]. As with T2DM at the time of case ascer-
tainment, obesity at this time point could not be a con-
founder, so its exclusion from the models did not lead to
biased risk estimates.

However, the lack of complete data on obesity/BMI
prior to pregnancy is a considerable limitation of our study,
as we were unable to fully explore and address potential
confounding and/or effect measure modification by this
factor. We partially addressed this limitation through our
use of multiple imputation to estimate missing data.
Although potential non-differential misclassification of the
imputed variables could have led to residual confounding
by BMI, this method is superior to the most common
approach to handling missing data, a complete case anal-
ysis. In the commonly used approach, the data are assumed
to be “missing completely at random,” which means that
the distributions of the missing and non-missing values are
similar even without adjustment for observed variables
[40, 49]. Alternatively, multiple imputation only requires
the assumption that the data are “missing at random,”
meaning there can be systematic differences between the
observed and missing values, as long as they are accounted
for by observed variables included in the models. There-
fore, given a set amount of missing data, the complete case
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Table 3 Association between endometrial hyperplasia or cancer and a history of gestational diabetes

Imputed datasets

Adjusted” OR (95% CI) Adjusted® OR (95% CI)

n Non-imputed dataset
GDM % Adjusted® OR (95% CI)
Controls 5,743 5.6 1.00 (ref)
EH/EC 593 8.8 1.62 (1.17-2.23)
EH 253 7.9 1.49 (0.90-2.45)
EC 340 9.4 1.70 (1.14-2.55)

1.00 (ref)

1.73 (1.27-2.35)
1.61 (1.00-2.60)
1.80 (1.22-2.65)

1.00 (ref)

1.22 (0.87-1.72)
1.10 (0.66-1.82)
1.30 (0.85-1.98)

GDM gestational diabetes mellitus, EH endometrial hyperplasia: ICD-9-CM 621.30, 621.32, 621.33, 621.35, EC endometrial cancer: ICD-9-CM

182.0, OR odds ratio, CI confidence interval

Statistically significant results are presented in bolded font

? Adjusted for race/ethnicity, year of delivery, and maternal age at delivery

° Adjusted for race/ethnicity, year of delivery, maternal age at delivery, and body mass index

Table 4 Exploratory analysis
of the association between

Adjustedb OR (95% CI) Adjusted® OR (95% CI)

endometrial hyperplasia or
cancer and a history of
gestational diabetes by age at
case ascertainment and
prepregnancy body mass index

Obese (>30.0 kg/m?)

p value for interaction®

Younger cases (<50 years old at ascertainment)
Older cases (>50 years old at ascertainment)®
Normal and underweight (<25.0 kg/mz)
Overweight (>25.0-<30.0 kg/mz)

2.14 (1.49-3.08)
1.10 (0.62-1.95)
1.23 (0.46-3.26)
1.42 (0.67-3.01)
1.22 (0.72-2.06)
0.95

1.49 (1.00-2.20)
0.83 (0.45-1.52)

OR odds ratio, CI confidence interval

Statistically significant results are presented in bolded font

These analyses were conducted using the imputed datasets and are for endometrial hyperplasia (ICD-9-CM
621.30, 621.32, 621.33, 621.35) and cancer (ICD-9-CM 182.0) combined

# This analysis was assessing the association of GDM with different types of EH/EC (cases occurring at a
younger age are more likely to have a strong genetic predisposition to cancer), not effect measure modi-
fication by a third factor like body mass index, so we did not conduct a test of interaction

® Adjusted for race/ethnicity, year of delivery, and maternal age at delivery

¢ Adjusted for race/ethnicity, year of delivery, maternal age at delivery, and body mass index

4 Calculated using a Wald test

approach is more prone to bias due to incorrect assump-
tions than the multiple imputation approach used in our
study.

Another potential limitation of this study design is that
controls were ascertained at the time of delivery, and we
did not have follow-up records to confirm continued
Washington State residency. However, the incidence rates
of EH and EC are low [1, 50], and we would expect few
controls to truly be cases who were misclassified because
they had no record of an EH/EC diagnosis in our data (due
to moving out of Washington State).

