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Abstract

Background Endometriosis is a chronic and debilitating disease that can affect the entire reproductive life course
of women, with potential adverse effects on pregnancy. The aim of the present study is to investigate the association
between hypertensive disorders in pregnancy and endometriosis.

Method Relevant articles were searched from the Cochrane Library, PubMed, Scopus and Web of Science

from inception up to December 2023. The full-text observational studies published in English that had a confirmed
diagnosis of endometriosis were included. The case group included pregnant women diagnosed with endometrio-
sis at any stage, while the control group consisted of pregnant women who had not been previously diagnosed
with endometriosis. Two authors extracted and analyzed the data independently. Disagreements were reconciled
by reviewing the full text by a third author. Endnote X9 was used for screening and data extraction. We used fixed
and random effects models in Review Manager 5.3 to analyze the pooled data. The quality of the included studies
was assessed using the Downs and Black checklist.

Results Out of the 9863 articles reviewed, 23 were selected for meta-analysis. According to the results of this study,
there was an association between endometriosis and gestational hypertension (OR=1.11,95% Cl: 1.06, 1.16; > =45%,
P<0.00001; N=38), pre-eclampsia (OR=1.26, 95% Cl: 1.18, 1.36; > =37%, P<0.00001; N=12), and hypertensive disor-
ders in pregnancy (OR=1.13,95% Cl: 1.06, 1.21; > =8%, P=0.0001; N=8).

Conclusions This study confirmed that endometriosis may elevate the risk of developing gestational hypertensive
disorders. Raising awareness of this issue will help to identify effective strategies for screening and early diagnosis
of hypertensive disorders in pregnancy.
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Introduction

Endometriosis is a chronic gynecological disease char-
acterized by the presence and growth of estrogen-
dependent endometrial structures outside the uterine
cavity, particularly on ovaries, fallopian tubes, pelvic per-
itoneum, and uterosacral ligaments [1]. Pelvic pain and
infertility are the most common symptoms of affected
women, occurring in 10-15% of women of reproduc-
tive age [2]. In the diagnosis of endometriosis based on
ESHER guidelines, the presence of clinical symptoms,
along with symptoms detected in clinical examinations
and imaging (MRI and ultrasound) are used, and in case
of suspicion of peritoneal endometriosis, laparoscopy
is used for definitive diagnosis along with histological
examination [3]. Clinical symptoms of endometriosis
include abnormal bowel movements, intestinal dysfunc-
tion, dyspareunia, lower abdominal pain, severe dys-
menorrhea, and infertility [4]. On the other hand, the
prevalence of psychological disorders such as anxiety and
depression is reported high in affected women [5]. Surgi-
cal excision of the lesion is a common treatment method
that can alleviate pain and greatly enhance quality of life
[6]. Of course, in some cases, recurrence of the disease
has been reported [7].

Hypertensive disorders of pregnancy (chronic hyper-
tension, gestational hypertension, and pre-eclampsia)
are so prevalent throughout the world and can lead to
serious consequences for both the mother and the baby
[8]. The global prevalence of this disorder is almost 116
per 100,000 women of reproductive age. However, it var-
ies depending on the region [9]. Current risk factors for
hypertensive disorders include primigravida, increasing
age, pre-pregnancy obesity, twin or multiple pregnancy,
and some chronic diseases like polycystic ovarian syn-
drome (PCOs), overt diabetes, chronic kidney disease
(CKD), and autoimmune disease [10]. Although the rela-
tionship between endometriosis and hypertensive disor-
ders is not clearly defined, these two conditions seem to
follow the same pathophysiological mechanisms.

