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Early-life factors, in-utero exposures and
endometriosis risk: a meta-analysis
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KEY MESSAGE

This meta-analysis evaluates the available data regarding the effects of early-life factors on risk of developing
endometriosis in adult life. Six studies including a total of 2360 women affected by endometriosis were
analysed. Prematurity, birthweight, formula feeding and diethylstilboestrol use were risk factors for the
development of endometriosis in adult life.
ABSTRACT

This meta-analysis aimed to offer a general picture of the available data on the effects of early-life factors on the
risk of developing endometriosis in adult life. An advanced, systematic search of the online medical databases
PubMed, EMBASE and CINAHL was limited to full-length manuscripts published in English in peer-reviewed journals
up to February 2019. Log of relative risk (RR) was employed to calculate the pooled effect sizes using both fixed
and random effects modelling and I-squared tests to assess heterogeneity. Funnel plots were used to investigation
publication bias. The meta-analysis was registered in PROSPERO (ID CRD42019138668). Six studies that included a
total of 2360 women affected by endometriosis were analysed. The pooled results showed that the risk of developing
endometriosis in adult life was significantly increased by being born prematurely (logRR 0.21, 95% CI –0.03 to
0.40), having a low birthweight (logRR 0.35, 95% CI –0.15 to 0.54), being formula-fed (logRR 0.65, 95% CI –0.35
to 0.95) and having been exposed to diethylstilbestrol (DES) in utero (logRR 0.65, 95% CI 0.26 to 1.04. Among
intrauterine and early neonatal exposures, prematurity, birthweight, formula feeding and DES were risk factors for the
development of endometriosis in adult life.
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INTRODUCTION

T

he origin of endometriosis
is still controversial (Patel
et al., 2015; Vercellini et al.,
2014). Despite several efforts
to investigate this issue, there is still a
lack of strong epidemiological evidence
on the risk factors for the disease.
One of the most plausible pathogenic
mechanisms is retrograde menstruation
(Vigano et al., 2009). In accordance with
this suggestion, lifestyle factors able to
increase the number of menstrual events,
such as nulliparity, short menstrual cycle
length and early menarche, have been
associated with the disease (Cramer
and Missmer, 2002; Eskenazi and
Warner, 1997; Missmer et al., 2004a).
Moreover, there is increasing evidence
for a genetic component for the disease,
as confirmed by family and twin studies
demonstrating a heritability model similar
to that of other complex diseases, and by
the results of genome-wide association
studies (Barker et al., 1992; Rahmioglu
et al., 2014; Sapkota et al., 2017; Vigano
et al., 2007).
In the last few decades, there has been
a growing interest in the impact of
the uterine environment on the adult
onset of chronic disease. According to
the Barker hypothesis, often called the
‘developmental origins of adult disease’
hypothesis, some adult diseases may be
the result of a suboptimal environment
during fetal life (Barker and Osmond,
1986; Barker et al., 1992). This model has
been proved to be valid for cardiovascular
disease and diabetes, and a role for
this pathogenetic mechanism has also
been claimed for other disorders such
as obesity, testicular and breast cancer
and psychiatric disorders (Grotmol
et al., 2006; Rinaudo and Lamb, 2008;
Swanson et al., 2009; Tamashiro and
Moran, 2010). Endometriosis may also
fit this model, although evidence on this
topic is still inconsistent. Several studies
have analysed the association between
early-life factors and the risk of developing
endometriosis in adult life, showing an
association between prematurity, low
birthweight (LBW), formula feeding and
risk of endometriosis. However, the
results on this topic are conflicting (Buck
Louis et al., 2007; Missmer et al., 2004b;
Somigliana et al., 2011; Wolff et al., 2013).
To offer a general picture of the available
data, a meta-analysis was conducted
of published studies focusing on the

impact of early-life factors on the risk of
developing endometriosis in adult life.

