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BACKGROUND: Polycystic ovarian syndrome and endometriosis are 2 of the most common reproductive disorders among women but are
thought to be unrelated.

OBJECTIVE: This study aimed to examine the overlap and common symptoms of polycystic ovarian syndrome and endometriosis.

STUDY DESIGN: The study population included the Endometriosis, Natural History, Diagnosis, and Outcomes Study (2007—2009) operative
cohort: 473 women, aged 18 to 44 years, who underwent a diagnostic and/or therapeutic laparoscopy or laparotomy at 1 of 14 surgical centers
located in Salt Lake City, Utah, or San Francisco, California, in addition to a population cohort composed of 127 women from the surgical centers’
catchment areas. Age and site-adjusted multinomial regression models were used to estimate adjusted prevalence ratios and 95% confidence
intervals of reproductive history characteristics among women with endometriosis only, women with polycystic ovarian syndrome only, and women
with both endometriosis and polycystic ovarian syndrome.

RESULTS: Among the operative cohort, 35% had endometriosis only, 9% had polycystic ovarian syndrome only, and 5% had endometriosis and
polycystic ovarian syndrome. Among the population cohort, 10% had endometriosis only, 8% had polycystic ovarian syndrome only, and 2% had
endometriosis and polycystic ovarian syndrome. In the operative cohort, a history of subfertility was associated with a higher adjusted probability of
having both conditions (adjusted prevalence ratio, 10.33; 95% confidence interval, 3.94—27.08), followed by having endometriosis only (adjusted
prevalence ratio, 2.45; 95% confidence interval, 1.56—3.84) or polycystic ovarian syndrome only (adjusted prevalence ratio, 1.15; 95% confidence
interval, 0.51—2.61), than having neither condition. In addition, experiencing chronic pelvic pain within the past 12 months was associated with a
higher probability of having both conditions (adjusted prevalence ratio, 2.53; 95% confidence interval, 1.07—6.00) than having neither condition.
CONCLUSION: Among a cohort of women undergoing gynecologic laparoscopy or laparotomy, our study found that nearly 1 in 20 women
had both an incident endometriosis diagnosis and symptoms consistent with polycystic ovarian syndrome. Among a population cohort of women
not seeking gynecologic care, polycystic ovarian syndrome and endometriosis overlap prevalence was approximately 1 in 50 women.
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Introduction population-based samples.” Endometri- Endometriosis requires laparoscopic

Endometriosis, defined classically as the
presence of endometrial glands and
stroma outside the endometrium,
including, but not limited to, the pelvic
peritoneum, ovaries, and rectovaginal
septum,’ affects up to 11% of women in

osis is a common cause of subfertility,
with an estimated 30% to 50% of
women with endometriosis being diag-
nosed with subfertility,” and has been
linked to several chronic diseases,
including  cardiovascular  disease.”

surgery or a laparotomy for a formal
diagnosis to be made.”

Polycystic ovarian syndrome (PCOS)
is another common gynecologic disor-
der, estimated to affect 6% to 15% of
community-based samples.“8 PCOS,
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Why was this study conducted?

Key findings

Understanding the co-occurrence of endometriosis and polycystic ovarian syn-
drome (PCOS) and shared symptoms in a well-characterized population may
help elucidate the etiology of these gynecologic disorders.

In this cohort of women without a previous endometriosis diagnosis undergoing
laparoscopy or laparotomy for various indications, the prevalence rates of inci-
dent endometriosis + PCOS were 5% in the operative cohort and 2% in the pop-
ulation cohort, with subfertility history having a 10-fold higher prevalence in
women with endometriosis + PCOS than in women with neither condition.

What does this add to what is known?

Our study informs the clinical enigma of sustained subfertility among women
with PCOS once ovulatory status has been restored; the coexistence of endome-
triosis may be a common contributing factor.

