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Abstract
Pregnancy and neonatal outcomes in women diagnosedwith endometriosis were investigated using data collected from the Korea
National Health Insurance Claims Database and the National Health Screening Program for Infants and Children. A total of
3,778,561 women who gave birth between 2007 and 2015 were identified, and 1,938,424 primiparous women and their
newborns were included in this study. Women with a diagnosis of endometriosis had a significantly higher incidence of multiple
pregnancy, cesarean section, breech presentation, postpartum hemorrhage, placental abruption, placenta previa, and stillbirth than
women without endometriosis (P < 0.0001). The rates of preterm birth and low birth weight were also increased in women with
endometriosis (P < 0.0001). After adjusting for age, the estimated risks of these outcomes remained significant. Women previ-
ously diagnosed with endometriosis have an increased risk of adverse pregnancy and neonatal outcomes. Particular attention and
information regarding these conditions should be provided to women with endometriosis during the preconception or antenatal
periods.
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Introduction

Endometriosis is characterized by the development of endo-
metrial cells outside the uterus. The estimated prevalence of
endometriosis is 10% in women of reproductive age, and up to
30–50% among women with pelvic pain or infertility [1, 2].
Endometriosis is a benign condition, but its course is progres-
sive, chronic, and highly recurrent. General symptoms include
severe dysmenorrhea, chronic pelvic pain, reduced fertility, or
infertility, which may adversely affect both quality of life and
reproduction in affected women.

Endometriosis is associated with impaired fertility and
causes difficulty in conceiving. The monthly fecundity rate
is 15–20% in healthy women, but 2–10% in women with

endometriosis [3–5]. Although the primary pathogenic mech-
anisms underlying endometriosis remain unclear, complex bi-
ological factors have been suggested to play a role in its de-
velopment and progression, including changes in hormonal,
immunological, and inflammatory molecules. In addition, a
key finding in pelvic endometriosis is the presence of adhe-
sions in the pelvic structures causing tissue damage and ana-
tomical distortions. These biochemical and anatomical chang-
es are considered to have a negative effect on fertility.

Hormones and the immune system play an important role
in female reproductive function, including embryo implanta-
tion, pregnancy maintenance, and the labor process [6, 7].
Moreover, notable physiological changes occur in the anato-
my and structure of pelvic organs during pregnancy due to
fetal development. Considering that endometriosis is associ-
ated with the alteration and dysfunction of many hormonal
and biochemical markers, as well as scarring, adhesions, and
fibrotic changes in pelvic organ tissues, its effect on pregnancy
and neonatal complications in women who have endometri-
osis should be further clarified. Recent studies reported that
some adverse outcomes, such as an increased risk of preterm
birth, abnormal placentation, and preeclampsia, are higher in
pregnant women diagnosed with endometriosis [8–10].
However, there are discrepancies between the findings of
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different studies, which may be attributed to the evaluation of
different populations, confounders, or small sample sizes
[11–13].

This study investigated pregnancy and neonatal outcomes
in primiparous women who had been previously diagnosed
with endometriosis using data from a large population obtain-
ed from two national health programs.

Materials and Methods

Dataset Characteristics

This study merged datasets from the Korea National Health
Insurance (KNHI) claims database and the National Health
Screening Program for Infants and Children (NHSP-IC).
With regard to the KNHI claims database, 97% of the
Korean population is required to enroll in the KNHI program,
while the remaining 3% is treated under the Medical Aid
Program [14]. Therefore, this database contains all claim in-
formation for individuals, along with disease occurrences,
with the exception of medical conditions and treatments that
are not covered by insurance.

As a part of the KNHI system, a National Health Screening
Program for Infants and Children (NHSP-IC) was started in
2007 comprising 7 consecutive health examinations in differ-
ent age groups (4–9 months, 9–18 months, 18–30 months,
30–42 months, 42–54 months, 54–66 months, and 66–
80 months). Data from this program included physical and
anthropometric examinations and developmental screenings.
This study protocol was approved by the Institutional Review
Board of the Korea University Medical Center.

Dataset

An enrollment flowchart for the study is shown in Fig. 1. All
women who gave birth between January 1, 2007, and
December 31, 2015, were identified, and 1,840,137 multipa-
rous cases and cases with missing data were excluded (dataset
1). Data on pregnancy outcomes were analyzed from dataset 1
using relevant codes from the International Classification of
Diseases, 10th Revision (ICD-10) (World Health
Organization, Geneva, Switzerland). The NHSP-IC database
includes data on preterm birth, neonatal sex, and birth weight.
To further analyze the neonatal outcomes related to these var-
iables, women were excluded from the dataset if their off-
spring did not undergo at least 1 of the 7 consecutive NHSP-
IC health examinations or if they had missing data (dataset 2).

