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Structured abstract

Purpose of review: There is increasing interest in the long-term health and comorbid conditions 

associated with endometriosis for both women and neonates. The purpose of this review was to 

synthesize and discuss the current state of the literature investigating endometriosis and risk of 

adverse pregnancy outcomes.

Recent findings: Methodologic considerations for studying endometriosis and adverse 

pregnancy outcomes include complexities regarding the comparison population, endometriosis 

definition, sample size, residual confounding, and interactions. The current research on 

endometriosis and adverse pregnancy outcomes should be interpreted cautiously. To date, evidence 

suggests that endometriosis may be associated with higher risk of ectopic pregnancy, placenta 

previa, preterm birth, and cesarean section. While an association with miscarriage and stillbirth 

has been consistently observed, the relative risk was small.

Summary: Pregnant women with endometriosis may be at higher risk for certain adverse 

pregnancy outcomes and may therefore benefit from additional monitoring. However, additional 

research is needed to confirm these associations and should focus on ensuring studies have internal 

and external validity, as well as, investigate the potential for differences in endometriosis 

phenotypes. Moreover, future research should focus on understanding potential mechanisms of 
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association and better understanding how early interventions, through increased monitoring or 

screening during pregnancy, may improve outcomes.
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Introduction

Endometriosis is a gynecologic disease that affects approximately 10% of women and 

occurs when endometrial-like tissue thrives outside of the uterus. Endometriosis is 

heterogeneous in its phenotype and symptoms, with women most often experiencing 

dysmenorrhea, dyspareunia, dyschezia, or infertility [1, 2]. The relationship between 

endometriosis and risk of subsequent adverse pregnancy outcomes is complex. Much of the 

current research to date comes from low-quality or small studies, and therefore generalizing 

from these findings may lead to inaccurate or false conclusions. We are tasked with 

disentangling the “myth” from “reality” for understanding the relationship between 

endometriosis and adverse pregnancy outcomes. In this commentary, we will discuss the 

study-design and methodologic complexities to consider when interpreting results in this 

field and then summarize the current state of the research. We will conclude with an outline 

of gaps in knowledge and critical next steps for moving this field forward.

Methodologic Complexities of Studying Endometriosis and Pregnancy

Endometriosis is a challenging condition to rigorously study in epidemiologic research [3]. 

There are many complexities related to the disease definition and appropriate comparison 

population. Most of the research on endometriosis and adverse pregnancy outcomes has 

been conducted among women recruited from an infertility clinic, which may not generalize 

to the two-thirds of women with endometriosis who do not present with infertility [4, 5], and 

also may conflate the effect of infertility on pregnancy outcomes independent of 

endometriosis [6-8].

Many adverse pregnancy outcomes are rare, i.e. occur in less than ten percent of pregnancies 

[9], while endometriosis is estimated to occur in approximately ten percent of women of 

reproductive age [3]. Thus, it is often challenging to find a sufficiently large sample 

population that has adequate statistical power and that additionally has detailed, valid data 

on both endometriosis and pregnancy outcomes. A meta-analyses can combine information 

across small studies, but if studies with biases are included in the meta-analysis, then the 

results of the meta-analysis cannot improve the validity of the independent, biased studies 

themselves [10]. In addition, study differences in the population sampled, endometriosis and 

outcomes definitions, statistical modeling, etc. may render the meta-analytic summary 

statistic uninformative.

The clinical gold-standard of endometriosis diagnosis is surgical visualization [11]. 

However, the path to receive a diagnosis of endometriosis is complex for many women, with 

an average diagnostic delay between symptom onset and disease diagnosis of seven years 

[4]. Endometriosis diagnoses has also been shown to vary by race/ethnicity and socio-
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economic status [12, 13], with affluent white women traditionally having greater access to 

care than other marginalized groups. In order to receive an endometriosis diagnosis, both the 

patient and her healthcare provider must recognize her symptoms as possibly caused by 

endometriosis, and the provider must refer the patient to appropriate, specialized care. The 

different types of providers through which endometriosis is ultimately diagnosed influence 

population sampling, validity, misclassification, and generalizability. This influences the 

group diagnosed with endometriosis but also, in any study population, there may be women 

with undiagnosed endometriosis misclassified into the unexposed group. The proportion of 

misclassification of endometriosis is correlated with financial, cultural, and systemic barriers 

to accessing care that are also associated with adverse pregnancy outcomes.

