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Abstract

Objective—To investigate the association between endometriosis and systemic lupus
erythematosus (SLE) in prospectively collected population-based data.

Methods—We conducted a case-control study using Swedish registers, identifying female SLE
cases from the National Patient Register (NPR) and female controls sampled from the general
population matched on birth year, sex, and county during 1964-2011. We identified endometriosis
diagnoses from the NPR using ICD codes. We estimated odds ratios (OR) and 95% confidence
intervals (Cls) using conditional logistic regression models.

Results—We identified 2834 cases of SLE and 14164 controls. 78 cases were diagnosed with
endometriosis prior to their SLE diagnosis and 288 controls were diagnosed prior to the index
date. We observed a significant association between endometriosis and subsequent SLE with an
OR of 1.39 (95% CI=1.09-1.78). The association was similar when requiring a laparoscopy/
laparotomy within 6 months of the endometriosis diagnosis (OR=1.33; 95% CI=0.84-2.12) while
the association was stronger when restricted to endometriosis diagnosed at the same time as
hysterectomy (OR=2.26; 95% Cl=1.47-3.64).

Conclusions—Our findings suggest an association between endometriosis and SLE. Future
prospective studies with extended follow-up will be necessary to clarify whether this association is
influenced by the timing and severity of endometriosis diagnosis.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease with a heterogeneous
presentation that can affect multiple systems including skin, joints, and kidneys. SLE is
observed primarily in women consequently female hormones likely play a role in its
etiology.! In Sweden, prevalence estimates for SLE in females range from approximately 79
to 144 per 100,0002 but may vary among other populations depending on multiple factors
including racial and geographic differences as well as differing clinical definitions.3

Endometriosis is a hormone-dependent disorder characterized by the presence of
endometrial tissue outside the uterine cavity and affects approximately 10% of reproductive
aged women.# The etiology of endometriosis is not fully understood but there is evidence
that an aberrant immunologic response contributes to its pathogenesis.® Heightened immune
surveillance has been observed in both endometriosis and SLE, conditions that not only
share clinical features but also immunologic characteristics such as the presence of
antinuclear antibodies (ANA).6-8

Results from a survey of the U.S. Endometriosis Association female membership suggested
that women with endometriosis had a higher than expected prevalence of autoimmune
diseases, including a prevalence odds ratio for SLE of over 20 compared to the general U.S
female population.® A handful of studies have further examined this association finding
mixed results. One hospital-based case-control study found no difference in SLE prevalence
between women with and without endometriosis'® while two cohort studies found a
significant positive association between endometriosis and SLE, 1 12 however their
definitions and restrictions differed with respect to laparascopy and hysterectomy.
Furthermore, because SLE is not a common disease and can be difficult to accurately
characterize in epidemiologic investigations, these studies may have been underpowered.

Using population-based registers in Sweden we designed a case-control study to investigate
the association between endometriosis and SLE with over 2,800 cases of SLE. In addition,
we examined whether the association differed when the endometriosis definition was limited
to those who had undergone laparoscopy/laparotomy within six months of their initial
endometriosis diagnosis or when endometriosis was diagnosed at the same time as a
hysterectomy.

Methods

Study Population

SLE cases were identified from the Swedish National Patient Register (NPR), which
contains data on hospitalizations (1964-2011, nationwide since 1987), day surgery (1997-
2000), and outpatient specialist visits including day surgery (2001-2011). Coverage of the
inpatient portion of the NPR is approximately 100%13 while the outpatient portion has been
estimated to cover approximately 87% of visits, with missing visits primarily from private
caregivers.13: 14 Cases were required to have at least two discharge diagnoses with ICD
codes specifying SLE from either inpatient or outpatient care (ICD-8 734.1, ICD-9 710.0,
ICD-10 M32) including at least one discharge from a department or specialist typically
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known to diagnose, treat, or manage SLE (rheumatology, dermatology, nephology, internal
medicine, and pediatrics). Drug-induced lupus was excluded. Cases were restricted to those
who received their first SLE ICD code Jan 2002 or later as a proxy for incident SLE.
Controls were identified from the Total Population Register and matched to cases (5 to 1) on
birth year, sex, and county of residence the year that the case was first observed as a case
(index date). Cases and controls were restricted to females aged 16 or older at SLE diagnosis
or index date. Ethical approval was obtained by the Ethical Review Board of Karolinska
Institute.

