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Abstract

The aim of this review is to summarize the current literature regarding a link between endometriosis and adverse pregnancy
outcomes. We also present an overview of common pathogenic mechanisms between endometriosis and obstetric complications.
A computerized literature search was performed to identify relevant studies. The search covered the period between January 2008
and October 2018. Emerging evidence has revealed that endometriosis increased the risk of preterm birth, miscarriage, preterm
premature rupture of membranes, placenta previa, preeclampsia, pregnancy-induced hypertension (PIH), gestational diabetes,
gestational cholestasis, small for gestational age (SGA) babies, antepartum hemorrhage, postpartum hemorrhage, placental
abruption, retained placenta, malpresentation, labor dystocia, cesarean delivery, stillbirth, neonatal death, and congenital
malformations of the uterus, but the data are based on limited information. However, some studies have found that endometriosis
did not affect pregnancy outcomes. Previous studies are heterogenous and the existing data are controversial. Limited evidence
from a few studies also indicated that surgical excision of endometriosis may not reduce the risk of adverse pregnancy outcomes.
Endometriosis and obstetric complications may share common pathophysiologic mechanisms, in which abnormal activation of
inflammation, structural and functional alterations in the junctional zone, and perturbed uterine peristalsis may play important
roles. In this review, we outlined evidence that women with endometriosis have a high risk of obstetric complications. We
describe the common crucial features between endometriosis and obstetric complications.
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Introduction

Endometriosis is one of the common gynecologic diseases
in women of reproductive age [1]. It is defined as the pres-
ence of endometrial tissue outside the uterine cavity. The
complex etiology is still unclear and it is based on at least
two main theories: retrograde menstruation with peritoneal
seeding and the coelomic or Miillerian duct metaplasia
theory [2]. Menstrual cyclicity, inflammation, aberrant

One-sentence summary
Endometriosis may increase the risk of obstetric complications, possibly
through common pathophysiologic mechanisms such as inflammation.
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hormone signaling, genetic profile, epigenetic modifica-
tions, prostaglandin metabolism, immunological factors,
or the in utero environment factors may play a possible
role in the pathogenesis of endometriosis [3]. It causes
pelvic pain, dysmenorrhea, and infertility, which affect
the quality of life in women [1]. It has been reported that
many comorbidities may arise during the course of endo-
metriosis, including chronic diseases (irritable bowel syn-
drome, migraine headache, pelvic inflammatory diseases,
infertility, obesity, chronic liver disease, theumatoid arthri-
tis, chronic renal disease, diabetes mellitus, cardiovascular
diseases, hypertension, hyperlipidemia, and obstetric com-
plications) and malignancies (ovarian cancer, breast can-
cer, endometrial cancer, and colorectal cancer) [4, 5].
Among these comorbidities, recent epidemiological stud-
ies focused on an association between endometriosis and
obstetric complications [6—8]. Endometriosis promotes ad-
verse pregnancy outcomes, but underlying mechanisms are
poorly understood. The aim of this review is to summarize
the current literature regarding a link between endometri-
osis and adverse pregnancy outcomes and describe the pos-
sible mechanisms underlying this complex relationship.
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Methods
Literature Search

A computerized literature search was conducted to identify
relevant studies reported in the English language. We collect-
ed a comprehensive literature search from PubMed and
Embase database between January 2008 and October 2018,
combining the keywords “endometriosis,” “obstetric compli-
cations,” “adverse pregnancy outcomes,” “adenomyosis,” and
“Inflammation.” A variety of combinations of these terms
were used, depending on which database was searched.
Furthermore, the references of each article were searched to
identify potentially relevant studies. Publications of original
studies, review papers, and multi-/single-center studies in hu-
man participants were included, while those documenting
opinions, points of view, or anecdotes were excluded.
Thirty-four articles were eligible, including retrospective and
systematic review studies.