Definitions and Pregnancy Outcomes

Maternal diseases were identified by searching relevant diag-
nosis codes in the ICD-10. A maternal diagnosis of

endometriosis before pregnancy was made if the patients were
diagnosed with endometriosis (ICD-10 code N80). Data on
pregnancy outcomes were extracted from dataset 1 using
ICD-10 codes, which included information on multiple preg-
nancies, type of delivery, breech presentation, preeclampsia,
postpartum hemorrhage (PPH), placental abruption, placenta
previa, and stillbirth. Data on neonatal outcomes, including
preterm birth, neonatal sex, and birth weight, were extracted
from dataset 2. Preterm birth was defined as having a gesta-
tional age < 37 weeks, low birth weight (LBW)was defined as
a birth weight < 2,500 g, and large for gestational age (LGA)
was defined as a birth weight > 4,000 g.

Statistical Analysis

Continuous and categorical variables were expressed as
means ± standard deviations and percentages, respectively.
Clinical characteristics were compared using the t test for con-
tinuous variables and the chi-square test for categorical vari-
ables. Multivariable logistic regression analysis was used to
estimate the adjusted odds ratio (OR) and 95% confidence
intervals (CIs) for an association between a history of endo-
metriosis and adverse pregnancy outcomes. All tests were
two-sided, and P < .05 was considered statistically significant.
Statistical analyses were performed using the SAS software
version 9.4 for Windows (SAS Inc., Cary, NC, USA).

Results

A total of 3,778,561 births (either vaginal or cesarean) were
identified between 2007 and 2015 in the KNHI database.
From these, we excluded 1,838,802 multiparous cases (not
first pregnancy and delivery) and 1,335 cases involving

Fig. 1 Flow chart of the enrollment of the study population
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missing data on maternal age. Dataset 1 contained 1,938,424
cases, including 1,893,996 without endometriosis (97.71%)
and 44,283 with endometriosis (2.29%), and was used for
analyzing pregnancy outcomes (Fig. 1). The mean age at the
time of pregnancy was significantly higher in women with
endometriosis than in the control group (31.7 ± 3.7 years vs.
29.9 ± 3.8 years) (P < 0.0001).

The results showed that women with a previous diagnosis
of endometriosis had a significantly higher incidence of mul-
tiple pregnancy, cesarean section, breech presentation, pre-
eclampsia, PPH, placental abruption, placenta previa, and
stillbirth (P < 0.0001) (Table 1). Dataset 2 contained data on
1,765,549 births and was used to analyze neonatal outcomes.
The incidence of preterm birth and LBW was significantly
higher in women with endometriosis than in the control group
(Table 2). The percentage of LGA infants was higher among
women without endometriosis (P < 0.0001).

Regression analyses were performed to assess the risk of
obstetric and neonatal outcomes in the affected and control
groups, and data are described with crude ORs and age-
adjusted ORs (AORs) with 95% confidence intervals (CIs).
Women with endometriosis had a significantly higher risk of
obstetric complications, which remained significant after
adjusting for age (Table 3). The estimated risk of multiple
pregnancy, breech presentation, placenta previa, or stillbirth
was more than twofold higher in the affected group than in the
control group. Furthermore, neonatal complications, such as
preterm birth (AOR, 1.657; 95% CI 1.588–1.729) and LBW
(AOR, 1.635; 95% CI 1.577–1.696), were significantly in-
creased in women with endometriosis. In the sub-population
analysis for the risks of obstetric and neonatal events in only
singleton birth cases (n = 1,897,399), all outcome variables
were found to be significant with the exception of preeclamp-
sia, which was estimated to be AOR = 1.025 (95% CI 0.965–
1.089) (Table 4).

Discussion

The results of the present population study indicated that
women with a previous diagnosis of endometriosis had ad-
verse consequences, including an increased risk of pregnancy
and neonatal complications, and this risk remained significant
after adjusting for maternal age. The risk of multiple pregnan-
cy, breech presentation, and placenta previa was more than
twofold higher in women with endometriosis than in the con-
trol group. In addition, the estimated risk of stillbirth was more
than 1.5-fold higher in the affected group.

