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Abstract
Aims/hypothesis The objective of this study was to investigate the association between laparoscopically confirmed endometri-
osis and risk of type 2 diabetes.
Methods We used data from the Nurses’ Health Study II, a prospective cohort of female nurses followed for >25 years (N =
112,037). We used Cox proportional hazards models to estimate the HRs and 95% CIs of incident, confirmed type 2 diabetes
(n = 8496 participants) adjusted a priori for confounding factors. We additionally investigated differences in the relationship
between endometriosis and type 2 diabetes by age (<50 or ≥50 years), BMI (<30 or ≥30 kg/m2), infertility history, menopausal
status and history of gestational diabetes mellitus (GDM; restricted to parous women).
Results We saw no association between laparoscopically confirmed endometriosis and risk of type 2 diabetes in multivariable
confounder-adjusted models (HR 1.06 [95%CI 0.98, 1.13]) or models accounting for potential mediating factors (HR 0.94 [95%
CI 0.87, 1.00]). However, we observed modest differences in the association between endometriosis and type 2 diabetes by BMI
group, history of infertility and history of GDM. Among non-obese women (HR 1.17 [95% CI 1.02, 1.35]), women who never
experienced infertility (HR 1.14 [95% CI 1.04, 1.25]) and women who never experienced GDM (HR 1.11 [95% CI 1.01, 1.22]),
endometriosis was associated with greater risk of type 2 diabetes.
Conclusions/interpretation Overall, women with endometriosis were not at increased risk of type 2 diabetes. However, among
subgroups at low risk for type 2 diabetes (i.e. non-obese women and women with no prior history of infertility or GDM),
endometriosis was associated with a modest increased risk of type 2 diabetes.
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Introduction

Endometriosis is a chronic, inflammatory, oestrogen-dependent
disease characterised by the presence of endometrial-like tissue
outside the uterus, mainly within the peritoneal cavity [1]. It
affects ~10% of women in their reproductive years, translating
to 176 million women worldwide, and is associated with pelvic
pain and infertility [2]. Research suggests an association
between endometriosis and the subsequent development of
other chronic cardiometabolic conditions [3, 4]. Prior research
has suggested that women with endometriosis may be at greater
risk of hypertension [5], hypercholesterolaemia [5–8] and
subclinical atherosclerosis [9]. Additionally, prior research
from the Nurses’Health Study II (NHSII) observed that women
with endometriosis had a 60% higher risk of CVD (myocardial
infarction, angiographically confirmed angina or coronary
artery bypass graft), with the highest risk among young women
(≤50 years old) [10].

Endometriosis may influence type 2 diabetes risk through a
variety of mechanisms. Women with endometriosis have a
hyperinflammatorymilieu both locally (in the peritoneal cavity)
and systemically [11, 12]. Research has found that several
inflammatory markers are elevated [13] in women with endo-
metriosis, including intracellular adhesion molecule 1, C-
reactive protein, IL-1, IL-6, TNF-α and vascular endothelial
growth factor [14, 15]. Additionally, endometriosis status is
correlated with decreased levels of adiponectin [16] and
increased levels of leptin [17] compared with women without
the disease, although these findings have been inconsistent [18].

Understanding the relationship between endometriosis and
type 2 diabetes is critical to public health, given the increasing
prevalence of type 2 diabetes. Currently, 9.4% of the U.S.

population is diagnosed with type 2 diabetes [19]. Prior
research suggests that there may be an association between
laparoscopically confirmed endometriosis diagnosis and risk
of gestational diabetes, and that the riskmay vary by history of
infertility [20, 21]. Thus, we propose to investigate the rela-
tionship between endometriosis and risk of type 2 diabetes in
the NHSII, a prospective cohort with detailed information on
laparoscopically confirmed endometriosis history, incident
diabetes diagnoses and potential confounding and modifying
factors. Additionally, given previously observed effect modi-
fication for relationships with endometriosis by age/
menopausal status [1, 10], infertility history [21, 22] and body
size [23, 24], and an established relationship between obesity
and history of gestational diabetes with type 2 diabetes, we
will investigate whether the association between endometri-
osis and risk of type 2 diabetes differs when stratified by age,
menopausal status, infertility history, BMI and history of
gestational diabetes.