How women are defined as having been diagnosed with endometriosis is another complexity 

of endometriosis epidemiology. Some studies have restricted their “definition” of 

endometriosis to surgically treated and/or confirmed endometriosis, while other studies have 

defined endometriosis more broadly (e.g. self-report, clinician report but no surgical 

confirmation, radiologic imaging). These differences in endometriosis definition could lead 

to misclassification, which could impact the estimate of the associations.

When studying endometriosis and pregnancy outcomes, the pathway to diagnosis is further 

complicated by whether the woman also experiences infertility symptoms. It is a myth that 

all women with endometriosis experience infertility. Approximately one-third of women 

with endometriosis present with infertility [4]. While this is twice the prevalence of the 

general population [14], our research group reported that among the Nurses’ Health Study II 

(NHSII) cohort (n=116,429), >80% of women with endometriosis achieved a successful 

pregnancy [5]. Research restricted to infertility clinics have inherent selection bias, as only 

half of couples who experience infertility consult a healthcare provider about their infertility 

and fewer go on to receive treatment [15, 16]. Among those couples who are able to access 

infertility care, some women diagnosed with endometriosis during an infertility evaluation 

would not have been diagnosed otherwise had they not tried to conceive, recognized 

difficulty conceiving, and presented for an infertility evaluation.

Much of the research to date has come from clinical studies of women undergoing infertility 

treatment that oversample endometriosis cases who were diagnosed due to their infertility. 

These studies cannot tease apart the influence of endometriosis from the influence of 

infertility or fertility treatment. Indeed, fertility treatment, independent of endometriosis, has 

been associated with greater risk of many adverse pregnancy outcomes [6, 7]. Lastly, these 

comparisons may underestimate true endometriosis-specific risk by comparing women with 

endometriosis to women with other infertility diagnoses that may independently be at higher 

risk for adverse pregnancy outcomes [17, 8, 18].

Lastly, not all of the prior research has been able to account for potential confounding 

variables. Confounding variables in this context are variables that are associated with both 

endometriosis and the adverse pregnancy outcome that are not on the causal pathway 

between endometriosis and the outcome. Potential confounding variables are specific to each 

adverse pregnancy outcome, but may include maternal age, maternal body mass index, 

smoking history, parity, infertility history, dietary intake, and alcohol intake. Some study 
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designs or data structures (e.g. registry data, electronic health records, claims data) may not 

have collected this information. Inability to take these potential confounding variables into 

account may lead to incorrect effect estimates and ultimately incorrect conclusions impacted 

by residual confounding [19].

Hypothesized Mechanisms

There is increasing literature suggesting that women with endometriosis may have higher 

risk of long-term health outcomes [20, 3], including cardiovascular disease and cancer, 

compared to women without endometriosis. The hypothesized mechanisms behind these 

associations vary by disease. There are several hypothesized pathways that are suggested for 

why women with endometriosis may have higher risk of adverse pregnancy outcomes 

(Figure 1) [21, 22]. Women with endometriosis have greater levels of inflammation both 

locally and systemically [23, 24]. Inflammation may contribute to the etiology of gestational 

diabetes, hypertensive disorders of pregnancy (gestational hypertension and preeclampsia), 

and preterm birth [25-27]. Additionally women with endometriosis may have inadequate 

uterine contractility [28] and deficient placentation that may influence implantation, fetal 

growth, placental abnormalities, and gestation length [29]. Moreover, progesterone 

resistance of the endometrium in women with endometriosis may impact oocyte quality, 

pregnancy maintenance, and gestational length, which has downstream contributions on 

implantation and embryo development [21, 30, 29].