similar to endometriosis, is one of the
leading causes of female subfertility’
and increases the likelihood of other
serious health problems in the life span,
including type 2 diabetes mellitus and
cardiovascular disease.'””"” There are 3
different diagnostic criteria that are
commonly used for the diagnosis of
PCOS, including the Rotterdam criteria,
the National Institutes of Health crite-
ria, and the Androgen Excess and
PCOS Society (AE-PCOS) criteria.'* As
per the AE-PCOS criteria, there is no
single test to diagnose PCOS. Prefera-
bly, after other conditions are ruled out,
a woman who has at least 2 of the fol-
lowing criteria may be diagnosed with
PCOS: (1) infrequent or prolonged peri-
ods; (2) higher than normal blood levels
of androgens; (3) excess facial and body
hair (hirsutism), acne, or thinning of
scalp hair; and (4) many small cysts
(follicles) on 1 or both ovaries."”
Because of contributing factors that
affect both conditions, including altera-
tions in sex steroid synthesis, inflamma-
tion, and/or toxic exposures, women
with endometriosis might exhibit an
increased risk of PCOS.'”'” A study
evaluating the hormonal and metabolic
profiles of women with PCOS found
that a higher level of estrogen relative to
progesterone rather than progesterone
in itself is associated with failure of fol-
licular maturation that presents as irreg-
ular menstrual cycles and subfertility.'®
Moreover, both disorders are thought
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to involve alterations to prenatal testos-
terone levels and atypical functioning
of the hypothalamic-pituitary-gonadal
(HPG) axis'’; however, whether the
alterations are in opposite directions
resulting in diametric and distinct dis-
eases is under debate. Despite shared
risk factors, chronic disease outcomes,
and pathophysiology between endome-
triosis and PCOS, there is limited
research on the overlapping prevalence
of both conditions. To date, research
has sampled relatively small, clinical
populations among mostly women
with infertility.”*~*” An accurate under-
standing of overlapping prevalence
between the 2 conditions will help
inform gynecological health researchers
as to whether there may be shared etiol-
ogy and, if so, exposures that could con-
tribute to the pathophysiology of both
and may help guide clinicians as to the
level of evaluation that is clinically rele-
vant for a potential additional disorder
in a patient that is known to have 1 of 2
conditions.

Here, we set out to examine the over-
lap between PCOS and endometriosis
among the operative and population
cohort of women who participated in
the Endometriosis, Natural History,
Diagnosis, and Outcomes (ENDO)
Study. In addition, we assessed symp-
toms for women with both endometri-
osis and PCOS and compared them to
women who have only 1 of 2 conditions
or neither of the conditions.

Materials and Methods

Study population

This was a secondary data analysis of
the ENDO Study, whose original pur-
pose was (1) to estimate the scope and
magnitude of endometriosis at both the
clinical and population level by diag-
nostic method and choice of compari-
son group and (2) to assess the relation
of endocrine disrupting chemicals and
risk of gynecologic pathology, including
endometriosis.” Women who were cur-
rently menstruating, aged 18 to 44 years,
and scheduled to undergo a diagnostic
and/or therapeutic laparoscopy or lapa-
rotomy regardless of clinical indication
at 1 of 14 participating clinical sites in
Utah and California (2007—2009) were
eligible for the operative cohort study
enrollment.” A population cohort,
matched to the operative cohort by age
and residence within the geographic
catchment areas for the participating
surgical centers, that is, approximately a
50-mile radius that captured approxi-
mately 90% of pelvic surgeries based on
residential zip codes at the time of sur-
gery. For both cohorts, women with a
history of surgically confirmed endome-
triosis were excluded, as were women
who breastfed within the past 6 months,
women who had injectable hormonal
treatment within the past 2 years, or
women who had a history of cancer.
Human subjects approval was obtained
by all participating research institutions,
and all women provided informed con-
sent before any data collection.”

Data collection

Women completed a baseline interview
before surgery via computer-assisted
personal interviews, capturing sociode-
mographic, lifestyle, and psychosocial
factors along with health and detailed
reproductive history.”

Endometriosis diagnosis. Operative cohort.
Surgeons completed a standardized
operative report immediately after lapa-
roscopy or laparotomy to record post-
operative diagnoses and to complete the
Revised American Society for Repro-
ductive Medicine (rASRM) classifica-
tion” staging of endometriosis. In
addition to endometriosis, surgeons
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also recorded on the operative report
any additional gynecologic pathology,
including uterine fibroids, pelvic adhe-
sions, benign ovarian cysts, neoplasms,
and/or congenital Miillerian anoma-
lies.” Our previous work showed high
agreement for endometriosis diagnosis
among 8 expert surgeons viewing oper-
ative digital images (k=0.69) or digital
images in addition to operative reports
(k=0.88).%**

Population cohort. Participation required a
willingness to undergo a pelvic mag-
netic resonance imaging to identify
endometriosis. All images were double
read, first by the initial and subse-
quently by a second radiologist.”