Endometriosis can develop in women of any age but is
more prevalent in those who are in their reproductive years.
Therefore, its effect on fertility and clinical outcomes in
assisted reproductive technology (ART) has been extensively
explored over the past few years. Recently, there has been
growing concern regarding obstetric and neonatal outcomes
in women previously diagnosed with endometriosis. A popu-
lation study from a Danish cohort showed that women with
endometriosis had an increased risk of severe preeclampsia,
PPH, placenta previa, placental abruption, small for gestation-
al age, and premature rupture of the membrane (PROM) [9].
Another study analyzed 82,793 cases of singleton births and
found that the risk of preeclampsia, cesarean section, and pre-
term birth was higher in women with endometriosis, indepen-
dent of ART [15]. Despite the discrepancies in outcome pa-
rameters between studies, the increased risk of preterm birth,
PROM, and abnormal placentation in women with endome-
triosis has been repeatedly demonstrated [8, 9, 15–18].
Chronic inflammation is a key phenomenon in the pathogen-
esis of endometriosis and may be a mechanism underlying
obstetrical complications [19, 20]. Proinflammatory cytokines
are responsible for remodeling the uterine cervix, and their
alteration can stimulate cervical weakening and membrane
rupture, thus promoting uterine contraction, which is the

Table 1 Pregnancy outcomes in
the study population from dataset
1

Total (n = 1,938,424) P value

Women without endometriosis
(n = 1,893,996)

Women with endometriosis
(n = 44,428)

Multiple pregnancy 38,256 (2.02) 2,769 (6.23) < 0.0001

Cesarean section
(n, %)

713,042 (37.65) 21,488 (48.37) < 0.0001

Breech presentation
(n, %)

637 (0.03) 38 (0.09) < 0.0001

Preeclampsia (n, %) 47,247 (2.49) 1,341 (3.02) < 0.0001

PPH (n, %) 149,794 (7.91) 3,913 (8.81) < 0.0001

Placental abruption
(n, %)

8,598 (0.45) 259 (0.58) < 0.0001

Placenta previa
(n, %)

20,995 (1.11) 1,610 (3.62) < 0.0001

Stillbirth (n, %) 14,959 (0.79) 587 (1.32) < 0.0001

PPH postpartum hemorrhage
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established mechanism for preterm birth following PROM
[21–23]. Accordingly, if the dysregulation of inflammatory
molecules is induced by endometriosis in the uteroplacental
environment, the risk of PROM or preterm labor is increased
in women with endometriosis [19]. Previous studies have
assessed the role of metalloproteinases, COX-2, and prosta-
glandins to clarify the mechanisms underlying preterm birth in
endometriosis or adenomyosis [19, 24, 25].

Data on the risk of preeclampsia are conflicting [9, 15,
16, 26]. In theory, dysfunction in the uterine junctional zone
(JZ) is associated with the development of gestational hy-
pertension in preexisting endometriosis [27, 28]. The uter-
ine JZ constitutes the inner one-third of the myometrium,
which is highly specialized and thickened in women with
endometriosis in comparison with women with a normal
uterus [20, 29, 30]. The full conversion of myometrial spi-
ral arteries into large uteroplacental vessels is essential in
normal placentation [20]. Therefore, certain remodeling

defects of the myometrial spiral arteries in an altered uterine
JZ can induce deferred placentation and subsequent abnor-
mal placentation, which may increase the risk of placenta
previa or preeclampsia in cases of preexisting endometri-
osis [20, 28, 31]. The results obtained in this study showed
a marginal and significant increase of preeclampsia in
women with endometriosis, but this was not significant in
analysis including only singleton birth cases. This finding
suggests a potential effect of multiple pregnancies contrib-
uting to the risk of gestational hypertension and may ex-
plain the discrepancy in the results regarding the risk esti-
mation of preeclampsia among previous studies.

Few studies have previously evaluated the risk of PPH in
women with endometriosis, showing discordant results [9,
15]. Some have found that the occurrence of spontaneous
hemoperitoneum during pregnancy is associated with
preexisting endometriosis, and endometriosis seems to play
a role in the pathogenesis of this condition [20, 32]. With

Table 2 Neonatal outcomes in
the study population from dataset
2

Total (n = 1,765,549) P value

Women without endometriosis
(n = 1,725,741)

Women with endometriosis
(n = 39,808)

Neonatal sex, male (n, %) 886,855 (51.39) 20,629 (51.82) NS

Birth weight kg, (SD) 3.186 (0.49) 3.114 (0.53) < 0.0001

Preterm birth (n, %) 57,832 (3.35) 2,361 (5.93) < 0.0001

LBW (n, %) 83,727 (4.85) 3,346 (8.41) < 0.0001

LGA infants (n, %) 61,393 (3.56) 1,208 (3.03) < 0.0001

NS not significant, SD standard deviation, LBW low birth weight, LGA large for gestational age

P values were obtained using independent t test for birth weight and chi-square test for the other variables