Methods

Study populationTheNHSII is an ongoing prospective cohort
of 116,429 female registered nurses who were 25–42 years of
age at enrolment in 1989. At baseline in 1989 and every
2 years thereafter, participants completed self-administered
questionnaires to capture detailed information on a variety of
lifestyle and reproductive characteristics, and to update health-
related outcomes. Cumulative follow-up of the cohort is
>90%. Of the 116,429 women initially enrolled in the
Nurses’ Health Study, women who reported a diagnosis of
diabetes (type 1 or type 2), stroke or myocardial infarction,
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or who received a coronary artery bypass graft, prior to
June 1989 when the cohort began were excluded from our
analysis. This left 112,037 women followed from 1989 until
return of the final follow-up questionnaire (by June 2017)
available for the present study. The NHSII protocol was
approved by the Institutional Review Board of the Partners
Health Care System, Boston, MA, USA and participants gave
informed consent.

Endometriosis diagnosis Women were asked on each biennial
questionnaire from 1993 onwards whether they had physician-
diagnosed endometriosis. Participants who responded ‘yes’
indicated the year of diagnosis and whether it had been
confirmed by laparoscopy, the clinical gold standard for endo-
metriosis diagnosis [25–27]. Self-reported endometriosis was
validated among a random subgroup of NHSII participants
(n = 200). For women whose medical records were available,
a diagnosis of endometriosis was confirmed in 96% of women
reporting laparoscopically confirmed endometriosis, but in only
54% of women without laparoscopic confirmation [28].
Because of the potential for misclassification by women with
self-reported endometriosis without laparoscopic confirmation,
we restricted our endometriosis definition to laparoscopically
confirmed endometriosis. Endometriosis diagnosis status was
treated as time-varying and updated over time. Once a woman
reported laparoscopically confirmed endometriosis, she was
considered to have exposure to a history of endometriosis
through the remainder of follow-up. At baseline in 1989,
5242 women had a history of endometriosis diagnosis and
7061 women were diagnosed with endometriosis after cohort
enrolment in 1989.

Type 2 diabetes Type 2 diabetes diagnoses were ascertained
on the biennial questionnaire based on self-reported physician
diagnosis. Women who responded positively were sent a
supplemental questionnaire and cases were confirmed if they
met the National Diabetes Data Group classification [29]: at
least one classic symptom (excessive thirst, polyuria, uninten-
tional weight loss or hunger) and a fasting plasma glucose
concentration of ≥7.8 mmol/l (140 mg/dl) or random plasma
glucose concentration of ≥11.1 mmol/l (200 mg/dl); no symp-
toms but at least a twofold elevation in plasma glucose
concentration on more than one occasion (fasting plasma
glucose ≥7.8 mmol/l, random plasma glucose ≥11.1 mmol/l
or 2 h OGTT of ≥11.1 mmol/l); or glucose-lowering medica-
tion use (insulin or oral glucose-lowering agent). In 1998, the
diagnostic criteria changed to adopt a new diagnostic thresh-
old for fasting plasma glucose of ≥7.0 mmol/l (126 mg/dl)
[30]. The similar Nurses’ Health Study cohort found high
accuracy comparing this validation technique against medical
records (98%) [31]. At the end of follow-up, there were 8496
incident cases of type 2 diabetes across 2,691,401 person-
years of follow-up.

Covariate dataOn the 1989 baseline questionnaire, participants
reported a number of characteristics including their height,
current weight, weight at age 18, physical activity, smoking
history, age at menarche, oral contraceptive (OC) use, parity
(number of pregnancies lasting ≥6months), history of infertility
(>12months trying to conceive without success), family history

Table 1 Age-standardised characteristics of the NHSII study popula-
tion at baseline, in 1989, by laparoscopically confirmed endometriosis
diagnosis

Characteristic Confirmed endometriosis

Yes (n=5242) No (n = 106,795)

Age, yearsa 36.0 (4.2) 34.7 (4.7)
BMI at 18 years old (kg/m2), %
<18.5 19 15
18.5–<22.5 61 61
22.5–<25 13 14
≥25 8 11

BMI at baseline kg/m2, %
<18.5 4 3
18.5–<22.5 45 44
22.5–<25 23 22
25–<30 19 19
≥30 9 12

Age at menarche, years, %
≤11 years old 29 24
12–13 years old 56 58
14+ years old 15 18