Endometriosis is known as an immunological and
chronic inflammatory disease [11]. It has been shown
that the concentration of immunological and inflamma-
tory factors such as macrophages, natural killer cells (NK
cells), cytokines, B and T lymphocytes, growth factors,
and angiogenesis stimulants is higher in women with
endometriosis [10, 12], which can impede maternal and
fetal adaptation with the normal changes of pregnancy.
Additionally, a variety of immune cells and mediators
have been associated with the onset of preeclampsia, a
condition in which oxidative stress is linked to activation
of the maternal inflammatory response. Immune cells
such as regulatory T cells, macrophages, NK cells, and
neutrophils are known to contribute significantly to the
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pathology of preeclampsia [13]. The interference caused
by inflammatory and immunological responses can have
a detrimental effect on trophoblast invasion and placen-
tal implantation that occurs by affecting the decidua and
the placenta, which are crucial components of the pro-
cess [14]. Defects in placental invasion or inappropriate
remodeling of uterine spiral arteries can lead to blood
pressure disorders in pregnancy [15]. Therefore, it seems
that inflammatory and immunological factors play a role
in pathogenesis of these two conditions and that they can
affect each other.

However, the evidence regarding the link between
hypertensive disorders of pregnancy and endometriosis
seems to be conflicting. While some studies have shown a
significant association between the two [16], others have
suggested the opposite [17]. Moreover, some have found
no relationship between these two conditions [18]. This
disparity in results may stem from differences in study
methodologies, sample sizes, endometriosis severity and
location, or the presence of selection bias. Therefore, it is
important to elucidate the role of endometriosis as a pre-
dictor of subsequent hypertensive disorders in patients
with endometriosis who conceived spontaneously. The
aim of the current systematic review was to investigate
the potential link between hypertensive disorders during
pregnancy and endometriosis.

Material and methods

Study protocol

This systematic review and meta-analysis of observa-
tional studies was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [19]. The protocol of
this systematic review was registered in PROSPERO (Ref
No: CRD 42024498946).

Search strategy

In this review, we included studies published in data-
bases from inception up to December 2023. Systematic
searches were performed on PubMed, Scopus, Cochrane
Library, and Web of Science using MeSH keywords and
terms. The keywords used were “Endometriosis” along
with “Preeclampsia” and “Hypertension of pregnancy”.

Inclusion and exclusion criteria

The selection of relevant studies was according to the
following inclusion criteria: observational studies (case—
control, cross-sectional, or cohort) and studies pub-
lished in English. Studies written in local languages or
with qualitative, review, and interventional designs, case
report studies, congress presentations, or study pro-
tocols were excluded from this review. Furthermore,
studies without a clear statement about the diagnosis of
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endometriosis, those lacking data on exposure or out-
come, and those whose full text was not available were
also excluded.

All the included studies had a confirmed diagnosis of
endometriosis either by the presence of lesions dur-
ing surgery (with or without histological confirmation),
by imaging modality, or by International Classifica-
tion of Disease (ICD)-coded medical records in women
who conceived spontaneously. Due to the higher risk
of obstetric complications such as pregnancy-induced
hypertension and preeclampsia associated with pregnan-
cies conceived through ART [20], we excluded studies on
these topics in order to eliminate their potential impact
on the relationship between endometriosis and hyperten-
sive disorders. Diagnosis of the gestational hypertension
was defined as a systolic blood pressure of >140 mmHg
or a diastolic blood pressure of>90 mmHg after 20
weeks of gestation or based on definition of International
Classification of Diseases (ICD) 8, 9, 10 codes for gesta-
tional hypertensive disorders or etc.

Study participants

The case group in this study included pregnant women
diagnosed with endometriosis at any stage or severity,
while the control group consisted of pregnant women
who had not been previously diagnosed with endome-
triosis. All the studies included in the review involved
only women who had conceived naturally. Women who
had become pregnant using in vitro fertilization were
excluded from the study.

Types of outcome measures

Outcomes of this study were the hypertensive disorders
of pregnancy including pre-eclampsia and gestational
hypertension.

Study selection and data extraction

FSH and SHF conducted a search on the databases and
screened the titles and abstracts of the search results
based on specific criteria. They independently extracted
data from eligible full texts. In case of any discrepan-
cies or conflicts, a third author was consulted to resolve
the issue. Endnote X9 was used for screening and data
extraction. A table was created for data extraction, and
the following pieces of information were extracted: study
author’s name, study location, study type, participants’
age, sample size of the control and case groups, defini-
tions of PIH and endometriosis, and outcomes.