Table 3 Odds ratios with 95% confidence intervals (CIs) of pregnancy
and neonatal outcomes in women with a previous diagnosis of
endometriosis

Crude OR (95% CI) Age-adjusted OR (95% CI)

Multiple pregnancy 3.225 (3.099–3.356) 2.603 (2.500–2.710)

Cesarean section 1.551 (1.522–1.581) 1.326 (1.301–1.351)

Breech presentation 2.545 (1.834–3.530) 2.259 (1.625–3.140)

Preeclampsia 1.217 (1.151–1.286) 1.097 (1.038–1.160)

PPH 1.125 (1.088–1.163) 1.104 (1.068–1.141)

Placental abruption 1.286 (1.137–1.456) 1.192 (1.052–1.349)

Placenta previa 3.355 (3.186–3.532) 2.672 (2.536–2.815)

Stillbirth 1.682 (1.548–1.828) 1.567 (1.441–1.703)

Preterm birth 1.819 (1.743–1.897) 1.657 (1.588–1.729)

LBW 1.800 (1.736–1.866) 1.635 (1.577–1.696)

LGA infants 0.848 (0.801–0.899) 0.832 (0.785–0.882)

PPH postpartum hemorrhage, LBW low birth weight, LGA large for ges-
tational age

Table 4 Odds ratios with 95% confidence intervals (CIs) of pregnancy
and neonatal outcomes in womenwith endometriosis in cases of singleton
births: control (n = 1,855,740) and endometriosis (n = 41,659)

Crude OR (95% CI) Age-adjusted OR (95% CI)

Cesarean section 1.437 (1.409–1.465) 1.237 (1.213–1.262)

Breech 2.659 (1.917–3.689) 2.354 (1.693–3.271)

Preeclampsia 1.128 (1.062–1.198) 1.025 (0.965–1.089)

PPH 1.131 (1.093–1.170) 1.111 (1.074–1.150)

Placenta abruption 1.270 (1.116–1.445) 1.176 (1.034–1.339)

Placenta previa 3.329 (3.155–3.513) 2.659 (2.519–2.807)

Stillbirth 1.690 (1.550–1.842) 1.584 (1.452–1.728)

Preterm birth 1.461 (1.385–1.541) 1.372 (1.300–1.447)

LBW 1.423 (1.360–1.489) 1.338 (1.279–1.401)

LGA infants 0.886 (0.836–0.939) 0.865 (0.816–0.916)

PPH postpartum hemorrhage, LBW low birth weight, LGA large for ges-
tational age

Reprod. Sci. (2020) 27:1175–11801178



respect to possible mechanisms, ectopic endometrial implants
may induce histological changes in decidualization during
pregnancy [20, 32–34], and these decidualized endometriotic
lesions can transform into well-vascularized tissue character-
ized by increased vascular permeability, remodeling, and an-
giogenesis [35]. Therefore, these ectopic endometrial foci lo-
cated near the pelvic vessels could result in vessel rupture and
unpredictable bleeding [20]. This phenomenon may cause
bleeding at the time of birth and during the postpartum period
and could explain the higher rate of PPH in affected women.
Otherwise, the increased risk of PPH in women with endome-
triosis might also be attributable to incomplete placental de-
tachment or a retained placenta secondarily caused by abnor-
mal placentation.

The increased risk of multiple pregnancies in endometriosis
may indicate that more women with endometriosis are seeking
ART for conception. However, the direct effect of ART on the
analyzed outcomes was not assessed because ART is not cov-
ered by the National Health Insurance in our country, and this
could constitute a potential limitation of this study. However,
endometriosis is a common cause of infertility, and studies have
shown that women with endometriosis require ART 10 times
more often than women without the disease [28, 36].

Another limitation of our study was the lack of information
on surgical findings and the stage of endometriosis in the
affected women; thus, the relationship between obstetric out-
comes and disease severity was not determined. In addition,
we could not obtain information regarding anthropometric or
lifestyle parameters such as smoking and alcohol intake from
the database.

Nonetheless, the evaluated population was homogenous
and derived from two datasets of the national cohort program,
which is a strength of the study. Moreover, our data are rep-
resentative of the entire population and free from potential
selection bias, as most (97%) of the population is enrolled
and managed under the centralized KNHI system.

In conclusion, our results indicate that women with a pre-
vious diagnosis of endometriosis have significant perinatal
and neonatal complications, including abnormal placentation,
PPH, stillbirth, PROM, preterm birth, and LBW. These results
underscore the need for health care providers to inform wom-
en with a previous diagnosis of endometriosis about the po-
tential obstetrical complications related to the disease and pro-
vide them with recommendations during the preconception or
antenatal period.
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