History of infertility
Yes, % 54 17

OC status, %
Never 11 17
Past 80 70
Current 10 13

Smoking status, %
Never 65 66
Past 21 21
Current 14 13

Cumulative average physical activity (met-h/week), %
0–<3 18 18
3–<9 27 27
9–<18 26 25
18–<27 16 16
27+ 13 14

Race/ethnicity, %
White, non-Hispanic 94 93
Other race/ethnicity 6 7

History of hypercholesterolaemia
Yes, % 13 10

History of hypertension
Yes, % 6 5

Family history of diabetesb

Yes, % 18 17
History of gestational diabetes
Yes, % 3 3

Values are means (SD) for continuous variables; percentages for categor-
ical variables; and are standardised to the age distribution of the study
population

Values of polytomous variables may not sum to 100% because of
rounding
a Value is not age-adjusted
bNHSII questionnaires do not specify type of diabetes in family members
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of diabetes, physician-diagnosed type 2 diabetes, physician-
diagnosed CVD, physician-diagnosed cancer, physician-
diagnosed elevated cholesterol, physician-diagnosed elevated
BP, physician-diagnosed gestational diabetes, menopausal
status, history of bilateral oophorectomy, and their race and
ethnicity. Information on race and ethnicity was asked for in
1989 and 2005; if missing (~1.6%), information was imputed
based on geocoded location for reporting to the National
Institutes of Health. All time-varying characteristics were
updated every 2–4 years. For each covariate in our multivari-
able models we outline below our approach to handlingmissing
data, the frequency of missingness and whether the missing
indicator was associated with the outcome. Overall missingness
for covariates was minimal (<1% for most variables). Broadly,
for covariates withmissing data, data were carried forward from
previous questionnaires if available and a missing indicator
variable was created, where appropriate.

Statistical analyses Person-months at risk were calculated
from entry into the cohort in 1989 until confirmation of: (1)
death; (2) type 2 diabetes diagnosis; or (3) their last returned
questionnaire, whichever came first. To account for possible
confounding by age, all variables presented in Table 1 (aside
from age) were standardised to the age distribution of the
study population. Cox proportional hazards models stratified
by calendar time (years) with age (months) as the time
metameter were used to calculate the HRs and 95% CIs of
incident type 2 diabetes diagnosis (model 1). The proportional
hazards assumptions were tested using the likelihood-ratio test
comparing a model with and without an interaction term for
time, and they were met. Known a priori potential
confounders for endometriosis and type 2 diabetes were
adjusted for [32], with time-varying covariates updated bien-
nially at every questionnaire cycle (model 2): BMI at age 18
(kg/m2) (<18.5, 18.5–<22.5, 22.5–<25, 25–<30, 30–<35, 35–
<40 or 40+; missing indicator created; cumulative per cent
missing: 0.99%, p = 0.84 for missing indicator associated with
type 2 diabetes), current BMI (<18.5, 18.5–<22.5, 22.5–<25,
25–<30, 30–<35, 35–<40, 40+; missing indicator created;
0.17%, p < 0.01), age at menarche (≤11, 12–13, ≥14 years

old; missing indicator created; 0.33%, p = 0.93), history of
infertility (yes or no; missing indicator created; no individual
missing information across every questionnaire; p = 0.91), OC
status history (never, past or current; missing indicator creat-
ed; <0.1%, p = 0.81), smoking history (never, past or current;
missing indicator created; <0.1%, p = 0.60), physical activity
(0–<3 metabolic equivalent-hours/week, 3–<9, 9–<18, 18–
<27, ≥27; missing indicator created; <0.1%, p = 0.92) and
race/ethnicity (white or non-white). Multivariable model 3
additionally adjusted for known clinical risk factors for type 2
diabetes that maybe considered mediators [33] and may be on
the causal pathway between endometriosis and risk of type 2
diabetes: history of hypercholesterolaemia (yes or no; based on
questionnaire structure missingness cannot be quantified),
history of hypertension (yes or no; based on questionnaire
structure missingness cannot be quantified), family history of
diabetes (yes or no; based on questionnaire structure
missingness cannot be quantified), history of gestational diabe-
tes (yes or no; based on questionnaire structure missingness
cannot be quantified), menopausal status (premenopausal, post-
menopausal or perimenopausal/unsure; missing indicator creat-
ed; no individual missing information across every question-
naire, p = 0.50) and history of bilateral oophorectomy (yes or
no; missing indicator created; no individual missing informa-
tion across every questionnaire, p = 0.09).