Assessment of study quality

FSH and SHF evaluated the quality of the studies
included in the research using the checklist of Downs and
Black (1998). The checklist comprised of twenty-seven
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questions that evaluated various areas. It included ten
questions for assessing reporting bias, three for assessing
external validity, seven for evaluating internal validity, six
for assessing selection bias, and one question for assess-
ing the power of the study [21]. The total quality score
was classified as follows: a score of less than 14 was con-
sidered poor, a score between 15 and 19 was considered
fair, and a score more than 20 was considered good [22].

Statistical analysis

We conducted a meta-analysis using Review Man-
ager version 5.4 (RevMan 5.4; Cochrane Collaboration,
Oxford, UK) and set the significance level at less than
0.05. Mean differences (MD) and 95% confidence inter-
vals (95% CI) were used to compare variables between
groups. We used a fixed-effect meta-analysis to combine
the mean differences of each study and demonstrated
effect sizes and 95% CI using forest plots. We measured
heterogeneity using I, where an > value of 0—50% indi-
cated low or moderate heterogeneity, and I*>50% indi-
cated substantial heterogeneity. We used the random
effects model when I>>50%. We conducted a sensitivity
analysis to investigate potential sources of heterogeneity
in case there was statistically significant heterogeneity
across studies. In the sensitivity analyses, we systemati-
cally excluded one study at a time to test the strength of
uncertainty in the meta-analysis [23]. We also statistically
evaluated potential publication biases using funnel plots
and Begg’s and Egger’s tests using STATA [24]. A funnel
plot was used to assess publication bias whenever there
were more than ten studies in the meta-analysis [25].

Results

Study selection

We obtained 14610 publications via the electronic search
strategy (Web of Sciences: 6102; PubMed: 5945; Sco-
pus; 2516; Cochrane Library: 47) from inception to 15
December 2023. Of these publications, 4734 duplicates
were removed, and 9910 were subjected to title and
abstract screening. Thirty articles were selected for eligi-
bility at full-text review of which, 23 were eligible to be
included in this review. Figure 1 shows the flowchart of
the study.

Study characteristics

Description of the studies is shown in Table 1. The
reviewed observational studies included cohort studies
(13 papers), case—control studies (7 papers), and longitu-
dinal design (3 papers). As far as the country of origin of
the studies was concerned, four were performed in Italy
[26-29], three in Japan [30-32], three in China [6, 33,
34], three in Australia [18, 35, 36], two in the UK [17, 37],
two in Denmark [38, 39], two in the USA [40, 41], one
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Identification of studies via databases and registers

Fig. 1 The flow diagram of the systematic review for selection of the studie

in France [42], one in Taiwan [10], one in Sweden [16],
and one in Canada [43]. The number of participants in
the studies varied from 40 to 1,429,585. In all studies,
women of reproductive age were included. The diagnosis
of endometriosis in the included studies was based on the
results of laparoscopy, surgery, diagnosis code of Interna-
tional Classification of Diseases ICD 9—ICD10, or imag-
ing. In this review, 133,941 women with endometriosis
were compared with 8,932,888 healthy women in terms
of hypertensive disorders of pregnancy. Table 2 shows the
definitions of hypertensive disorders and endometriosis
across all included studies.

Records removed before screening:
Records identified from: Duplicate records removed (n
Databases (n =6551) =4734)
c (PubMed:5945; ISI: 6102; Scopus: ) Records marked as ineligible by
;g 2516; Cocrane library: 47) automation tools (n =0)
i Registers (n =0) Records removed for other
= reasons (n =0)
c
[ .
- I
Records screened p| Records excluded
(n=9910) (n =9880)
Regorts sought for retrieval Reports not retrieved
(n=0) _
(n=0)
3 !
=
=
o
g
Regorts assessed for eligibility »| Reports excluded: n=7
(n=30) _
wrong outcomes =5
wrong population= 2
Studies included in review
(n=23)
- Reports of included studies
$ (n=23)
=
[
=