Polycystic  ovarian  syndrome. During  the
baseline personal interview, women
were asked whether they had been diag-
nosed by a doctor with “polycystic ovar-
ian syndrome.” If they checked “yes,”
the women were asked at what age were
they diagnosed. In addition, women
answered detailed questions, informed
by diagrams, regarding several PCOS
features. Specifically, women were asked
to note the natural distribution of hair
on their upper lip, chin, chest, and
pubis, reported as categories 0 to 4, with
illustration (ie, the Ferriman-Gallwey
scoring system). Moreover, women
were asked to report the number of
menstrual cycles that they had in the
previous year and whether they had
fewer periods as a result of any medica-
tion that they were taking. For our
study, in which we were not able to
assess biochemical hyperandrogenism
via blood draws or polycystic ovaries
via ultrasounds, we relied on clinical
measures. Here, the women were con-
sidered to have PCOS if they reported
being diagnosed with PCOS by a doctor
or reported having <9 cycles per year
(not because of medication) and scoring
>5 on the modified Ferriman-Gallwey
scoring system for hirsutism.”*

Symptoms. To ~ identify  subfertility,
women were asked whether they had
either ever tried for >6 months to get
pregnant or had used fertility treatment
to get pregnant. Women who reported

trying for >6 months to get pregnant
were also asked to report the number of
months they had attempted to get preg-
nant. Here, the women who tried longer
than 12 months if <35 years old or lon-
ger than 6 months if >35 years old were
considered infertile. To assess pelvic
pain, the women reported whether they
experienced pain lasting >6 months
that was either cyclic or chronic.”’
Women were queried about lifetime
and current acne that was medically
diagnosed, including age at onset, sever-
ity, and location. Finally, in addition to
reporting the number of menstrual
cycles that they had in the previous
year, women also reported the number
of days between their periods, the length
of their shortest periods, and the length
of their longest periods.

Statistical analysis

We assessed the distribution of endo-
metriosis and PCOS as either singularly
or co-occurring gynecologic diseases in
both the operative and population
cohorts using proportional Venn dia-
grams’’ and descriptive statistics to
report differences in women’s charac-
teristics by diagnosis (counts were too
small to assess differences in the popu-
lation cohort). We used multinomial
regression models”' to estimate adjusted
prevalence ratios (aPRs) and 95% confi-
dence intervals (CIs) for sociodemo-
graphic, lifestyle, and reproductive
factors among women with endometri-
osis only, PCOS only, both endometri-
osis and PCOS, and neither condition,
with neither condition being our refer-
ence.”’ We performed a sensitivity anal-
ysis in which we restricted our reference
category to women who had neither
endometriosis, PCOS, nor any other
gynecologic pathology. All statistical
analyses were performed using SAS
(version 9.4; SAS Institute, Cary, NC).

Results

Among the operative cohort, 35% had
endometriosis only, 9% had PCOS only,
and 5% had endometriosis and PCOS
(Figure, A). Among the population
cohort, 10% had endometriosis only,

8% had PCOS only, and 2% had endo-
metriosis and PCOS (Figure, B).

In the operative cohort, women who
had both endometriosis and PCOS were
more likely to be White or non-His-
panic White, be above the poverty level,
and be college educated and less likely
to be a current smoker, be an alcohol
consumer, and have moderate to high
physical activity levels than women who
have neither condition (Table 1). More-
over, they were more likely to have pre-
viously used oral contraception, report
subfertility, be nulligravid or nullipa-
rous, have <9 periods over the past
year, and have experienced chronic pel-
vic pain and/or cyclic pain (Table 2).

pt?>After adjusting for age at enroll-
ment and study site (Utah vs Califor-
nia), no clear association was found
between having endometriosis and/or
PCOS, compared with neither condi-
tion, and sociodemographic factors
except body mass index (BMI; kg/m?),
which was lower in women with endo-
metriosis (aPR, 0.95; 95% CI, 0.92
—0.98), higher in women with PCOS
(aPR, 1.04; 95% CI, 1.01—1.08), and
null in women with both conditions
(aPR, 1.00; 95% CI, 0.95—1.00), com-
pared with women with neither condi-
tion (Table 3). A history of subfertility
(women who tried longer than 12
months if <35 years old or longer than
6 months if >35 old were considered
infertile) was associated with a higher
adjusted probability of having both con-
ditions (aPR, 10.33; 95% CI, 3.94
—27.08), followed by having endometri-
osis only (aPR, 2.45; 95% CI, 1.56
—3.84) or PCOS only (aPR, 1.15; 95%
CI, 0.51-2.61), than having neither
condition (Table 3). Experiencing
chronic pelvic pain within the past year
was associated with a higher probability
of having both conditions (aPR, 2.53;
95% CI, 1.07—6.00), followed by having
endometriosis (aPR, 1.34; 95% CI, 0.89
—2.03) or PCOS (aPR 1.31, 95% CI,
0.66—2.60) than having neither condi-
tion. In our sensitivity analyses, we
found that estimates were similar in
magnitude and precision when women
without any noted gynecologic disor-
ders on their operative report were
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FIGURE

Venn diagram illustrating prevalence of endometriosis and/or PCOS

Operative Cohort (n=473)

Neither
n=242 (51.2%)
Endometriosis
n=166 (35.1%)
PCOS \
n=41 (8.7%) Both
n=24 (5.1%)
Population Cohort (n=127)
Neither
n=103 (81.1%)
Endometriosis
n=12 (9.5%)
PCOS
n=10 (7.9%) Both
n=2 (1.6%)

A, The ENDO operative cohort. B, The ENDO population cohort.