Current Summary of the Research on Endometriosis and Adverse 

Pregnancy Outcomes

As of September 2019, there have been numerous studies, and to our knowledge, six meta-

analyses of the relation between endometriosis and at least one pregnancy outcome (Table 

1).

Miscarriage

Several systematic reviews have shown that women with endometriosis are at greater risk of 

subsequent miscarriage [31, 29, 32]. In the most recent meta-analysis of nine cohort studies, 

women with endometriosis were found to have a 1.75-fold higher risk of miscarriage 

compared to their counterparts with no history of endometriosis (95% Confidence Interval 

(CI)(1.29-2.37)) [31]. This finding was supported by subsequent results from two of the 

largest studies to date. A national record linkage study in Scotland, with 5,735 women with 

endometriosis, found a 76% greater risk of miscarriage among women with endometriosis 

(OR=1.76 (1.44-2.15)) compared to women without endometriosis [33]. Following the 

publication of the meta-analysis, another population-based cohort reported that an absolute 

risk of miscarriage of 19.3% in women with laparoscopically confirmed endometriosis 

compared to 12.3% among women without endometriosis (OR=1.40 (1.31-1.49)) [22]. 

However, the risk of miscarriage for women with endometriosis was stronger for 

pregnancies in women at younger ages (aged < 35 years) and in first pregnancies [22].
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Although, the majority of studies have reported a greater risk of miscarriage in women with 

endometriosis, the most recent meta-analysis calculated high variability among studies 

(I2=93%) [31]. Variation in findings may be due to inherent differences and assumptions 

associated with sampled populations, miscarriage definitions, and study designs. Self-

reported miscarriage assumes women can accurately recognize and recall their miscarriage, 

therefore individuals who have had a longer duration of trying to conceive or who are 

experiencing subfertility may be more likely to recall early miscarriages compared to fertile 

women. Registry-based studies may also fail to capture miscarriages early in pregnancy or 

miscarriages for women who do not inform their healthcare provider.

Ectopic Pregnancy

The existing literature on ectopic pregnancy is sparse but relatively consistent, suggesting 

that those with endometriosis have a greater risk of ectopic pregnancy. A registry-based 

Danish cohort study of 123,335 women followed for 15 years, found that women with 

endometriosis had a nearly two-fold greater risk of ectopic pregnancy compared to women 

without endometriosis (RR=1.9 (1.8-2.1)) [34]. These findings have been supported by a 

national-record linkage study in Scotland, which found that the risk of ectopic pregnancy 

was nearly three-fold greater for women with endometriosis (OR=2.70 (1.09-6.72)) [33]. 

Research from the NHSII cohort also supports this overall trend but found a more modest 

effect size in models adjusted for potential confounders; women with laparoscopically 

confirmed endometriosis had a 2.3 fold greater risk of ectopic pregnancy in age-adjusted 

models (95% CI= 1.90-2.86), which attenuated to 1.5 fold after adjustment for body mass 

index and history of infertility (95% CI= 1.19-1.80)[22].

Stillbirth

Like ectopic pregnancy, stillbirth is a rare pregnancy outcome (3.3 stillbirths per 1,000 

births) [35]. A recent meta-analysis of seven prior studies calculated an overall summary 

odds ratio of 1.29 (1.10-1.52) [30]. Population-based cohort data, published after the meta-

analysis, reported a nearly identical modest higher risk of stillbirth for women with 

endometriosis (OR= 1.27 (1.01-1.60)) [22].

Gestational Diabetes Mellitus

Research has been mixed regarding an association between endometriosis and risk of 

gestational diabetes mellitus (GDM). GDM affects between 2 to 5% of all pregnancies and 

is associated with risk of other downstream health consequences, such as stillbirth, 

macrosomia, preeclampsia, need for cesarean delivery, and maternal development of type 2 

diabetes mellitus after pregnancy.