Meta-analysis of outcomes

Gestational hypertension

The relationship between gestational hypertension
and endometriosis was investigated in 8 studies [6, 18,
26, 27, 31, 33, 36, 38]. The evidence showed a positive
and significant statistical relationship between the two
mentioned variables (OR=1.11, 95% CI: 1.06, 1.16;
IP=45%, P<0.0001; N=8) (Fig. 2). Due to the limited
number of papers on the relationship between gesta-
tional hypertension and endometriosis, it was not pos-
sible to generate a funnel plot.
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case Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Berlac 2017 404 11739 18984 6B15533 195% 1.12[1.01,1.24] —

Conti 2015 g 219 7 1331 0.6% 0.62[0.29,1.30) 4

Hadfield 2009 352 3239 23186 205640 18.2% 0.96 [0.86, 1.07] —

lbiebele 2022 1378 13406 50231 556922 B01% 1.16[1.09,1.23] -

Lin 2015 9 249 11 249 0.3% 0.81[0.33,1.99] * >

Liu 2023 19 1026 B0 2783 0.9% 0.86[0.51,1.44] ¢

Mekaru 2014 3 49 4] a9 0.1% 1.23[0.37,4.10) + *

Faorpora, 7 145 16 280 0.3% 0.84 [0.34, 2.09] * >

Total (95% CI) 30072 1382797 100.0% 1.11 [1.06, 1.16] >

Total events 2183 92571

Heterogeneity: Chi®=12.77, df=7 (P =0.08); F= 45% D:? 0 =85 112 155

Test for overall effect: £=4.39 (P = 0.0001) F‘avoursA[case] Fa'«oufs [comroll]

Fig. 2 Forest plot showing the relationship between gestational hypertension and endometriosis between the two case and control group

Pre-eclampsia

Twelve papers reported the relationship between pre-
eclampsia and endometriosis [6, 16—18, 26-28, 30, 35, 38,
39, 42]. As Fig. 3 shows, there is a positive relationship
between pre-eclampsia and endometriosis (OR=1.27,
95% CI: 1.23, 1.32; I*=67%, P<0.00001; N=12). Because
of high heterogeneity, we performed sensitivity analysis.
By removing the effect of three studies [17, 18, 42] on
the overall results, heterogeneity reached 44%, and still,
the evidence indicated a statistically significant posi-
tive relationship between endometriosis and preeclamp-
sia (OR=1.26, 95% CI: 1.18, 1.36; ’=37%, P<0.00001)
(Fig. 4). Based on this, the chance of developing pre-
eclampsia in the case group is 1.26 times that of the
control group. In other words, the chance of developing
pre-eclampsia in the case group is 26% higher than that in
the control group. The distribution of points in the fun-
nel plot (Fig. 5) as well as the Egger test results in Table 3
show that there is no publication bias (P-value=0.808).

Hypertensive disorders

Eight papers [10, 29, 32, 34, 37, 40, 41, 43] assessed the
overall occurrence of hypertensive disorders (com-
bined gestational hypertension-preeclampsia) in women
affected with endometriosis. The meta-analysis showed
a statistically significant relationship between hyperten-
sive disorders and endometriosis with high heterogene-
ity (OR=1.17, 95% CI: 1.12, 1.22; =93%, P<0.00001;
N=38) (Fig. 6). To reduce heterogeneity, we omitted the
effect of two papers [10, 40] on the overall results. Heter-
ogeneity reached eight percent, and a statistically signifi-
cant relationship between the two variables was identified
(OR=1.13, 95% CI: 1.06, 1.21; I*=8%, P=0.0001) (Fig. 7).
In other words, the chance of developing hypertensive
disorder in the case group is 13% higher than that in
the control group. A funnel plot could not be generated

due to the limited number of papers on the relationship
between hypertensive disorders and endometriosis.

Assessment of the risk of bias within studies

The quality assessment of the included studies is shown
in Table 4. The median total quality score was 16 which
represented moderate quality.