ENDO, endometriosis, natural history, diagnosis, and outcomes; PCOS, polycystic ovarian syndrome.

Schliep. Endometriosis and polycystic ovarian syndrome overlap. Am J Obstet Gynecol Glob Rep 2023.

considered the reference group (Supple-
mental Table).

Discussion

Principal findings of the study
Among a cohort of women undergoing
diagnostic and/or therapeutic laparos-
copy or laparotomy, regardless of clini-
cal indication, our findings suggested
that endometriosis may co-occur with
PCOS in 1 in 20 women with newly
diagnosed endometriosis. Among a
population cohort of women not seek-
ing gynecologic care, PCOS and endo-
metriosis overlap prevalence was 1 in 50
women. Our findings showed that the
co-occurrence of endometriosis and
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PCOS, within the operative cohort, was
associated with a 10-fold higher proba-
bility of subfertility, followed by a 3-fold
higher probability among women with
endometriosis and a 1.2-fold higher
probability among women with PCOS
only, than having neither condition.

Results in the context of what is
known

Prevalence  of  co-occurrence  of
endometriosis and polycystic ovarian
syndrome. Few studies have assessed
the prevalence of endometriosis with
PCOS,”’"?>"*7** especially in cohorts
of women with surgically visualized

disease. Our finding of 5% of women
with both conditions in the operative
cohort is in line with the 7% to 8% co-
occurrence found in previous studies
among asymptomatic women with min-
imal to mild endometriosis,’>>> which
made up 71% of endometriosis staging
in the ENDO operative cohort. Higher
rates of endometriosis among women
with PCOS (up to 70%) have been
reported among women hospitalized
for PCOS™ or with self-reported infer-
tility and/or pelvic pain,”' mirroring
our results showing a 10-fold higher
probability of subfertility and a 2.5-fold
higher probability of chronic pelvic
pain in women with both conditions
than with neither condition. Our over-
lapping prevalence is lower than most
studies conducted in the 1990s or previ-
ously.”””*"** Specifically, in a 1994
report of 192 women undergoing lapa-
roscopies over a 2-year period (mean
age, 30.9 years), 10% had both PCOS
(as per abnormal sex steroid profile and
polycystic ovaries) and visualized endo-
metriosis.”” Our study is unique in cap-
turing overlapping prevalence in a
population-based sample of women not
seeking gynecologic care. Our 2% esti-
mate should be corroborated in future
research before definitive conclusions
are made.

Although study comparisons are dif-
ficult because of various criteria used to
diagnose PCOS, our 2% to 5% overlap
prevalence of endometriosis and PCOS,
which is the lowest reported to date, is
biologically what may be expected.
Backed by experimental and epidemio-
logic evidence,'””” an emerging theory,
known as the diametric disorder
hypothesis for endometriosis and
PCOS, proposes that opposite levels of
prenatal testosterone exposure (low for
endometriosis and high for PCOS) pro-
gram the developing HPG axis resulting
in underproduction (in endometriosis)
and overproduction (in PCOS) of adult
ovarian testosterone relative to estra-
diol."” Further research that takes into
account prenatal alterations of sex hor-
mone exposure and causes for such
alterations'””” will help in better under-
standing the pathophysiology of endo-
metriosis and PCOS and whether
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TABLE 1

Characteristics of women in the operative cohort of the Endometriosis, Natural History, Diagnosis, and Qutcomes Study (2007—2009) (N=473)

Total Endometriosis PCOS Endometriosis + PCOS Neither

Characteristic (N=473 [100%]) (n=166 [35%]) (n=41[9%]) (n=24 [5%)]) (n=242 [51%)]) Pvalue
Sociodemographic or lifestyle
Age (y), mean+SD 33.0+7.0 32.1+6.9 31.54+6.9 31.3+6.0 34.0£71 .01
Study site 15

Utah 412 (87) 151 (91) 35 (85) 22 (92) 204 (84)