MATERIALS AND METHODS
The study protocol was registered a priori
and accepted for inclusion in PROSPERO
(PROSPERO ID CRD42019138668).
The methods for this meta-analysis were
developed in accordance with the Preferred
Reporting Item for Systematic Reviews and
Meta-analysis (PRISMA) guidelines (Moher
et al., 2009). No Institutional Review Board
approval was needed.
Search strategy and selection of
studies
An advanced, systematic search of the
online medical databases PubMed,
EMBASE and CINAHL was performed,
limited to full-length manuscripts
published in peer-reviewed journals up
to February 2019, and was limited to
articles written in English. The search
terms were selected in consultation with
an experienced librarian and included a
combination of the following keywords:
‘endometriosis’, ‘early life factors’, ‘in
utero exposures’, ‘in utero environment’,
‘birthweight’, ‘low birthweight’,
‘soy formula feed’, ‘preterm birth’,
‘longitudinal’, ‘prospective’, ‘cohort’ and
‘epidemiology’. Different combinations
were used in an attempt to balance the
sensitivity and specificity of the literature
search. To maximize the search output,
specific tools available in each database
were included, namely MeSH terms
(PubMed), Emtree phrases (EMBASE) or
CINAHL headings (CINAHL). After the
database search, duplicates were removed
using EndNote software (https://endnote.
com), and all remaining citations were
screened using titles and abstracts for
eligibility. Full texts were then retrieved for
those articles deemed eligible, of which
only those meeting the inclusion criteria
were included in the analysis. If there was
uncertainty about whether a study should
be included, this was resolved through
discussion between two reviewers (P.V and
J.O.). The reference lists of the included
studies were manually scanned to identify
any additional relevant studies.
Outcome measures
The main question of interest was the
relationship between early-life factors and
endometriosis. In this regard, analyses
were conducted to determine the effect
of birthweight, preterm birth, formula
feeding and diethylstilbestrol (DES) on
the risk of developing endometriosis in

adult life. These four outcome measures
were selected as they were consistently
evaluated in the articles retrieved.
Inclusion criteria
Inclusion parameters were predefined
according to the aim of the current study.
The following criteria were used when
screening the citations for eligibility. First,
the citations should include an estimate
of relative risk (RR) (i.e. odds ratio [OR]
or hazard ratio [HR] and 95% confidence
interval [CI]) for the association between
the traits investigated (birthweight,
preterm birth, feeding and DES) and
endometriosis in women. Studies that
reported the appropriate information
for calculating the RR estimate were
also included. Second, all women with
endometriosis had to have histological
confirmation of the disease. Third, the
study design was to be limited to a
retrospective case-control or longitudinal
cohort design. Finally, papers were
excluded if it was not possible to obtain
a comparable estimation of effect size or
during the sensitivity analysis.
Data extraction
All articles were reviewed and the
following data were extracted and checked
for consistency by an independent
reviewer (D.G.) using a standardized
extraction sheet: (i) age of the sample,
(ii) study site, (iii) sample size, (iv) length
of follow-up of cohort (for longitudinal
studies), (v) exposure, (vi) exposure
measure, (vii) outcome type, and (viii)
outcome measure. For each study,
estimates of risk were extracted, including
unadjusted and adjusted odds ratios and
hazard ratios for endometriosis.
Assessment of risk of bias
Three review authors (J.O., M.S. and L.B.)
independently assessed the risk of bias
for each study, using the risk of bias tool
for case-control studies developed by the
Clinical Advances through Research and
Information Translation (CLARITY) group
(Benford et al., 2018). The risk of bias
was assessed according to the following
domains:
1 Is it possible to be confident of the
assessment of exposure?
2 Is it possible to be confident that
cases had developed the outcome of
interest, and controls had not?
3 Were the cases properly selected?
4 Were the controls properly selected?
5 Were cases and controls matched
according to important prognostic
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variables, or was statistical adjustment
carried out for those variables?
Disagreements were resolved by
discussion. Each potential source of bias
was graded as ‘Definitely yes’ (low risk
of bias), ‘Probably yes’ (moderate risk of
bias), ‘Probably no’ (serious risk of bias)
and ‘Definitely no’ (critical, high risk of
bias). The risk of bias judgements was
summarized across different studies for
each of the domains listed.
Data analysis
Data were extracted from the eligible
studies for each defined outcome. Risk
estimates were transformed to produce
a log relative risk and used to calculate
the pooled effect sizes using both fixed
and random effects modelling and
I-squared tests to assess heterogeneity.
Restricted maximum likelihood was used
as a random effects model estimator.
Hartung–Knapp adjustment was applied
in random effects models (Knapp

and Hartung, 2003). Funnel plots
were used to investigate publication
bias. Asymmetry of funnel plots was
detected by weighted regression with
a multiplicative dispersion term and
standard error as a predictor (Egger
et al., 1997; Jin et al., 2015; Peters
et al., 2008; Sterne and Egger, 2001).
Meta-analysis was conducted using R
software and the R package ‘metafor’ (R
Foundation, Austria).