EENTS

Results
Study Characteristics

A selection flow chart for the search strategy is presented in
Fig. 1. Based on the search strategy, a total of 226 articles were
initially identified on endometriosis and obstetric complica-
tions. After reading titles and abstracts, 176 articles were ex-
cluded because they were irrelevant and 50 potential articles
were reviewed for full text. After reading the full texts, 8
articles were excluded to duplicate (n = 3) or lack of the rel-
evant date (n = 5). Finally, according to the study inclusion/
exclusion criteria, a total of 42 publications were used for the
final analysis.

The Relationship Between Endometriosis
and Obstetric Complications

Emerging evidence has revealed the possible risk of obstetric
complications in endometriosis. The human studies focused
on patients who had surgically proven endometriosis/
adenomyosis [9-23]. Furthermore, to assess the impact of
the coexistence of endometriosis/adenomyosis and pregnancy
on obstetric complications, this review included patients who
did not receive surgical treatment and whose diagnosis was
based on imaging techniques [6-8, 18, 22-30]. In order not to
be overlooked, we also selected review articles to evaluate the
association between and risk of adverse pregnancy outcomes
[31-42]. Peer-reviewed retrospective studies (n =19; [9,
11-29]), national cohort (r = 3; 10, 27, 30), systematic review
and meta-analysis (n = 6; [31-34, 38, 41]), and literature re-
view (n =6; [35-40, 42]) reporting the link between
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endometriosis/adenomyosis and obstetric complications were
eligible for inclusion. In the systematic review and meta-
analysis articles, the sample size was from 1,496,715 to
3,280,488 pregnant women, with 95% confidence level for
estimating. The sample size of retrospective studies ranged
from 49 to 469 patients with endometriosis. The quality of
studies varied and limited by relatively small sample sizes.

Characteristics of included studies are shown in Table 1.
Endometriosis significantly increased the incidence of preterm
birth [6-12, 24-27, 31-36], miscarriage [13, 34], preterm pre-
mature rupture of membranes [8, 10, 32], placenta previa [7, 9,
11, 14, 32, 34, 35], preeclampsia [7, 10, 27, 32, 36],
pregnancy-induced hypertension (PIH) [6, 7, 31, 32], gesta-
tional diabetes [8, 32], gestational cholestasis [32, 37], small
for gestational age (SGA) babies [6-8, 10, 31-34, 38],
antepartal hemorrhage [7, 9, 26, 32, 36], postpartum hemor-
rhage [15], placental abruption [10], retained placenta [10],
malpresentation [32], labor dystocia [32], cesarean delivery
[7, 9, 27, 32, 34, 37], stillbirth [14, 32], neonatal death [10,
32], and congenital malformations of the uterus [10]. For ex-
ample, in the systematic review and meta-analysis article, en-
dometriosis was associated with obstetric complications, in
the order from highest odds ratio (OR) to lowest: gestational
cholestasis (OR =4.9), placenta previa (OR =3.3), preterm
premature rupture of membranes (OR = 2.3), cesarean section
(OR =1.9), neonatal death (OR = 1.8), malpresentation
(OR =1.7), a preterm birth (OR =1.7), antepartum hemor-
rhage (OR =1.7), labor dystocia (OR = 1.5), stillbirth (OR =
1.3), gestational diabetes (OR =1.3), SGA (OR = 1.3), gesta-
tional hypertension and/or preeclampsia (OR = 1.2), and pre-
eclampsia (OR = 1.2) [32]. In 12 review articles on the risk of
obstetric complications in endometriosis, women with endo-
metriosis were more likely to have preterm birth, SGA, gesta-
tional hypertension and/or preeclampsia, gestational cholesta-
sis, placenta previa, and hemorrhage: relative rates of these
obstetric complications doubled or more in patients with en-
dometriosis. In the original article, women with endometriosis
had higher OR: placenta previa (OR 3.9), retained placenta
(OR 3.1), preterm birth before 28 weeks (OR 3.1), hemor-
rhage in pregnancy (OR 2.3), placental abruption (OR 2.0),
neonatal death (OR 1.8), severe preeclampsia (OR 1.7), pre-
mature rupture of membranes (OR 1.7), SGA (OR 1.5), and
congenital malformations (OR 1.3) compared with women
without endometriosis [10]. Among a total of 22 original ar-
ticles, the top 5 obstetric complications consisted of preterm
birth, SGA, placenta previa, preeclampsia, and hemorrhage.
Taken together, to date, evidence shows that both the coexis-
tence of endometriosis and pregnancy and endometriosis be-
fore pregnancy may increase the obstetrical risks.