California 61(13) 15(9) 6 (15) 2(8) 38 (16)
Race and ethnicity 63

Non-Hispanic or White 354 (75) 123 (74) 32(78) 19 (79) 180 (74)

Hispanic White 63 (13) 23 (14) 7(17) 14 32 (13)

Other 56 (12) 20 (12) 2(5) 4(17) 30 (12)
BMI (kg/m?), mean-£SD 28.0+8.0 26.0+£7.1 31.9+9.2 28.7+7.8 28.8+8.2 <.001
Percentage above poverty level 412 (88) 147 (90) 32 (78) 23 (100) 210(88) .06
College graduate or higher 189 (40) 70 (42) 14 (34) 13 (54) 92 (38) 35
Current smoker 67 (14) 19(12) 8 (20) 1(8) 39(16) 19
Current alcohol consumer 188 (41) 60 (37) 16 (39) 8(33) 104 (45) .36
Physical activity level .61

Low 75 (18) 23 (16) 6(16) 3(13) 43 (20)

Moderate 152 (36) 53 (37) 12(32) 12 (52) 75 (35)

High 191 (46) 69 (48) 20 (53) 6 (35) 94 (44)
Reproductive history
Ever sexually active 407 (86) 140 (84) 33(80) 23 (96) 211 (88) .25
Age of intercourse (y), mean+SD 18.7+4.0 19.1+4.4 19.0+4.4 19.7+3.2 18.2+3.7 12
Ever oral contraceptives 403 (85) 145 (87) 33(80) 23 (96) 202 (83) .26
History of STls 95 (20) 23 (14) 10 (24) 7(29) 55 (23) 08
Subfertility (tried >12 mo) 140 (30) 64 (39) 9(22) 17.(71) 50 (21) <.001
Infertility treatment 87 (18) 38 (23) 4(10) 14 (58) 32(13) <.001
Parity .005

Never pregnant 155 (33) 71 (43) 12 (29) 10 (42) 62 (26)

Pregnant but no live birth 46 (10) 17 (10) 5(12) 4(17) 20 (8)

>1 live birth 269 (57) 77 (47) 24 (59) 10 (42) 158 (66)
Data are presented as number (percentage), unless otherwise indicated. To assess the differences among diagnosis of endometriosis, PCOS, endometriosis + PCOS, and neither, the analysis of variance or Kruskal-Wallis test was used for continuous variables, and the

chi-square or Fisher exact test was used for categorical variables. There are missing data for age (n=0), race and ethnicity (n=0), BMI (n=5), poverty level (n=7), education (n=3), smoking (n=2), alcohol (n=13), and physical activity (n=55).

BMI, body mass index; PCOS, polycystic ovarian syndrome; SD, standard deviation; ST/, sexually transmitted infection.

Schliep. Endometriosis and polycystic ovarian syndrome overlap. Am J Obstet Gynecol Glob Rep 2023.
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TABLE 2
Characteristics of menarche and menstruation history of the Endometriosis, Natural History, Diagnosis, and Outcomes Study (2007—2009) (N=473)
Total Endometriosis PCOS Endometriosis + PCOS Neither
Characteristic (n=473 [100.0%)]) (n=166 [35.0%)]) (n=41[9.0%]) (n=24 [5.0%]) (n=242 [51.0%)]) Pvalue
Age at menarche (y) 33
<1 90 (19.1) 32(19.3) 409 8(33.3) 46 (19.1)
12—-13 236 (50.0) 80 (48.2) 24 (58.5) 8(33.3) 124 (51.4)
>14 146 (30.9) 54 (33.5) 13(31.7) 8 (33.3) 71 (29.5)
No. of menstrual cycles® <.001
None 18(3.9) 3(1.8) 2(4.9 3(8.3) 11 (4.6)
1-3 25(5.3) 2(1.2) 7(017.9) 3(12.5) 13(5.4)
4—6 31 (6.6) 6 (3.6) 13(31.7) 2(8.3) 10 (4.2)
7-9 37(7.9) 14 (8.5) 8(19.5) 6 (25) 9(3.8)
10-12 286 (60.8) 118 (71.5) 9(22.0) 10 (41.7) 149 (62.1)
>13 73 (15.5) 22 (12.3) 2(4.9 1(4.2) 48 (20)
Average cycle length? <.001
<22 89 (19.4) 23 (14.1) 6 (15.4) 4(18.2) 56 (23.7)
2224 5(3.3) 5(3.1) 0(0) 0(0) 04.2
25-27 49 (10.6) 20(12.3) 1(2.6) 2(9.1) 26 (11.0)
28—-30 244 (53.0) 96 (58.9) 17 (43.6) 9 (40.9) 122 (51.7)
31-33 22 (4.8) 11 (6.8) 3(7.7) 1 (4.6) 7 (3.0)
>34 40 (8.9) 8 (4.9 12(30.8) 6 (27.3) 15 (6.4)
Mean£SD 29.5+£25.2 27.1+5.9 48.7+64.9 32.1+£21.7 27.7+£20.6 <.001
Length of shortest cycle (d)? 19.5+£23.7 17.8£10.3 36.4+67.8 18.0£13.9 17.9+14.3 <0.001
Length of longest cycle (d)® 31.2+33.6 25.5+15.4 58.8+73.7 50.0+46.7 28.8+27.9 <.001
Periods in the past 12 mo typical of the last 5 y
Yes 178 (37.9) 72 (43.4) 13 (32.5) 1(47.8) 82(34.2) a7
No, specify
More frequent 83 (28.5) 6 (27.7) 6 (22.2) 3(25.0) 8 (30.4) .83
Less frequent 49 (16.8) 13(13.9) 10 (37.0) 4 (33.3) 22 (13.9) .008
Heavier bleeding 174 (59.8) 63 (67.0) 7(25.9) 9 (75.0) 95 (60.1) .001
Lighter bleeding 77 (26.5) 1(22.3) 12 (44.4) 3(25.0) 1(26.0) 15