Discussion

This systematic review aimed to evaluate the correlation
between hypertensive disorders in pregnancy and endo-
metriosis. We included 23 observational studies which
had a moderate quality score on average. The pooled
evidence in this meta-analysis showed that the odds of
gestational hypertension and preeclampsia were higher
in women with endometriosis when compared to those
without endometriosis. Endometriosis is an important
cause of infertility. Pathophysiological speaking, it is
expected to affect pregnancy outcomes [14]. Hormo-
nal and inflammatory changes that occur in pregnancy
are essential to ensure proper decidualization and pla-
centation. In addition, these changes are also necessary
to maintain pregnancy and active labor at term. Simi-
larly, in endometriosis, there are hormonal changes and
inflammatory factors that can overlap with pregnancy
changes, ultimately causing disruption in pregnancy pro-
cesses [44]. Cytokines, proteases, and matrix metallo-
proteinases play a major role in proper decidualization,
which is necessary for successful blastocyst implanta-
tion. In endometriosis, inflammatory pathways that
are regulated by decidua cells may be changed, which
could lead to impaired proper trophoblast invasion and
implantation [44]. Studies conducted on the relation-
ship between endometriosis and hypertension disorders
have yielded conflicting results. Similar to our findings,
a systematic review by Breintoft et al. (2021) showed that
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Case Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Berlac 2017 488 11739 23625 615533 166% 1.32[1.21,1.44] —
Brosens 2007 2 245 16 274 0.3% 0.13[0.03,0.58 +—
Conti 2015 ] 219 16 1331 0.1% 1.92 [0.70,5.30] +
Epelboin 2021 679 31101 64288 4083732 188% 1.40[1.29,1.81] —
Gehremedhin, 1468 19476 54098 893271 42.23% 1.26[1.20,1.33] -
Glavind 2017 89 1719 3518 81074 27% 1.20[0.57,1.49] I
Hadfield 2009 103 3239 G564 205640 3.9% 1.00[0.82,1.21] S
Harada 2016 a 330 281 a856 0.4% 0.76[0.37,1.54] #
Liu 2023 38 1026 61 2783 0.6% 1.72[1.14, 2.59] _—*
Porpora, 3 145 2 280 0.0% 2.94[049 17.79) * *
Scala 20149 g 40 B a0 01% 3588[1.17,10.92] E—
Stephansson 2009 441 13090 41377 1429585 14.3% 1.17 [1.06,1.29] —
Total (95% CI) 82369 7322439 100.0% 1.27[1.23,1.32] L 2
Total events 3433 193853
Heterogeneity: Chi®= 33.33, df=11 (P = 0.0005); F=67% D:? IZH:%S 112 115
Test for overall effect: £=13.58 (P = 0.00001) Fa\fours [base] Favoﬁrs [cont-ml]

Fig. 3 Forest plot showing the relationship between pre-eclampsia and endometriosis between the two case and control group

Case Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Berlac 2017 588 11739 23625 615533 271% 1.32[1.21,1.44] —=
Brosens 2007 2 245 16 274 0.0% 0.13[0.03, 0.58]
Conti 2015 5 219 16 133 0.5% 1.92 [0.70,5.30] +
Epelhoin 2021 679 31101 &64288 4083732 0.0% 1.401[1.28,1.51]
Gehremedhin, 1468 19476 54098 893271 345% 1.26[1.20,1.33] -
Glavind 2017 89 1719 35189 81074 8.9% 1.20[0.97,1.49] I e —
Hadfield 2009 103 3239 6564 205640 0.0% 1.00[0.82,1.21]
Harada 2016 8 330 281 88456 1.0% 0.76[0.37,1.54] +
Liu 2023 38 1026 61 2783 2.9% 1.72[1.14, 2.59] _—*
Forpara, 3 145 2 280 0.2% 2.94[0.49,17.78] + *
Scala 20149 g 40 3 a0 0.4% 3A88[1.17,10.92] EE—
Stephansson 2009 441 13080 41377 1428585 245% 1.17 [1.06,1.29] —
Total {95% CI) 47784 3032793 100.0% 1.26 [1.18, 1.36] <
Total events 2649 122984
Heterogeneity: Tau®= 0.00; Chi*=12.75, df=8{P=012); F= 37% IZII? 0 =85 1*2 155
Test for overall effect. £=6.35 (P = 0.00001) Fa.vours fcase] Favoﬁrs [confrol]

Fig. 4 Forest plot of sensitivity analysis showing the relationship between pre-eclampsia and endometriosis between the two case and control

group

endometriosis due to placental dysfunction is associated
with an increased risk of adverse pregnancy outcomes
including gestational hypertension and preeclampsia
[45]. Although our study focused on women who con-
ceived spontaneously, the population in Breintoft et al.
consisted of all women who conceived with ART or
spontaneously. Also, the number of included studies was
small in the mentioned study.