Identification of endometriosis

Information about endometriosis diagnosis was obtained from the NPR. Women were
considered to have endometriosis if they had a discharge diagnosis (main or contributory)
between 1964 and 2011 using the following ICD codes: ICD8: 625.30-625.33, 625.38,
625.39, ICD9: 617A-G, 617X, and ICD10: N80.0-N80.9. Procedure codes were used to
identify women who had undergone a laparoscopy/laparotomy within 6 months of their
initial endometriosis report or hysterectomy at the first recording of endometriosis.
Diagnosis of endometriosis has previously been validated in the inpatient portion of the NPR
with a positive predictive value of 98%.13: 15

Statistical analysis

Results

We calculated the prevalence odds ratio for SLE comparing those with to those without a
history of endometriosis among women alive and living in Sweden as of December 31,
2011. This cross-sectional assessment did not account for whether endometriosis was
identified before or after SLE.

We examined whether the median age of endometriosis diagnosis differed across time
periods corresponding to potential changes in inpatient and outpatient surgical procedures.
We then used conditional logistic regression models to estimate odds ratios (ORs) and 95%
confidence intervals (Cls) for the association between endometriosis and SLE. In this
primary analysis, only first-time endometriosis diagnoses occurring prior to SLE diagnosis
were included. Age was dichotomized at age 50 as a proxy for menopausal status. Effect
modification by age at SLE diagnosis was assessed with a likelihood ratio test comparing a
model with the cross-product term between endometriosis and age with main effects only.

To account for potential misclassification and other concerns about how endometriosis was
defined, we performed several sensitivity analyses. First, because outpatient visit data only
became available in 2001, we restricted to inpatient diagnoses of endometriosis for the entire
study period. We then also modified our definition of endometriosis: 1) limited to those who
had undergone laparoscopy/laparotomy within six months of their initial endometriosis
report and 2) among those diagnosed with endometriosis at the same time as a reported
hysterectomy.

In the cross-sectional analysis, 427 individuals had at least one discharge diagnosis of
endometriosis recorded in the NPR during the study period (1964-2011), of whom 95 of
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who were also diagnosed with SLE. As of December 31, 2011, the age-adjusted prevalence
odds ratio was 1.49 (95% CI=1.18-1.89).

In the case-control analysis examining endometriosis prior to SLE diagnosis, 2834 cases of
SLE and 14164 controls were identified. Eighty-one cases had a diagnosis of endometriosis
prior to their SLE diagnosis and 290 controls were diagnosed prior to the index date (Table
1). The median age of cases at first observation with SLE was 48.7 years and median age of
at first observation with endometriosis was 40.8 years. When examined by time periods
corresponding to potential changes in inpatient and outpatient surgical procedures for
endometriosis!® the median age at endometriosis diagnosis was 39.5 prior to 1994, 43.9
between 1994 and 2000, and 42.1 from 2001 to 2011. The median time between
endometriosis and SLE diagnosis was 14.2 years (range 43 days — 34.7 years), while among
the controls the median time between endometriosis diagnosis and index date was 13.0 years
(range 3 days — 37.1 years).

We observed a significant association between endometriosis diagnosis and subsequent SLE
(OR=1.39; 95% CI=1.09-1.78) (Table 2). The association was similar when the
endometriosis diagnosis was from inpatient care only (OR=1.37; 95% C1=1.06-1.76). The
association was similar with wider confidence intervals when requiring a laparoscopy or
laparotomy procedure code within six months of the endometriosis diagnosis (OR=1.33;
95% CI1=0.84-2.12) (Table 2). The median age of endometriosis diagnosis among those with
a laparoscopic surgery at the time of initial diagnosis was 32.8 years. The association
increased when restricted to endometriosis diagnosed at the same time as hysterectomy
(OR=2.26; 95% CI 1.47-3.46) (Table 2) where the median age at endometriosis diagnosis
was 48.0 years.

When we stratified by age at SLE diagnosis, the association between endometriosis and SLE
was similar comparing older age at SLE diagnosis to younger age (p interaction=0.72).
Those diagnosed with SLE at 50 years or older had an OR=1.44 (95% CI=1.06-1.96),
compared to those diagnosed at younger than 50 years (OR=1.33; 95% CI1=0.88-2.01).

Discussion

In this large population-based case-control study, we observed a significant association
between endometriosis and incident SLE. The association was similar in magnitude among
women who had a laparoscopy or laparotomy at the time of endometriosis diagnosis and did
not differ by age at SLE diagnosis. The association was strongest among women who had a
hysterectomy at the time of endometriosis, which may represent more severe endometriosis.