Obstetric complications associated with endometriosis
have been extensively studied but it is still controversial, pos-
sibly due to potential biases resulting from heterogeneity of
previous studies. Some retrospectively published studies
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(n=3), systematic review and meta-analysis (n=6), literature
review (n=6) and pathophysiologic mechanisms (n=8).

appear to contradict this result [16, 17]. Furthermore, limited
evidence from a few studies indicated that surgical excision of
endometriosis may not reduce the risk of adverse pregnancy
outcomes [10, 15]. Li et al. analyzed the data from 98 primip-
arous women who had been diagnosed with endometriosis by
previous laparoscopic surgery from 2011 to 2013 in China
[15]. Pregnancy outcomes were compared between these
women and 300 women without endometriosis. Women with
endometriosis have a higher risk of pregnancy-related compli-
cations such as postpartum hemorrhage in the endometriosis
group than in the control group. They suggested that surgery
failed to improve the risk of obstetric complications [15].
Berlac et al. extracted the data from the Danish National
Cohort Study for 19,331 deliveries from 1997 to 2014 [10].
Sub-analyses were performed to evaluate the risk of obstetric
outcomes for women with endometriosis who underwent gy-
necological surgery before pregnancy. They concluded that
surgery significantly increased the risk of several obstetric
complications [10].

Moreover, not only a laparoscopically confirmed endo-
metriosis but also suspicion of endometriosis, dysmenor-
rhea, level of cramps with period, and pain at ovulation
are the risk factors that predispose to preterm birth [24].
Among primiparous singleton pregnancies, women with
endometriosis had an increased risk of adverse obstetric
outcomes: SGA fetuses, gestational diabetes, preterm pre-
mature rupture of membranes, and preterm birth [§8, 10].
Furthermore, the meta-analyses of pooled data showed
that women with endometriosis who conceived by
assisted reproductive technology (ART) are significantly
associated with a higher risk of preterm birth, postpartum
hemorrhage, placenta previa, and SGA than those who
conceived naturally [6, 11, 15, 18, 31, 38]. On the other
hand, some studies reported that ART does not seem to
entail an increased risk of obstetrical complications. They
concluded that women with endometriosis were at an in-
creased risk of preterm birth, preeclampsia, and cesarean
section, irrespective of use of ART [17, 25, 27, 38].
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Table 1 Characteristics of

included studies. Table lists the Epidemiological studies

Refs.

studies found to be eligible at full
reading in the reference section

Women who had surgical removal and histopathologic confirmation of endometriosis

Positive study Preterm birth

Miscarriage

Preterm premature rupture of membranes
Placenta previa

Preeclampsia

Pregnancy-induced hypertension (PIH)
Gestational diabetes

Gestational cholestasis

Small for gestational age (SGA) babies
Antepartal hemorrhage

Postpartum hemorrhage

Placental abruption

[2, 6-12, 24-26]
[7,31-36]

[13, 34]

8, 10, 32]

[7,9, 11, 13, 32, 34, 35]
[7, 10, 27, 32, 36]
[6,7,31,32]

18, 32]

[32,37]

[6-8, 10, 31-34, 38]

[7, 10, 26, 32, 36]

[15]

[10]