A large population-based cohort study confirmed that
there is a higher risk of preeclampsia in women with
endometriosis compared to those without endometriosis
[35]. It included a very large sample size, and its results

support a significant association of endometriosis with
an increased risk of preeclampsia and other outcomes
including placenta previa and preterm birth. However,
the results of a systematic review including more than
one million women showed that endometriosis had no
relationship with gestational hypertension or preeclamp-
sia [46]. This is probably due to the limitations noted in
that study, namely a) inconsistently adjusted confounding
factors that applied among the multiple sets of data and
b) diagnosis and management of pregnancy complica-
tions that could differ across the studies. In addition, in
the mentioned review, the participants were women who
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Fig. 5 Funnell plot of included studies to assess the potential publication bias

Table 3 Egger test results for publication bias

Beta (SE) V4 P-value

Egger test for pre-eclampsia -0.11(047) -0.24 0.808

had become pregnant after in vitro fertilization (IVF),
but our study included women who had become preg-
nant spontaneously. Conversely, a cohort study involv-
ing 787,449 women with singleton pregnancies showed
that endometriosis was associated with an increased
risk of hypertensive disorders during pregnancy [43].

This finding may be explained by the fact that in women
with endometriosis, changes in cytokines and thicker
junctional zones of the myometrium cause inappropri-
ate trophoblast invasion [44, 47]. Since the conversion
of spiral arteries in the myometrial junctional zone is a
necessary process for the formation of normal placenta,
various characteristics of the junctional zone of endome-
triosis patients can cause abnormal placental function
and thus increase the risk of pregnancy-induced hyper-
tension disorders [47, 48].

This study has a significant strength because of the
large number of studies reviewed and the large number

Case Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Farland 2018 541 5665 8730 131970 20.2% 1.49[1.36, 1.63] =
Farland 2022 213 1347 9440 64428 101% 1.09[0.94,1.27] T
Miura, 4 a0 187 26849 0.3% 0.70[0.25,1.95]
Fan 2017 168 10312 100 2578 4.9% 0.41[0.32, 0.53] e
Saraswat 2017 350 5374 452 8280 10.3% 1.21[1.04,1.39] —
Uccella 20149 13 118 45 1690 0.4% 1.959[1.08, 3.67]
Yelez 2022 1042 19099 37660 768350 53.6% 1.12[1.058,1.19] |
Xie 2023 10 188 11 188 0.3% 0.90[0.37, 2.18]
Total {95% Cl) 42184 980173 100.0% 1.17[1.12,1.22] +
Total events 234 6679
Heterogeneity: Chi®=100.79, df=7 (P = 0.00001); F=93% IZI=5 D{? 115 é
Test for overall effect Z=6.63 (P = 0.00001} Favéurs [éase] FavoLirs [control]

Fig. 6 Forest plot showing the relationship between hypertensive disorders and endometriosis between the two case and control group
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Case Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Farland 2019 541 5665 8730 131870 0.0% 1.49[1.36, 1.63]
Farland 2022 213 1347 9440 64428 17.2% 1.08 [0.94,1.27] ™
Miura, 4 a0 187 26849 0.4% 0.70[0.25,1.95]
Pan 2017 168 10312 100 2578 0.0% 0.41[0.32,0.53]
Saraswat 2017 350 5375 452 8280 18.0% 1.21 [1.04,1.39] —
Uccella 2019 13 118 e Le] 1690 1.1% 1.99 [1.08, 3.67]
Welez 2022 1042 19099 37660 7E8350 B28% 1.12[1.051.19] [ |
Hie 2023 10 188 11 188 0.5% 0.90[0.37,2.18]
Total (95% CI) 26207 845625 100.0% 1.13 [1.06, 1.21] L
Total events 1632 47849
Heterageneity: Tau®= 0.00; Chi*= 5.43, df= 5 (P = 0.37); F= 8% |J=5 Dl? 155 é
Test for overall effect: £=3.80 (P =0.0001) Favdurs [éase] Favoﬁrs [control]