Given effect modification by age and infertility history
observed in prior analyses of endometriosis, and established
risk for type 2 diabetes by obesity and gestational diabetes, we
assessed heterogeneity by potential effect modifiers, including
current age (<50 or ≥50 years old) (based on mean age at
menopause for women [34]), menopausal status (pre- or post-
menopausal), BMI (<30 or ≥30 kg/m2), history of infertility
(yes or no) and history of gestational diabetes (yes or no;
analyses restricted to parous women). These categorisations
were time-varying and women contributed person-time to the
appropriate strata given their status over follow-up.
Likelihood-ratio tests were used to test for statistically signif-
icant differences among groups on the multiplicative scale.
This was done by comparing multivariable adjusted models
(model 2) with and without an interaction term.

Table 2 Laparoscopically
confirmed endometriosis diagno-
sis in relation to risk of type 2
diabetes in the NHSII

Endometriosis Cases/person-
years

HR of incident type 2 diabetes (95% CI)

Model 1 Model 2 Model 3

No 7543/2,448,284 1.0 (referent) 1.0 (referent) 1.0 (referent)

Yes 953/243,117 1.11 (1.04, 1.19) 1.06 (0.98, 1.13) 0.94 (0.87, 1.00)

Model 1: adjusted for age (months) and calendar time

Model 2: additionally adjusted for BMI at age 18, BMI current, age at menarche, history of infertility, OC use
history, smoking history, physical activity and race

Model 3: additionally adjusted for history of elevated cholesterol, history of hypertension, family history of
diabetes, history of gestational diabetes, menopausal status and history of bilateral oophorectomy
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Several additional a priori sensitivity analyses were conduct-
ed to investigate the magnitude of potential biases: (1) to inves-
tigate the possible role of selection bias, we excluded prevalent
endometriosis diagnosed before cohort enrolment (1989); (2) to

address the potential diagnostic delay between endometriosis
symptom onset and surgical diagnosis [35, 36], the reported
diagnostic date of endometriosis was pre-dated by 4, 6 and
8 years in sensitivity analyses to investigate the effect of this

Table 3 Laparoscopically
confirmed endometriosis
in relation to type 2
diabetes risk in the NHSII
stratified by age, meno-
pausal status, BMI, history
of infertility and history of
gestational diabetes

Endometriosis Cases/person-years HR for incident type 2 diabetes (95% CI) p valuec

Model 1a Model 2b

Stratified by age

<50 years old

No 3261/1,575,674 1.0 (referent) 1.0 (referent)

Yes 352/133,918 1.08 (0.97, 1.21) 1.09 (0.97, 1.22) 0.59

≥50 years old

No 4282/872,611 1.0 (referent) 1.0 (referent)

Yes 601/109,199 1.13 (1.04, 1.23) 1.06 (0.97, 1.15)

Stratified by menopausal status

Premenopausal

No 3330/1,607,710 1.0 (referent) 1.0 (referent)

Yes 204/100,320 0.93 (0.81, 1.07) 1.07 (0.92, 1.23) 0.42

Postmenopausal

No 3602/730,315 1.0 (referent) 1.0 (referent)

Yes 677/128,436 1.11 (1.02, 1.21) 1.08 (0.99, 1.18)

Stratified by BMI

<30 kg/m2

No 1635/1,702,054 1.0 (referent) 1.0 (referent)

Yes 245/168,105 1.31 (1.14, 1.50) 1.17 (1.02, 1.35) 0.01

≥30 kg/m2

No 4940/452,048 1.0 (referent) 1.0 (referent)

Yes 579/48,084 1.02 (0.93, 1.11) 1.00 (0.91, 1.09)

Stratified by history of infertility

No infertility

No 5531/1,939,493 1.0 (referent) 1.0 (referent)

Yes 503/115,809 1.26 (1.15, 1.38) 1.14 (1.04, 1.25) 0.02

Infertile

No 2012/508,791 1.0 (referent) 1.0 (referent)

Yes 450/127,308 0.86 (0.77, 0.95) 0.98 (0.89, 1.09)

Stratified by history of gestational diabetesd

No history of gestational diabetes

No 4587/1,659,468 1.0 (referent) 1.0 (referent)