Women with endometriosis who conceived by assisted reproductive

technology (ART)
Women with DIE

Women with adenomyosis

Retained placenta [10]
Malpresentation [32]
Labor dystocia [32]
Cesarean delivery [7,9, 27,32, 34, 37]
Stillbirth [14, 32]
Neonatal death [10, 32]
Congenital malformations [10]
Negative study 16, 17
Women with endometriosis who had previous surgical excision before [9-17]
pregnancy [18-23]
Women who did not have surgical removal [6-8, 18, 22-27]
[28-30]

[6, 11, 15, 17, 18, 25, 27, 31, 38]

[19, 20, 28, 29, 39]
[19, 22, 23, 30, 33, 41]

Three distinct clinical subtypes of endometriosis have
been identified: ovarian endometrioma, peritoneal endome-
triosis, and deep infiltrating endometriosis (DIE). In gener-
al, there were no statistically significant differences in the
obstetrical risks among the subgroups (DIE, ovarian
endometrioma, and peritoneal endometriosis) analyzed
[19]. Patients with peritoneal endometriosis with superficial
lesions are at an increased risk of miscarriage [21]. Similar
to the case of ovarian endometrioma, women with DIE at
pregnancy had an increased risk of obstetrical outcomes,
such as placenta previa, preterm birth, placental abruption,
miscarriage, intrauterine growth restriction, hypertensive
disorders, and cesarean delivery compared with the general
population [19, 28-30]. DIE is associated with higher rates
of'placenta previa; for other obstetrical outcomes, results are
controversial [39]. Women with gynecological surgery for
DIE before pregnancy carried an elevated risk of not only
placenta previa but also gestational hypertension and intra-
uterine growth restriction during pregnancy [19, 20].
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Adenomyosis constitutes an established nosological entity.
According to Kishi et al., adenomyosis consists of at least 2
different subtypes regarding their substructures: subtype I
adenomyosis (intrinsic) and subtype II adenomyosis
(extrinsic) [43]. Subtype I is defined as a deep endometrial
invasion into the myometrium and occurs in the uterine inner
layer without affecting the outer structures, whereas subtype I1
is defined as a direct infiltration into the outer shell of the
uterus from pelvic endometriosis, without affecting the inner
structures [43]. Depending on the subtype of adenomyosis,
subtype I was characterized as premenopausal adenomyosis
of the parous woman, and subtype Il was recognized as
adenomyosis in association with endometriosis of the infertile
woman [40]. To exclude the influence of endometriosis, clin-
ical parameters of the subtype [ adenomyosis were analyzed in
order to identify risk factors [41]. Pregnancy with subtype I
adenomyosis was a risk factor for preterm birth [19, 22, 23,
30, 33, 41], premature rupture of membranes [19, 22, 41], low
birth weight [30], SGA neonates [23, 30, 33, 41], hypertensive
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disorders [23, 41], malpresentation [41], uterine rupture [19],
intrauterine infection [23], postpartum hemorrhage [19], ec-
topic pregnancy [19], and miscarriage [23, 41]. Several stud-
ies provided important results that adenomyosis itself may be
associated with an increased risk of obstetric complications or
adverse pregnancy outcomes. Since the study populations
were small and confounders could not be totally excluded,
evidence is insufficient to draw conclusions.

Finally, spontaneous hemoperitoneum in pregnancy
(SHiP) is a very rare, but life-threatening condition and occurs
predominantly in the second and third trimesters of pregnancy,
particularly relevant to women with endometriosis with
in vitro fertilization [42, 44, 45]. SHiP occurs as a result of
spontaneous bleeding from decidualized endometriosis
implants.