Fig. 7 Forest plot of sensitivity analysis showing the relationship between hypertensive disorders and endometriosis between the two case

and control group

Table 4 Quality assessment of the articles reviewed

Study ID (Author, Year) Clarity External validity Internal validity Power Total score
Bias Confounding

Brosens et al. 2007 [17] 9 3 3 2 0 17
Berlac et al. 2017 [38] 7 3 3 3 0 16
Conti et al. 2015 [26] 7 2 3 2 0 14
Epelboin et al. 2021 [42] 9 3 3 3 0 18
Farland et al. 2019 [40] 9 3 4 3 0 19
Farland et al. 2022 [41] 9 3 4 3 0 19
Gebremedhin et al. 2023 [35] 8 3 3 3 0 17
Glavind et al. 2017 [39] 8 3 3 4 0 18
Hadfield et al. 2009 [18] 7 3 3 2 1 16
Harada et al. 2016 [30] 8 3 3 3 0 17
Ibiebele et al. 2022 [36] 9 3 3 3 1 19
Linetal. 2015 [33] 9 1 3 2 0 15
Liu et al. 2023 [6] 7 3 4 2 0 16
Mekaru et al. 2013 [31] 7 1 4 2 1 15
Miura et al. 2019 [32] 9 3 4 3 0 19
Pan et al. 2017 [10] 9 3 4 3 1 21
Saraswat et al. 2016 [37] 9 3 4 3 1 21
Stephansson et al. 2009 [16] 9 3 4 3 1 20
Porpora et al. 2020 [27] 7 1 4 2 0 14
Scalaetal. 2019 [28] 9 0 3 2 0 15
Uccella et al. 2019 [29] 5 0 3 1 0 9
Velez et al. 2022 [43] 9 3 3 3 1 19
Xie et al. 2023 [34] 8 2 4 3 1 18
Mean range 16

of participants recruited, which increases the reliability
of the conclusions. The accuracy of data was improved
due to the absence of publication bias. Also, the diagno-
sis of endometriosis was confirmed in most cases using
surgery and laparoscopy. To maintain consistency in the

study results, we only included women who conceived
naturally and excluded those who conceived through IVFE.

Despite these strengths, this study had a number of
limitations. Unfortunately, there was insufficient data
in most studies to perform subgroup analysis based on
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endometriosis extension, clinical severity, duration of the
illness, staging, and women’s age and parity, which could
be considered as confounding factors. Additionally, about
50% of pregnant women with ovarian or deep endometri-
osis may be unaware of their condition [49]. As a result,
there could be a significant number of women with endo-
metriosis who are misdiagnosed due to lack of awareness
about their condition, potentially impacting research
results. It is important to note that adenomyosis, a con-
dition related to endometriosis where the endometrium
invades the myometrium, was not taken into account in
this review. In addition, the study with the greatest sig-
nificance in this meta-analysis was the one conducted by
Ibiebele et al. (2022) [36], which established a strong and
positive relationship between gestational hypertension
and endometriosis. Other studies included in the analysis
did not demonstrate a significant relationship between
the two conditions. Therefore, more high-quality studies
are needed to prove the relationship between these two
medical conditions.

Conclusion and recommendations

Our results showed that the odds of gestational hyperten-
sion and preeclampsia were higher in women with endo-
metriosis compared to those without endometriosis. This
finding help physicians to apply effective strategies for
the screening and early diagnosis of hypertensive disor-
ders in pregnancy, which could reduce the risk of mater-
nal and fetal morbidity during pregnancy. However, we
recommend that more high-quality studies be conducted
to prove the relationship between gestational hyperten-
sion and endometriosis. Also, there is a need to conduct
longitudinal observational studies to investigate the effect
of endometriosis on hypertensive disorders based on
the severity, staging, and location of endometriosis. The
effect of endometriosis on spontaneous versus induced
pregnancies with assisted reproductive methods should
also be compared and examined.
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