Yes 527/134,447 1.23 (1.13, 1.35) 1.11 (1.01, 1.22) 0.02

History of gestational diabetes

No 829/80,765 1.0 (referent) 1.0 (referent)

Yes 86/8131 0.96 (0.75, 1.20) 0.93 (0.73, 1.19)

aModel 1: adjusted for age (months) and calendar time
bModel 2: additionally adjusted for BMI at age 18, BMI current, age at menarche, history of infertility, OC use history,
smoking history, physical activity, race and bilateral oophorectomy (analyses stratified by BMI and infertility)
c p value, likelihood-ratio test for heterogeneity between groups
dAnalyses restricted to parous women
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temporal misclassification of exposure; (3) in sensitivity analy-
ses for our exposure definition, we expanded our endometriosis
definition to include disease diagnoses with and without lapa-
roscopic confirmation; and (4) in sensitivity analyses for our
type 2 diabetes, we restricted to type 2 diabetes diagnosed
during screening, not based on symptoms.

Results

At cohort baseline in 1989, women with laparoscopically
confirmed endometriosis were less likely to be overweight at
age 18 (BMI ≥25: 8% vs 11%), were less likely to be obese in
1989 (BMI ≥30: 9% vs 12%) and were more likely to experi-
ence a younger age at menarche (≤11: 29% vs 24%) compared
with women without endometriosis (Table 1). Women with
endometriosis were more likely to report a history of infertility
(54% vs 17%) and to be past or current OC users (90% vs
83%) compared with women without endometriosis. There
were no meaningful differences between women with and
without endometriosis in history of hypertension (6% vs
5%), history of hypercholesterolaemia (13% vs 10%) or fami-
ly history of type 2 diabetes (18% vs 17%) at baseline.

In age and calendar time-adjusted models, women with a
history of laparoscopically confirmed endometriosis had a
modest risk of type 2 diabetes (HR 1.11 [95% CI 1.04,
1.19]) compared with women with no history of endometri-
osis (Table 2). However, this was attenuated after adjust-
ment for potential confounding factors (HR 1.06 [95% CI
0.98, 1.13]), which was driven by history of infertility and
age at menarche. The association further attenuated in anal-
yses adjusted for clinical type 2 diabetes risk factors or
covariates that may be on the causal pathway between endo-
metriosis and type 2 diabetes (HR 0.94 [95% CI 0.87,
1.00]). Results did not meaningfully change in sensitivity
analyses pre-dating endometriosis diagnoses, restricting
endometriosis diagnoses to incident reports after cohort
baseline in 1989, expanding endometriosis diagnoses to
include non-laparoscopically confirmed disease and
restricting type 2 diabetes diagnoses to those diagnosed
via screening (data not shown).

We saw no differences in the associations between endo-
metriosis and type 2 diabetes by age group (<50 years old vs
≥50 years old; p value, test for heterogeneity = 0.59) or
menopausal status (p value, test for heterogeneity = 0.42)
(Table 3). However, we did find differences by BMI (p
value, test for heterogeneity = 0.01), history of infertility
(p value, test for heterogeneity = 0.02) and history of gesta-
tional diabetes among parous women (p value, test for
heterogeneity = 0.02). Specifically, among non-obese
women, endometriosis was associated with risk of type 2
diabetes (HR 1.17 [95% CI 1.02, 1.35]), but there was no
association among obese women (HR 1.00 [95% CI 0.91,

1.09]). Among women who had never reported a history of
infertility, there was a modest association between endome-
triosis and type 2 diabetes (HR 1.14 [95% CI 1.04, 1.25]),
but no association between endometriosis and type 2 diabe-
tes among women reporting infertility (HR 0.98 [95% CI
0.89, 1.09]). Lastly, we found that among parous women
with no history of gestational diabetes, there was a modest
association between endometriosis and risk of type 2 diabe-
tes (HR: 1.11 [95% CI 1.01, 1.22]). However, no associa-
tion was found among parous women with prior history of
gestational diabetes mellitus (GDM) (HR 0.93 [95% CI
0.73, 1.19]).