A recent meta-analysis of 12 studies, which included over 3,200 women with endometriosis, 

found that women with endometriosis had a small, 26% greater risk of gestational diabetes 

(95% CI= 1.03-1.55) compared to women without endometriosis [30]. Two recent 

prospective cohort studies support the overall meta-analysis finding, observing a 35% 

greater risk of GDM for women with endometriosis overall [22, 36].
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Some studies have shown that women with any diagnosis of infertility are at greater risk of 

GDM [37], thus a possible association between endometriosis and GDM may be erroneously 

attenuated when comparing women with endometriosis to other women with infertility or 

undergoing ART. Indeed, the overall association in the meta-analysis was attenuated when 

the analysis was restricted to studies conducted only among women utilizing ART (n=5; 

OR=1.08) [30]. , Additionally, recent research found that the relationship with GDM was 

attenuated among women with a history of infertility (P-value, test for heterogeneity = 0.03) 

[22].

Hypertensive Disorders of Pregnancy

A recent meta-analysis, which combined 24 studies, suggested that women with 

endometriosis had a modest risk of gestational hypertension and/or preeclampsia (OR=1.21 

(1.05-1.39))[30]. However, among meta-analyses that have restricted their samples to cohort 

studies, the association was attenuated (OR=0.90 [31]; OR=1.08 [38]). However, there was 

great variation among all studies, with I2=77% and among twelve cohort studies, with 

I2=94% (Table 1). Data from the NHSII, published after the meta-analyses, found that 

endometriosis was associated with a modest increased risk of preeclampsia and hypertensive 

disorders of pregnancy (RR= 1.30 (1.16-1.45))[22]. Conversely, a recent Japanese cohort 

study and the national-registry study from Scotland, support the findings of the meta-

analysis among cohort studies, suggesting that endometriosis was not associated with 

preeclampsia or other hypertensive disorders of pregnancy [36, 33].

There have been several hypothesized mechanisms between endometriosis and hypertensive 

disorders of pregnancy. Endometriosis or the eutopic endometrium of women with 

endometriosis may influence uterine peristaltic activity causing micro-trauma and impaired 

implantation due to endometrial defects [39]. Inflammation and abnormal implantation 

coupled with abnormal placentation may increase risk for hypertensive disorders among 

women with endometriosis.

Placental anomalies

Prior research has consistently suggested a substantial association between endometriosis 

and placenta previa [29]. Meta-analyses on the topic have consistently reported a 3-fold [31] 

to 3 and half fold [30] greater risk. While the I2 has been >70%, this appears to be driven by 

the magnitude of the relative risk (e.g. 2-fold versus 7-fold), not differences in whether there 

is or is not a greater risk observed (Table 1). The recent registry-based data from Scotland 

also found that women with endometriosis had a 2-fold greater risk of placenta previa [33]. 

While there has been concern that the greater risk associated with endometriosis may be 

driven by utilization of fertility treatment, the risk of placenta previa for women with 

endometriosis has been shown to be elevated in both spontaneously-conceived and ART-

conceived pregnancies. Indeed, the risk appears to be greater among women with 

endometriosis who spontaneously conceived, however the number of studies among this 

population is small (OR=6.83; 3 studies) [30]. As prior dilation and curettage from 

miscarriage and prior cesarean section increase risk of placenta previa [40], there may be 
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interactions that yield even greater risk for women with endometriosis who are at higher risk 

of each compared to women without endometriosis.

Cesarean Section

There are many potential indications for utilization of cesarean section including concurrent 

risk from adverse pregnancy and perinatal outcomes and a high rate of cesarean section 

among ART deliveries [41]. In 2017, the CDC reported that 32.0% of U.S. deliveries were 

by cesarean section [42]. Researchers have consistently found an association between 

endometriosis and risk of cesarean section in meta-analyses, including a summary of 20 

studies that quantified a 90% greater risk (OR=1.86 (1.51-2.29))[30], and a meta-analysis 

restricted to cohort studies that reported a 57% greater risk (OR=1.57 (1.39-1.78); n=13)

[31]. The relationship with endometriosis was reported to be modestly stronger among 

women who spontaneously conceived (OR=1.76; n=6 studies) compared with ART 

conceptions (OR=1.24; n=7 studies)[30]. In addition to other adverse outcomes influencing 

cesarean section, this may be driven by the heightened access to care and the over 

medicalization of care among women with endometriosis [43].