Schliep. Endometriosis and polycystic ovarian syndrome overlap. Am J Obstet Gynecol Glob Rep 2023.
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TABLE 2

d Outcomes Study (2007—2009) (N=473) (continued)

Endometriosis + PCOS

istory, Diagnosis, an
(n

Natural H

iosis,

Characteristics of menarche and menstruation history of the Endometr

Neither

PCOS

Endometriosis

(n

Total

Pvalue

(n=242 [51.0%])

79 (50.0)
29 (18.4)

24 [5.0%])

6 (50.0)

(n=41 [9.0%])

8 (29.6)
7(25.9)

166 [35.0%])

50 (53.2)
18 (19.2)

(n=473 [100.0%])

143 (49.1)
56 (19.2)

Pelvic pain of >6 mo affecting normal function

Characteristic

19
.82
.06

Bleeding more days

2 (16.7)

Bleeding fewer days

160 (66.4)
81 (33.6)

10 (41.7)
14 (58.3)

24 (58.5)
17 (41.5)

96 (57.8)

70 (42.2)

290 (61.4)

No

182 (38.6)

Yes

<.001

Painful menstrual cramps of >6 mo

159 (66.3)

15 (62.5)

81 (48.8) 32 (78.0)

287 (60.9)

No

Yes, specify duration (mo)

<6

5(4.4)

1(6.7)

1(5.3)

8 (7.6)

15(5.9)

23(20.2)
19(16.7)

3(20.0)
2(13.3)
9(60.0)

8 (42.1)
1(5.3)

21(19.8)
24 (22.6)
53 (50.0)

55 (21.6)
46 (18.1)

6—12
13-24

>24

67 (58.8)

9 (47.4)

Data are presented as number (percentage), unless otherwise indicated. To assess differences among the diagnosis of endometriosis, PCOS, endometriosis + PCOS, and neither, the analysis of variance or Kruskal-Wallis test was used for continuous variables, and the

138 (54.3)
chi-square or Fisher exact test was used for categorical variables.

PCOS, polycystic ovarian syndrome; SD, standard deviation.

3 ast 12 months.
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women with both conditions have a
distinct phenotype.

Shared symptoms and risk factors for
endometriosis and polycystic ovarian
syndrome. Our findings are consistent
with previous research showing the
positive associations between endome-
triosis and history of subfertility and
dysmenorrhea and the negative associa-
tions between gravidity and parity.”**

Because of small counts in certain
categories, we were limited in our abil-
ity to detect differences in sociodemo-
graphic characteristics. For BMI on the
continuous scale, we found an inverse
relationship with endometriosis (aPR,
0.95; 95% CI, 0.92—0.98) and a positive
association with PCOS (aPR, 1.04; 95%
CI, 1.01-1.08), which tracks with pre-
vious research.”””” Given the contrast-
ing relationship, it was not surprising to
find a null relationship with endometri-
osis comorbid with PCOS (aPR, 1.00;
95% CI, 0.95—1.06). Given our and
other’s previous research indicating
that women with deep infiltrating endo-
metriosis and endometriomas have the
lowest adiposity indicators®’ than
women with superficial endometriosis,
taking into consideration endometriosis
typology when looking at potential
shared risk factors with PCOS is war-
ranted.