SLE and endometriosis share overall general dysregulation of the immune response
indicated by altered immune surveillance, heightened humoral immune response and
elevated levels of inflammatory cytokines.®: 8 Endometriosis may be caused by an abnormal
immune response that influences a woman’s susceptibility to the extra-uterine growth of
endometrial tissue. This underlying immune dysfunction may also put individuals at risk for
systemic autoimmune inflammatory disease later in life or endometriosis itself may trigger
an immunologic response that is relevant to SLE development.
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To our knowledge, only one retrospective case-control study and two prospective cohort
studies have examined the association between endometriosis and SLE risk. In a relatively
small hospital based case-control study, Matorras et al. observed no association in SLE
prevalence among cases with histologically-confirmed endometriosis compared to controls
without endometriosis, but these estimates were based on only three individuals with SLE.10
Nielsen, et al. identified women with endometriosis using the Danish Hospital Discharge
Register (1977-2007), which included outpatient data from 1995, and followed them for
diagnosis with SLE. They reported a standardized incidence ratio (SIR) of 1.6 (95% Cl=1.2—-
2.1) for the association between a discharge diagnosis code for endometriosis and a
subsequent discharge diagnosis code for SLE.12 Similar to our results, when they restricted
to laparoscopy or laparotomy confirmed endometriosis, the association was considerably
attenuated and no longer significant (SIR=1.1; CI=0.6-2.1), however, the attenuation we
observed in our study was less extreme. Most recently, the Nurses’ Health Study 11 (NHS I1)
reported a two-fold increased risk of SLE in women with laparoscopically-confirmed
endometriosis (HR=2.03; 95% Cl1=1.17-3.51). The NHS Il differed from our study in that
endometriosis and laparoscopic confirmation were self-reported and if women reported
endometriosis at the same time as reporting a hysterectomy they were excluded.16

The identification and classification of endometriosis was a challenge in the present study.
The majority of the study period relied on the inpatient register, spanning more than 40
years, during which clinical and diagnostic procedures have evolved. Day surgeries have
only been included in the NPR since 1997 therefore laparoscopic surgery not requiring an
inpatient stay prior to 1997 would be missed in this study. Endometriosis identified through
the inpatient portion of the NPR during the time when the outpatient surgery was becoming
more common may therefore represent more severe endometriosis and older patients.1> We
observed some evidence of this as median age at endometriosis diagnosis increased after
1994 among our study population, potentially due to incomplete coverage of the outpatient
and day surgery registers during the later time period. Furthermore, hysterectomy is
considered a treatment for severe endometriosis, which may explain the stronger association
observed when requiring endometriosis be diagnosed concurrent with hysterectomy. While
misclassification of endometriosis may have affected our study it is likely non-differential.
Using ICD codes to identify endometriosis has been validated13: 1> and results were similar
when using a stricter definition requiring a laparoscopy, although with lower power.

Both endometriosis and SLE are diseases that tend to onset months to years before their
clinical diagnosis. Thus a limitation of any study examining the association between them
will be the inability to confirm the temporal relationship. In this study we calculated the
prevalence odds ratio, which makes no temporal assumptions. Our results are similar to the
NHS 11 study where regardless of whether endometriosis was examined as the exposure or
outcome, a positive association was noted with SLE.11 In addition, similar to the NHS I,
our study population was primarily Caucasian. If the association between endometriosis and
SLE differs by race/ethnicity our results would not be generalizable to non-Caucasian
populations.
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Strengths of our study include a population-based design with substantial follow-up time,
prospectively collected data, validated endometriosis diagnostic codes,13 15 and an SLE

de

In

finition based on more than one clinical visit reducing the likelihood of misclassification.2

conclusion, our findings suggest an association between endometriosis and SLE.

Endometriosis may be a risk factor for, or share a common cause with, SLE development.
Future prospective studies with extended follow-up that address both the timing and severity

of

endometriosis diagnosis will be necessary to clarify this association.
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Table 1

Characteristics of systemic lupus erythematosus (SLE) cases and matched controls

SLEcases Controls

N 2834 14164
Age at SLE diagnosis/Index date (years), mean (std dev) 48.8 (17.6) 48.8 (17.6)
Year of SLE diagnosis, median 2005 n/a
History of endometriosis diagnosis, n 81 290
Age at endometriosis diagnosis (years), mean (std dev) 41.2 (10.3) 40.0 (10.1)

Time between endometriosis diagnosis and SLE diagnosis/index date, mean (std dev)  14.2 (8.6) 14.1 (8.9)
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Odds ratios and 95% confidence intervals of systemic lupus erythematosus (SLE) by endometriosis history

among 2,834 SLE cases and 14,164 matched controls, Sweden, 1964-2011

SLE caseswith  Controlswith

Endometriosis definition endometriosis  endometriosis  OR (95% CI)

Any first-time endometriosis diagnosis prior to SLE 81 290 1.39 (1.09-1.78)
Laparoscopy/laparotomy at time of endometriosis diagnosis 22 82 1.33(0.84-2.12)
Hysterectomy at time of endometriosis diagnosis 28 59 2.26 (1.47-3.46)
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