Common Pathophysiologic Mechanisms

We present an overview of common pathophysiologic mech-
anisms between endometriosis and the top 5 obstetric compli-
cations such as preterm birth, SGA, placenta previa, pre-
eclampsia, and hemorrhage. Two conditions may share over-
lapping molecular features consisting of abnormal activation
of inflammatory and immune functions, (epi)genetic compo-
nents, and environmental factors [46]. Inflammatory compo-
nents play key roles in endometriosis. It is well established
that infection and inflammation represent a risk factor in pre-
term birth [47]. Preeclampsia displays excessive maternal in-
flammation and deficient spiral artery remodeling due to an
unbalanced regulation of inflammatory cytokines, immune
responses, oxidative stress, maternal endothelial dysfunction,
and impaired angiogenesis [48]. Excessive maternal inflam-
mation may also contribute to several pathological conditions,
including stillbirth and placental-related fetal growth restric-
tion (FGR) [49]. These data allow us to hypothesize that en-
dometriosis might be associated with numerous comorbidities
including preterm birth, preeclampsia, FGR, and other preg-
nancy complications, mainly through the common pathogenic
similarities regarding inflammatory response. Although tradi-
tionally viewed as a reproductive disorder, endometriosis pa-
tients are at high risk of several chronic diseases, such as not
only pregnancy complications but also cardiovascular dis-
eases, autoimmune diseases, asthma/atopic diseases, psychi-
atric disease, osteoporosis, and cancer [50]. Recent evidence
suggests that chronic inflammation may play key roles in cor-
onary heart disease [51], allergic disease [52], autoimmune
diseases such as rheumatoid arthritis, Crohn’s disease, and
psoriasis [53], psychosocial disturbances or psychiatric dis-
tress [54], aromatase disruption and osteoporosis [55], and
ovarian cancer, endometrial cancers, thyroid cancer, and other
cancers [4, 5]. Endometriosis might be a long-term major
health issue in women in later life. However, the exact mech-
anisms are still not fully established.

Furthermore, adenomyosis itself may be associated with an
increased risk of adverse pregnancy outcomes [19, 22, 23, 30,
33, 41]. Adenomyosis represents a spectrum of lesions, rang-
ing from an increased thickness of the junctional zone (JZ) to
focal or diffuse forms. Endometriosis often coexists with
adenomyosis or uterine fibroids [56]. The JZ in women with
endometriosis was also expanded in comparison with con-
trols, suggesting structural and functional abnormalities of
the uterine wall in women with endometriosis [57]. The JZ
is considered to play a major role in normal uterine peristalsis
[58]. In women with endometriosis, the peristaltic activity of
the uterus may become dysperistaltic at midcycle [57]. Thus,
perturbed uterine peristalsis in women with endometriosis and
adenomyosis may affect the eventual site of blastocyst im-
plantation and thereby increase the risk of placenta previa
[19, 59, 60]. Furthermore, structural and functional alterations
in the inner portion of the myometrium (or the JZ) may result
in failure of physiologic transformation of the spiral arteries in
the uteroplacental bed and thereby affect placentation [61].
Defective placentation is frequently present in patients with
placenta accreta/percreta and retained placenta [62, 63] and
those with preterm premature rupture of membranes [64].
Failed deep placentation has been associated with preeclamp-
sia, intrauterine growth restriction, preterm labor, placental
abruption, and postpartum hemorrhage [61, 63].

Discussion

This article will focus on the data supporting the common
epidemiology and shared pathophysiology aimed at endome-
triosis and obstetric complications. First, it may be possible to
draw a conclusion that the coexistence of endometriosis and
pregnancy is responsible for the increased risk of a variety of
obstetric complications, including preterm birth, SGA, placen-
ta previa, preeclampsia, and hemorrhage [1, 9, 11-14, 18-23].
Inclusion criteria for some studies were defined as a patholog-
ically confirmed endometriosis [9-23], while other studies
reported clinical diagnosis based on ultrasonographic or MR
imaging findings [6-8, 18, 22-30]. The former group is com-
posed of a relatively small number of patients with a patho-
logically confirmed endometriosis, whereas the latter may in-
clude some women with misdiagnosed or undiagnosed endo-
metriosis. Conversely, two retrospective studies described that
endometriosis may not affect pregnancy outcomes [16, 17].
The data are based on limited information, because the sources
of information were derived from a relatively small number of
patients. They retrospectively analyzed the data from 49 to 78
patients. Therefore, limited numbers of studies may provide
controversial results regarding the possible risk of obstetric
complications in endometriosis.