Of notable interest is the 9- to 10-
fold increased probability of reporting
subfertility or previous subfertility
treatment and significantly reduced
gravidity and parity among women
with both PCOS and endometriosis
compared with women with neither
condition. The multifactorial nature
of female subfertility is  well
established,*"** supporting the findings
from this study. Although mechanisms
for how endometriosis or PCOS
cause female subfertility are well
established,”®*® what is not clear is
whether women who suffer from both
endometriosis and PCOS have unique
risk profiles that may additively or mul-
tiplicatively increase their risk of sub-
fertility. If this is the case, increased
surveillance and tailored treatment pro-
tocols are warranted.
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TABLE 3
PRs of the characteristics and menstruation history of the Endometriosis, Natural History, Diagnosis, and Out-
comes Study, adjusted for age at enrollment and study site (Utah or California) (2007—2009) (N=473; the refer-
ent group is neither disease)
Characteristic Endometriosis PCOS Endometriosis + PCOS Neither
aPR (95% Cl)
Sociodemographics or lifestyle
Percentage above poverty level (yes or no) 1.43(0.74—2.76) 0.56 (0.24—1.35) NA 1.00
College educated (yes or no) 1.35(0.89—2.06) 0.88 (0.43—1.81) 2.27 (0.96—-5.42) 1.00
White or non-Hispanic White 0.95(0.53—-1.72) 0.81(0.32—2.02) 3.71 (0.48—28.84) 1.00
Current smoker 0.62 (0.34—1.12) 1.17 (0.50—2.74) 0.20 (0.03—1.55) 1.00
Body mass index (kg/m?) 0.95 (0.92—0.98) 1.04 (1.01-1.08) 1.00 (0.95—1.06) 1.00
Reproductive history
Gravid (vs nulligravid) 0.96 (0.44—2.08) 1.80 (0.53—6.09) 1.86 (0.48—7.13) 1.00
Parous (vs nulligravid) 0.43 (0.26—0.69) 1.05 (0.46—2.40) 0.43 (0.16—1.19) 1.00
Subfertility (yes or no) 2.45 (1.56—3.84) 1.15(0.51-2.61) 10.33 (3.94—27.08) 1.00
Subfertility treatment 1.97 (1.16—3.34) 0.74 (0.25—2.24) 9.53 (3.84—23.64) 1.00
Age at first consenting sex (y) 1.06 (1.01—-1.12) 1.06 (0.96—1.16) 1.11 (1.00—-1.22) 1.00
Age at menarche (y) 1.05(0.94—1.19) 1.04 (0.85—1.26) 0.98 (0.76—1.26) 1.00
Mean no. of periods 0.99 (0.96—1.02) 0.80 (0.75—0.86) 0.85 (0.78—0.93) 1.00
Mean cycle length (d) 1.00 (0.98—1.01) 1.02 (1.01-1.03) 1.01 (0.99—1.03) 1.00
Mean shortest cycle (d) 1.00 (0.99—1.02) 1.02 (1.00—1.04) 1.00 (0.97—1.03) 1.00
Mean longest cycle (d) 0.99 (0.98—1.00) 1.02 (1.01-1.03) 1.01 (1.00—1.02) 1.00
Chronic cyclic pain (yes or no) 1.94 (1.29—-2.93) 0.51(0.23—1.13) 1.07 (0.45—2.58) 1.00
Chronic pelvic pain (yes or no) 1.34 (0.89—2.03) 1.31 (0.66—2.60) 2.53 (1.07—6.00) 1.00
aPR, adjusted prevalence ratio; Cf, confidence interval; NA, not available; PCOS, polycystic ovarian syndrome; PR, prevalence ratio.
Schliep. Endometriosis and polycystic ovarian syndrome overlap. Am J Obstet Gynecol Glob Rep 2023.

In addition, although chronic pelvic
pain was higher in women with endo-
metriosis and/or PCOS than in women
with neither condition, painful men-
strual cramps (dysmenorrhea) showed
the strongest relationship with having
both conditions. Previous research has
reported that 74% of women with
PCOS experiencing chronic or cyclic
pelvic pain and/or subfertility also have
endometriosis lesions.”’ Although most
women’s health clinicians and research-
ers associate endometriosis with chronic
pelvic pain and dysmenorrhea, women
with PCOS are also at increased risk of
dysmenorrhea.***’

Clinical and research implications

Given that endometriosis and PCOS are
the 2 most common reasons for female
subfertility and our finding that 1 in 20