A third limitation is that EH cases were not fully ascer-
tained, as studies report only 50-80% of women with atyp-
ical EH undergo hysterectomy as primary or secondary
treatment, and the more common, less severe complex
hyperplasia is often treated pharmacologically or with out-
patient procedures [31, 50]. We captured some portion of

these women through inpatient hospital records for evalua-
tion of symptoms, such as abnormal uterine bleeding [51].

We did not know whether women had GDM in a pre-
vious pregnancy and therefore could not assess whether a
history of multiple GDM-affected pregnancies was asso-
ciated with a greater risk of EH/EC than a single GDM-
affected pregnancy. In addition to prepregnancy BMI, we
lacked information on other potential confounders,
specifically hormonal contraceptive use and physical
activity prior to pregnancy.

Due to the limited span between exposure and outcome
(26-year maximum), our cases were younger than typical
EH/EC cases. Our EC cases had a median age at case
ascertainment of 48, as compared with 62 in the US as a
whole [52]. Younger age at onset of EC is more often
attributed to a genetic cancer predisposition, such as Lynch
Syndrome [38], and we had no information about genetic
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characteristics. Previous literature reported that 9% of EC
cases <50 years old and 4% of EC cases <60 years old,
respectively, have Lynch syndrome [38]. Contrary to our
hypothesis that a preponderance of Lynch syndrome in
younger cases, as compared with older, would lead to an
underestimation of risk associated with GDM in the former
group [53], we actually observed greater risk in younger
women.

It is biologically plausible that GDM may be an earlier
marker than T2DM of insulinopathy that leads to EH/EC.
Excess circulating insulin may increase endometrial pro-
liferation, and thus EH/EC risk, both directly by attaching
to insulin receptors on the endometrial cells [25] and
indirectly by lowering sex hormone binding globulin con-
centrations, thereby raising concentrations of serum estro-
gen, associated with proliferative endometrium [54]. The
circulating level of an insulin-sensitizing hormone, adipo-
nectin, is associated with obesity, T2DM, and endometrial
cancer, and may play a role in the association between
GDM and EH/EC [55]. Our findings in older women may
indicate that the effect of GDM on insulin and adiponectin
is too small to increase the risk of EH/EC, or that GDM is
associated with increased EH/EC risk, but not strongly
enough to detect with the precision of our study. It is
possible that altered glucose metabolism has a greater
effect on endometrial neoplastic changes in younger, pre-
menopausal women, for whom we found a significant
association even after adjustment for BMI, than older,
postmenopausal women.

There is evidence that use of insulin may increase risk of
endometrial cancer in non-pregnant populations with
T1DM [56] through the described pathway of excess cir-
culating insulin stimulating endometrial proliferation. We
did not have diabetes treatment information. However,
treatment is in the causal pathway between incidence of
GDM and EH/EC, so its absence from our models did not
bias the findings.

Our study may have important clinical implications for
EH/EC prevention if there is truly an association between
EH/EC and GDM. Women with a history of GDM who are
considering contraceptive options could be recommended
to use a progestin-containing intrauterine device, if
appropriate given other considerations. These devices have
been shown to decrease risk of endometrial cancer in
individuals without endometrial proliferation [57] and
regress endometrial hyperplasia in those with proliferation
[58], in addition to their contraceptive function. In this
way, GDM could serve as an early marker of risk that
provides an opportunity for EH/EC prevention in some
women.

Future research should investigate the relationship
between GDM and EH/EC in larger populations with an
EH/EC case distribution typical of the general population

@ Springer

and complete information on BMI, as well as contraceptive
use and physical activity, prior to pregnancy. In addition,
assessing the role of multiple GDM-affected pregnancies,
GDM treatment, age at EH/EC diagnosis, and obesity and
T2DM development after pregnancy may help elucidate
mechanisms of the association. Information on insulin
resistance during pregnancy may be even more important
than a diagnosis of GDM.

In our study of this novel hypothesis, women with EH/
EC were more likely to have a history of GDM, but after
adjustment for BMI this association was only observed in
younger women. As rates of obesity and T2DM increase in
the US and abroad, EC rates are also anticipated to increase
[59]. There is an urgency to identify additional early and
modifiable risk factors for EC if we are to prevent the
associated morbidity and mortality [27].
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