Second, surgical excision of endometriosis may not reduce
the risk of adverse pregnancy outcomes [ 10, 15]. Furthermore,
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surgical interventions for DIE before pregnancy did not pre-
vent obstetric complications such as placenta previa, gesta-
tional hypertension, and intrauterine growth restriction during
pregnancy [19, 20]. Since surgical excision of severe disease
such as DIE is mandatory when women do not respond to
medical therapy, incomplete or partial excision is suspected
in severe cases [10, 65]. We address the possibility that previ-
ous surgical interventions may increase or not reduce the risks
of obstetric complications, which may be due to minimal re-
sidual disease or disease recurrence after laparoscopic surgery.
However, it is hard to draw a definite conclusion because the
previous reports did not compare the same women before and
after the surgical excisions.

Third, patients with endometriosis and obstetric complica-
tions may share the common pathophysiology including ab-
normal activation of inflammatory functions [5, 46—49,
51-55], structural and functional alterations in the JZ [57,
61-64], and perturbed uterine peristalsis [19, 57-60]. One of
the key components characterizing endometriosis is a chronic,
low level, and sterile inflammation manifested by elevated
levels of local or circulatory cytokines. A variety of obstetric
complications are also associated with an increased inflamma-
tion. Untimely activation of inflammatory processes is known
to be associated with placental dysfunction and pregnancy
complications, which can have a devastating effect on preg-
nancy outcomes [66]. In addition, recent evidence revealed
that the common pathophysiology of endometriosis and ob-
stetric complications may involve epigenetic changes, which
are known or suspected to support cell growth and survival
[67—71]. In another article of this journal (RSCI-19-519 revi-
sion), we discuss the underlying mechanism of epigenetic
dysregulation unique to and shared between endometriosis
and adverse pregnancy complications. Our study revealed
some dysregulated imprinted genes common to endometriosis
and obstetric complications.

Fourth, besides the pathophysiological role of inflamma-
tion, we will discuss other different contributors explaining
the mechanism by which endometriosis significantly in-
creased the risk of obstetric complications. What is the mech-
anism that links endometriosis and these obstetric complica-
tions? We consider the potential and multiple contributions of
confounding factors in many of the reported studies, which
makes the interpretation of the results difficult. Common rea-
sons for spontaneous and indicated preterm births include pre-
term premature rupture of membranes, placenta previa, pre-
eclampsia or eclampsia, hypertension, gestational diabetes,
placental abruption, and fetal indications (SGA, stillbirth,
and neonatal death) [72]. Placenta previa and SGA might
confound results of studies evaluating the risk of
malpresentation and labor dystocia. Also, the presence of a
large adnexal mass including endometrioma in the third tri-
mester of pregnancy may be associated with some complica-
tions affecting the course of pregnancy and labor via cesarean
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section because of the risk of dystocia or malpresentation [73].
Furthermore, it is well known that patients with uterine
malformations or obstructive genital anomalies such as con-
genital cervical atresia may be associated with an increased
incidence of pelvic endometriosis [74].

Finally, some limitations exist in this review. The reported
studies have shown varying results, likely due to the differ-
ences in sample size, disease severity, definitive diagnosis,
methodologic flaws, and the potential contribution of residual
confounders. Because noninvasive clinical diagnosis of symp-
tomatic endometriosis is less accurate than surgical diagnosis,
the study cohort and the control cohort may include some
patients with misdiagnosed endometriosis and some women
with undiagnosed endometriosis, respectively.

In conclusion, endometriosis may have a negative impact
on pregnancy outcomes, possibly through common patho-
physiologic similarities leading to inflammation. Further in-
vestigation is needed to provide the new insight into the com-
mon epigenetic mechanisms underlying the interaction be-
tween endometriosis and obstetric complications.
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