8 AJOG Global Reports August 2023

individuals undergoing laparoscopy or
laparotomy for any indication may have
both conditions, with increased risk of
subfertility and dysmenorrhea, clini-
cians are advised to consider endome-
triosis as a potential risk factor among
women with subfertility whose subfer-
tility is not corrected after ovulation is
restored.”’ As both endometriosis and
PCOS may share a common inflamma-
tory pathway, future research that can
look at shared inflammatory biomarkers
(eg, C-reactive protein) and their poten-
tial additive effect on the risk of subfer-
tility is warranted. Although PCOS is
clinically apparent, mild to moderate
endometriosis, at present, currently
requires laparoscopy for diagnosis. In
the future, we hope that a clinical or
biomarker diagnosis of endometriosis
will become available to further clarify

appropriate therapeutic alternatives in
women with PCOS who remain subfer-
tile despite the correction of anovula-
tion."® Because women with PCOS
often have less frequent menstrual
cycles, the symptom of dysmenorrhea
could be attenuated,”” making it less
likely to consider endometriosis as a
comorbidity.

Strengths and limitations

Our study had several strengths, includ-
ing a gold standard assessment of inci-
dent endometriosis” among a relatively
large sample of women undergoing
diagnostic and/or therapeutic laparos-
copy or laparotomy, regardless of clini-
cal indication. Furthermore, our study
is unique in capturing the overlapping
prevalence of PCOS and endometriosis
within a population-based sample not
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seeking gynecologic care. In addition,
we used patient reports of physician-
diagnosed PCOS and PCOS self-
reported symptomology to identify
prevalent PCOS within our sample."’
Finally, in our endometriosis prospec-
tive assessment, we were able to assess
many sociodemographic, lifestyle, and
reproductive history factors, including
PCOS, before endometriosis assess-
ment, limiting potential recall bias. Nev-
ertheless, our study had some
limitations. We are not able to confirm
whether or not a clinician with expertise
in PCOS made the “physician-diag-
nosed” PCOS assessment. Given that
PCOS diagnostic criteria have evolved
significantly over the past 2 decades,"”
we lack diagnostic precision within our
study. In addition, our sample included
women only from Utah and California,
which limits generalizability, especially
concerning looking at risk factors for
endometriosis and/or PCOS. Finally,
given that we relied on capturing PCOS
via questionnaires rather than bio-
markers of hyperandrogenism, we may
have unidentified PCOS cases, leading
to misclassification bias. However, it
should be also noted that the prevalence
of PCOS (with or without endometri-
osis) was 14% in the operative cohort
and 10% in the population cohort,
which is in line with the 6% to 15%
prevalence estimate found in before
community-based samples.”® Never-
theless, with only 65 women with
PCOS, we may have been underpow-
ered to ascertain differences in women’s
symptoms by diagnostic category.
Future studies that can include larger
population-based samples and addition-
ally use gold standard methods for
PCOS diagnosis will better quantify the
actual extent of the overlap.

Conclusions

Individuals with multiple gynecologic
conditions may have difficulty conceiv-
ing; however, there is limited research
on the overlapping prevalence and risk
factors of various gynecologic patholo-
gies, including PCOS and endometri-
osis. Many clinicians and researchers
consider PCOS and endometriosis to be

diametric disorders. However, despite a
paucity of research to date, previous
hospital-based studies indicate any-
where from a 10% to 70% overlapping
prevalence depending on the severity of
PCOS and/or endometriosis among the
enrolled patients.

In this cohort of relatively healthy
women without a previous endometri-
osis diagnosis undergoing gynecologic
laparoscopy for various indications,
including tubal ligation, 5% were found
to have both PCOS and an incident
endometriosis diagnosis. Among a pop-
ulation sample within the same geo-
graphic catchment area but not seeking
care, 2% were found to have both PCOS
and an incident endometriosis diagno-
sis. Women having both conditions had
a 10-fold higher prevalence of being
subfertile than women having neither
PCOS nor endometriosis. Our study is
novel in assessing PCOS and endome-
triosis overlap among both women
seeking gynecologic care for multiple
indications and women in the popula-
tion not seeking gynecologic care. Both
cohorts had few exclusion criteria,
thus enhancing representativeness. Our
study, in combination with previous
studies, may inform the clinical enigma
of sustained subfertility among women
with PCOS once ovulatory status has
been restored; the coexistence of endo-
metriosis may be a contributing factor.
Future studies that can better predict
the risk of having both PCOS and endo-
metriosis, based on sociodemographic
and health history factors among hospi-
tal and population-based samples, are
needed for improved surveillance and
care. [ |

Supplementary materials
Supplementary material associated with
this article can be found in the online ver-
sion at doi:10.1016/j.xagr.2023.100259.
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