RESULTS
Literature search
A flow diagram of the systematic review
(PRISMA template) is shown in FIGURE 1.
A total of 98 trials were initially identified
using the search criteria. After applying
the selection criteria, a total of six trials
(Borghese et al., 2015; Missmer et al.,
2004b; Somigliana et al., 2011; Upson
et al., 2015; Vannuccini et al., 2016; Wolff
et al., 2013) were included in the metaanalysis. The risks of bias in the included

FIGURE 1 Flow diagram of the search strategy and screening, eligibility and inclusion criteria.
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studies are summarized in Supplemental
Figure 1.
Description of studies
The total number of participants from
all studies included in this meta-analysis
was 4170, 2360 of whom were affected
by endometriosis. Four studies (Borghese
et al., 2015; Somigliana et al., 2011;
Upson et al., 2015; Vannuccini et al.,
2016) were case-control studies, one
(Missmer et al., 2004b) was a prospective
cohort study, and one (Wolff et al., 2013)
was a matched exposure cohort study.
Details of the characteristics of the
selected studies are shown in TABLE 1.
Somigliana and colleagues included 91
women with a first laparoscopic diagnosis
of endometriosis and 82 controls who
underwent laparoscopy but were found
to be free of the disease (Somigliana
et al., 2011). The study conducted
by Wolff and co-workers enrolled an
operative cohort comprising 473 women
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TABLE 1 MAIN CHARACTERISTICS OF INCLUDED STUDIES
Study

Design

Data collection

Participants

Missmer
Prospective
et al. (2004b) cohort study

Self-reported
questionnaire
to patients and
mothers

Somigliana
et al. (2011)

Case-control
study

Wolff et al.
(2013)

Inclusion criteria

Exclusion criteria

Outcomes

1226 incident cases Endometriosis confirmed by LPS
of laparoscopically
Premenopausal
confirmed endome- Intact uteri
triosis

Diagnosis of endometriosis or
history of infertility prior to the
reference date
Prior cancer diagnosis

Birthweight
Preterm birth
DES exposure
Feeding

Self-reported
questionnaire
to patients and
mothers

91 cases, 82
controls

Endometriosis confirmed by LPS
Mother alive
Age 20–45 years
Caucasian origin
Italian citizenship

Patients adopted
Mother unavailable for
interview
Previous surgery for endometriosis
Müllerian obstructive abnormalities
Malignant pathologies
Adenomyosis
Current pregnancy
Diagnosis of pelvic inflammatory disease
Menopause

Preterm birth
Birthweight
Feeding

Matched
exposure cohort design

Self-reported
questionnaire to
patients

473 women undergoing LPS/LPT,
population cohort
of 127 women
undergoing pelvic
MRI

Women scheduled for LPS/LPT
No history of laparoscopically
confirmed endometriosis
Currently menstruating
Resident within the geographical
areas served by the clinical sites
Age 18–44 years
Not currently breastfeeding for
≥6 months
No injectable hormonal treatment
within the past 2 years
No history of cancer (except
non-melanomatous skin cancer)

NA

Preterm birth
Birthweight

Upson et al.
(2015)

Case-control
study

Self-reported
questionnaire to
patients

310 cases,
727 controls

Endometriosis confirmed by surgery with histological confirmation
when available
Age 18–49 years
Intact uterus
At least one ovary

Diagnosis of endometriosis
prior to the reference date
Post-menopausal
Endometriosis not surgically
confirmed

DES exposure
Feeding
Preterm birth
Birthweight

Borghese
et al. (2015)

Case-control
study

Self-reported
questionnaire to
patients

368 cases, 375
controls

Age <42 years
Histologically proven endometriosis

Normal intrauterine pregnancy
Diagnosis of cancer
Incomplete surgical excision of
endometriotic lesions
Absence of histologically confirmed endometriosis
Absence of birthweight data

Birthweight

Vannuccini
et al. (2016)

Case-control
study

Self-reported
questionnaire
to patients and
mothers

161 cases, 230
controls

Histologically confirmed endometriosis
Caucasian origin
Italian citizenship
Age 21–45 years
Mother alive

Cases lacking validated review
Cases whose mothers could
not be contacted

Birthweight
Preterm birth
Feeding

DES, diethylstilbestrol; MRI, magnetic resonance imaging; NA, not available; LPS, laparoscopy; LPT, laparotomy.

undergoing surgery and an age- and
residence-matched population cohort
comprising 127 women undergoing
pelvic magnetic resonance imaging. The
incidence of endometriosis was 40%
(n = 190) in the operative cohort and
11% (n = 14) in the population cohort
(Wolff et al., 2013). The prospective
cohort study conducted by Missmer
and colleagues reported 1226 cases of
laparoscopically confirmed endometriosis
(Missmer et al., 2004b). Vannuccini
and colleagues enrolled in their casecontrol study a group of 161 women
with endometriosis and a control group
of 230 women who were undergoing