Discussion

Overall, we did not observe an association between history of
laparoscopically confirmed endometriosis and risk of type 2
diabetes after adjustment for common risk factors. However,
the relationship between endometriosis and type 2 diabetes
varied among subgroups. Specificallywe found that womenwith
endometriosis had a modest risk of type 2 diabetes among non-
obese women, women with no history of infertility and women
with no history of gestational diabetes, suggesting that the rela-
tionship between endometriosis and diabetes was strongest in
subgroups with traditionally low type 2 diabetes risk.

Prior research on the relationships between reproductive
factors and risk of type 2 diabetes has been limited. Previous
research found that women with infertility had a 20% greater
risk of developing type 2 diabetes compared with fertile women
(HR 1.20 [95% CI 1.14, 1.28]) [22]; however, there was no
association between endometriosis as an indication for infertil-
ity and risk of diabetes (HR 1.06 [95% CI 0.89, 1.27]). This is
consistent with our findings that among women with a history
of infertility, there was no association between endometriosis
and risk of type 2 diabetes; however, we found that among
women with no history of infertility, endometriosis was associ-
ated with a modest risk of type 2 diabetes (HR 1.14).

Women with endometriosis and no history of infertility
may represent a unique endometriosis phenotype. Women
surgically diagnosed with endometriosis who have never
reported infertility are more likely to have presented clin-
ically with pelvic pain symptoms, whereas women with
endometriosis and infertility may have been diagnosed
with endometriosis incidentally through an infertility eval-
uation [37]. We found that an association between endo-
metriosis and type 2 diabetes existed among women who
never experienced infertility. This mechanism could be
driven by two pathways: (1) as prior research from this
cohort indicates, women with infertility may already be at
increased risk of type 2 diabetes [22], and thus the non-
infertile group may be low risk for type 2 diabetes; and/or
(2) infertility may be an informative phenotype for

557Diabetologia  (2021) 64:552–560



studying endometriosis. Ultimately, this informative
heterogeneity requires additional research.

Women with endometriosis may undergo a variety of
hormonal or surgical treatments (e.g. lesion excision, hysterec-
tomy or oophorectomy) to alleviate symptoms that may
contribute to type 2 diabetes risk [38]. A recent meta-analysis
suggested that earlier age at menopause was associated with a
higher risk of diabetes [39], for both natural and surgically
induced menopause. Prior research on the relationship between
surgically induced menopause through bilateral oophorectomy
and risk of diabetes has been mixed [40]; however, some
research has suggested that bilateral oophorectomy increases
risk of both type 2 diabetes [41] and the metabolic syndrome
[42]. To investigate the influence of surgical treatments that
induce menopause, we adjusted for bilateral oophorectomy
andmenopausal status in multivariable model 3, as these covar-
iates may be on the causal pathway between endometriosis and
type 2 diabetes [33]. Additionally, we stratified by age catego-
ries as well as menopausal status. Compared with model 2,
which adjusted for potential confounding factors, multivariable
model 3 was attenuated after adjustment for potential mediating
variables, including age at menopause and bilateral oophorec-
tomy, suggesting that these covariates may be contributing to
the causal pathway between endometriosis and diabetes. We
found no differences in the relationship between endometriosis
and risk of type 2 diabetes according to age or menopausal
status (Table 3); however, in our stratified analyses, we did
observe that among lean women and fertile women, endome-
triosis was associated with diabetes. It is possible that the asso-
ciation between endometriosis and diabetes among women
who are fertile may, in part, be mediated by endometriosis
treatments that parous women are more likely to accept, such
as oophorectomy. However, this hypothesis was not borne out
by the data because adjustment for bilateral oophorectomy did
not meaningfully change these results. Future research into the
relationships between treatments for endometriosis and diabetes
risk may further elucidate these mechanisms.

Among parous women, we also saw differences in the
association between endometriosis and risk of type 2 diabetes
by history of gestational diabetes. The observed association
between endometriosis and type 2 diabetes in our cohort was
limited to women with no prior history of gestational diabetes
(HR 1.11). Gestational diabetes is an established risk factor for
type 2 diabetes [43, 44], with womenwith gestational diabetes
having a sevenfold greater risk of type 2 diabetes development
compared with women who experienced a normoglycaemic
pregnancy [45]. Thus, the potential influence of endometriosis
on diabetes risk may be more impactful among low-risk
women compared with higher-risk women. Prior research
has found that endometriosis was associated with a higher risk
of gestational diabetes [21], but only among women without a
history of infertility [20], which is consistent with these
results.