Preterm Birth

Research has been consistent in showing an association between endometriosis and preterm 

birth [30, 31]. Prior meta-analyses have reported elevated risk of preterm birth ranging from 

49% [44] to 70% [30], which again yielded relatively high I2 values but are clinically 

consistent (Table 1). A recent meta-analysis of cohort studies (n=9) found that pregnancies 

to women with endometriosis had a greater risk of preterm birth in both women who 

conceived spontaneously (OR=1.59, 95% CI: 1.32-1.90) and women who utilized ART 

(OR= 1.43, 95% CI: 1.14-1.79) [44]. Lalani and colleagues reported a similar pattern in their 

meta-analysis: the association was stronger among spontaneous pregnancies (OR=1.70; n=7 

studies), but in ART pregnancies, endometriosis still conferred statistically and clinically 

significant risk (OR=1.27) (n=10 studies) [30]. Some studies have also found greater risk of 

severe preterm birth (<34 weeks) (OR=1.58) [31], and also when divided between very 

preterm births (<32 weeks, OR=1.91 (1.16-3.15)) and moderate preterm birth (32-36 weeks, 

OR= 1.64 (1.33-2.03)) [39]. Very few studies have taken into account fetal growth, which 

may mediate the relationship between endometriosis and preterm birth.

There are several proposed mechanisms of association for endometriosis and preterm birth. 

Pro-inflammatory mediators (PGE2, COX-2, interleukin-8) are higher in the peritoneal fluid 

of women with endometriosis, which may cause uterine muscle contractions and cervical 

ripening, resulting in preterm birth [36]. Additionally, women with endometriosis have been 

shown to have progesterone resistance of the endometrium and pelvic endometriosis may 

interfere with placentation, thus increasing risk of preterm birth [36].

Measures of fetal growth

Research investigating the relationship between endometriosis and measurements of fetal 

growth (birth weight, size for gestational age) have reported mixed findings. Prior meta-
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analyses have consistently shown a small association (OR=1.28 [30]; OR=1.27 [31]; 

OR=1.16 [44]) between endometriosis and small for gestational age (<10th percentile birth 

weight by age). However, studies have been inconsistent regarding an association between 

endometriosis and low birth weight (LBW) (<2500 grams) [45, 46, 44, 33, 17]. A meta-

analysis of 12 studies reported a small 13%, increased risk of LBW for women with 

endometriosis [30]. More recent research reported an absolute risk of LBW of 5.6% in 

women with endometriosis compared to 3.6% in women without endometriosis [22]. They 

also reported that the relationship was stronger among women without a history of infertility 

versus those who ever experienced infertility (OR=1.26 vs. 1.09), however this difference 

was not statistically significant. The limited prior data comparing spontaneous conceptions 

to ART conceptions support a similar overall pattern—that is, the association between 

endometriosis and fetal growth, SGA and LBW, tended to be stronger among spontaneous 

pregnancies [45, 30]. This comparison may be affected by the suggested higher risk of LBW 

and SGA for ART pregnancies [47, 18].

Summary of the state of the literature and critical next steps

While there has been a growing interest in understanding the relationship between 

endometriosis and adverse pregnancy outcomes, there is a paucity of large studies with the 

depth and breadth of data to explore potential confounding and sub-groups at higher risk. 

Many of the current studies investigating these associations have been restricted to clinical 

infertility settings, which limit generalizability of findings. Registry and health-record based 

studies also have inherent limitations such as under reporting certain adverse outcomes (e.g. 

miscarriage, gestational diabetes), misclassification of exposures and outcomes, and lack 

data on potential confounding factors.