There is a strong and consistent inverse relationship
between obesity and risk of endometriosis [1, 23, 24].
Indeed, in our study population, those with endometriosis
were less likely to be obese at cohort baseline in 1989 and at
18 years old. Obesity is associated with insulin resistance [46]
and is the strongest risk factor for development of type 2
diabetes [47]. In our study, we found that among non-obese,
lean women, endometriosis was associated with a modest risk
of diabetes (HR 1.17), but this association was not present
among obese women (HR 1.00). This finding again suggests
that among women who are at a lower-risk for type 2 diabetes,
endometriosis emerges as a modest risk factor.

To our knowledge, we are the first study to prospectively
investigate the relationship between endometriosis and risk of
type 2 diabetes.We found that the relationship between endome-
triosis and type 2 diabetes was strongest among subgroups that
have traditionally been considered low risk for type 2 diabetes.
Additional research is necessary to confirm these findings.

This study has many strengths including its longitudinal
follow-up, prospective ascertainment of endometriosis and
incident type 2 diabetes, and large sample size with validated
measures of type 2 diabetes and endometriosis diagnosis
among a cohort of medical professionals. However, we also
must recognise its limitations. There is a known diagnostic
delay for many women experiencing endometriosis between
symptom onset and disease diagnosis. On average, women
with endometriosis may wait 7 years to receive a diagnosis
and in our cohort women wait, on average, 4 years. This was
investigated in sensitivity analyses where we pre-dated endo-
metriosis diagnosis by 4, 6 and 8 years and the results did not
meaningfully change. Additionally, some members of the
cohort may have not yet been diagnosed with endometriosis
or may have asymptomatic disease. However, given the large
number of women in our population without the disease, the
inclusion of undiagnosed endometriosis in the truly unex-
posed group of women would likely have limited effect [48]
and any potential bias would most likely attenuate our find-
ings. Women with endometriosis may be more likely to be
diagnosed with type 2 diabetes because they are better
connected with the medical system through their endometri-
osis diagnosis and thus may see their healthcare provider more
regularly allowing for more opportunities for a type 2 diabetes
diagnosis. This potential bias is minimised by the fact that all
participants were trained nurses and should be well connected
with the medical system. Additionally, sensitivity analyses
restricting to type 2 diabetes diagnoses via screening did not
meaningfully change the results. The level of health education
in this cohort of nursing professionals allows for high-quality
information to be collected by self-report (as has been consis-
tently demonstrated in validation studies) and reduces
confounding by education and socioeconomic status.
Treatments for endometriosis may mediate the association
between endometriosis and risk of type 2 diabetes [38].

558 Diabetologia  (2021) 64:552–560



Unfortunately, within this large longitudinal cohort, we did
not collect detailed information on hormonal treatments
specifically for endometriosis. Multivariable models were
adjusted for bilateral oophorectomy as a possible treatment
for endometriosis, but we do not have information on whether
the indication for oophorectomy was as a treatment for endo-
metriosis. For covariates missing data in multivariable adjust-
ed models, where appropriate, missingness was enumerated
and data were carried forward from a prior questionnaire if
available or a missing indicator variable was generated. For all
covariates, except BMI, the missing indicator was not associ-
ated with type 2 diabetes. Given this relationship, creating a
missing indicator variable for BMI may bias the results;
however, we expect the bias to be minimal given the small
number of individuals missing information on BMI (0.17%).

Our findings suggest that overall, women with endometri-
osis are not at an increased risk of type 2 diabetes. However,
among subgroups at low risk for type 2 diabetes (i.e. non-
obese women and women with no prior history of infertility
or gestational diabetes), endometriosis is associated with a
modest increased risk of type 2 diabetes. As this is the first
study to prospectively investigate the relationship between
endometriosis and risk of type 2 diabetes, all findings should
be replicated in additional study populations before inferring
clinical and public health implications. Additionally, future
research should emphasise exploration of potential effect
modification by informative subgroups (e.g. age, BMI, infer-
tility history and GDM) as well as treatments for endometri-
osis. Given that our study suggested that among women who
have traditionally been believed to be at low risk for diabetes
(e.g. lean or no history of GDM) endometriosis may confer
increased risk, future research should explore the utility of
targeted screening or intervention among these groups of
women for whom endometriosis may be their only recognised
risk factor for type 2 diabetes.
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