While many studies and meta-analyses on endometriosis and adverse pregnancy outcomes 

exist, it is important to remember that meta-analyses are not able to overcome inherent 

confounding or biases in the studies they combine. The prior meta-analyses indicated high 

heterogeneity (I2>75%) for most adverse pregnancy outcomes (Table 1). Variation across 

studies may be influenced by differences across study designs and populations in 

endometriosis definitions, population selection, residual confounding, and misclassification 

of endometriosis and the adverse pregnancy outcomes [48]. Some meta-analyses have 

attempted to include higher quality studies by restricting their sample to cohort studies [31], 

although a well-designed case-control study may be more robust to bias than a poorly 

designed cohort study [3].

Given the greater risk of adverse pregnancy outcomes among women with infertility and 

among ART pregnancies, some prior research and meta-analyses have explored and 

observed effect modification by infertility history and ART utilization. Moreover, as the 

quality of evidence to support these associations continues to improve, research should focus 

on mechanism and translation – considering biologic targets, screening protocols, and early-

interventions among women with endometriosis with and without infertility and from 

spontaneous and ART conceptions that may reduce excess risk of adverse pregnancy 

outcomes.
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In the current literature, endometriosis has consistently and strongly (Summary ORs: 

1.5-3.3) been associated with placenta previa, cesarean section, ectopic pregnancy, and 

preterm birth (Table 1). While associations with miscarriage and stillbirth have been 

consistently observed, the magnitude of the associations reported have been more modest 

(Summary ORs: 1.3-1.7). There have also been modest but less consistent associations 

reported for the relationship between endometriosis and risk of GDM, preeclampsia, and 

gestational hypertension. The relationship between endometriosis and fetal growth has been 

wholly inconsistent.

A consistent pattern of heterogeneity has emerged when looking separately among 

spontaneous conceptions and among ART/infertile conceptions. The associations between 

endometriosis and several adverse pregnancy outcomes (placenta previa, cesarean section, 

preterm birth) have been stronger among spontaneous conceptions (Table 1). The 

mechanism behind this pattern may be two-fold. 1) It is well established that ART, as well as 

certain infertility diagnoses, are themselves associated with greater risk for many adverse 

pregnancy outcomes. Thus, when analyses are conducted among ART conceptions, the 

independent risk conferred by endometriosis may not be greater than the baseline elevated 

risk conferred by ART or by other infertility diagnoses necessitating the use of ART. Thus, 

the quantified relative risk of endometriosis on adverse pregnancy outcomes among ART 

pregnancies or among infertile women is attenuated compared to the effect of endometriosis 

among spontaneous pregnancies. 2) Women with endometriosis who experience infertility 

and ultimately utilize ART may be different from women with endometriosis who do not 

experience infertility and thus do not utilize ART. Women with endometriosis who do not 

experience infertility may represent a phenotype of endometriosis that has severe pain 

symptoms, as these women are more likely to be diagnosed because of their pain 

presentation. Therefore, the stronger relationship among spontaneous conceptions for 

endometriosis on adverse pregnancy outcomes may represent a pain-related endometriosis 

phenotype. Most likely, both mechanisms contribute to the greater risk of adverse pregnancy 

outcomes for women with endometriosis among spontaneous conceptions compared to 

ART/infertile conceptions, perhaps through shared and unique pathophysiology.

Conclusion

It is a myth that all women with endometriosis will experience infertility; many women with 

endometriosis are able to conceive successfully and most conceive spontaneously. It may 

also be a myth that patients with endometriosis have the same risk of adverse pregnancy 

outcomes as other women, as they may have higher risk for some adverse pregnancy 

outcomes and therefore may benefit from additional monitoring. Future well-designed and 

well-characterized studies are needed to improve our understanding of the health of 

pregnancies to women with endometriosis, to elucidate mechanisms of association, and to 

better understand the possible role of additional monitoring and screening during pregnancy 

among this population.
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Figure 1. 
Hypothesized mechanisms between endometriosis and adverse pregnancy outcomes
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