laparoscopy for benign adnexal diseases
and were free of endometriosis
(Vannuccini et al., 2016). Upson and coworkers included 310 women diagnosed
for the first time with endometriosis
and 727 women without endometriosis
randomly selected from a healthcare
system population (Upson et al., 2015),
while Borghese and collaborators
designed a case-control study involving
368 patients with histologically proven
endometriosis and 375 patients without
endometriosis (Borghese et al., 2015).
Data were recorded by asking patients
to answer questionnaires about their

mothers’ gynaecological and obstetric
data and their own perinatal and
post-natal data (Borghese et al., 2015;
Upson et al., 2015; Wolff et al., 2013)
or, additionally, by administering a
supplemental questionnaire to patients’
mothers (Missmer et al., 2004b;
Somigliana et al., 2011; Vannuccini et al.,
2016).
All the included studies assessed the
influence of birthweight on the risk of
developing endometriosis in adult life.
Preterm birth was investigated in five
out of the six studies included (Missmer
et al., 2004b; Somigliana et al., 2011;
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Upson et al., 2015; Vannuccini et al.,
2016; Wolff et al., 2013). Two studies
did not evaluate the influence of feeding
as a risk factor (Borghese et al., 2015;
Wolff et al., 2013), while only two studies
assessed the relationship between
exposure to DES and risk of development
of early endometriosis in adult life
(Missmer et al., 2004b; Upson et al.,
2015).
Preterm birth
Somigliana and co-workers and Missmer
and colleagues failed to document
any statistically significant association
between prematurity and incidence of
endometriosis (Missmer et al., 2004b;
Somigliana et al., 2011). Reduced
odds of endometriosis diagnosis were
observed for preterm delivery by Wolff
and colleagues (OR 0.98, CI 95% –0.47
to 2.03) (Wolff et al., 2013). In contrast,
Vannuccini's team reported a higher
incidence of preterm birth in women
delivering a child who later developed
endometriosis (OR 4.55, 95% CI –2.05
to 10.1) (Vannuccini et al., 2016). Similar
results were achieved by Upson and
colleagues (OR 1.7, 95% CI –0.9 to 3.1)
(Upson et al., 2015).
All of these studies except one were
eligible for inclusion in the meta-analysis.
More specifically, the effect size reported
by Vannuccini and co-workers was
extremely different from that reported
by other studies. Hence, following a
sensitivity analysis and a random effects
model analysis, that study was excluded
to reduce heterogeneity and avoid
misleading results, in order to obtain a
robust estimation of pooled effects of
preterm birth on the risk of developing
endometriosis.
Overall, the pooled result from the fixed
effects model showed that preterm
birth significantly increased the risk of
developing endometriosis (logRR 0.21,
95% CI –0.03 to 0.40), with nonsignificant heterogeneity among the
studies (P = 0.72). The forest plot for
preterm birth is shown in FIGURE 2A. No
obvious publication bias was found by a
visual inspection of the funnel plot (FIGURE
2B). Regression testing for funnel plot
asymmetry was additionally used to detect
a publication bias among the studies
included in the meta-analysis. Regression
tests indicated no significant publication
bias in the meta-analysis assessing the
effect of preterm birth on the risk of
developing endometriosis (P = 0.87).

Low birthweight
Somigliana and colleagues failed
to detect any association between
endometriosis and birthweight (adjusted
OR [aOR] 0.94, 95% CI –0.45 to 1.97)
(Somigliana et al., 2011). A higher odds of
an endometriosis diagnosis was observed
for LBW in the study by Wolff and coworkers (aOR 1.10, 95% CI –0.92 to 1.32)
(Wolff et al., 2013). Similarly, Missmer and
collaborators observed a linear increase
in the rate of endometriosis diagnosis
with decreasing birthweight (RR 1.3 for
a birthweight of 5.5 pounds/24.9 kg
versus 7.0–8.4 pounds/3.2-38.1 kg; 95%
CI –1.0 to 1.8) (Missmer et al., 2004b).
Vannuccini and colleagues reported
that the birthweight of women with
endometriosis was significantly lower than
that of control subjects (P = 0.0010),
with a higher rate of LBW neonates
<2500 g (OR 2.87, 95% CI –1.35 to 6.12)
(Vannuccini et al., 2016). Borghese and
colleagues reported similar results, with
a higher risk of endometriosis for LBW
neonates below 2500 g (aOR 1.7, 95%
CI –1.0 to 2.6) (Borghese et al., 2015).
Conversely, Upson and co-workers
observed a stronger association between
a birthweight of 4090 g or more (vs 2500
to <4090 g) (OR 1.5, 95% CI –0.8 to 2.6)
and endometriosis (Upson et al., 2015).
The pooled result from the fixed effects
model showed that LBW significantly
increased the risk of developing
endometriosis (logRR 0.35, 95% CI
–0.15 to 0.54), with non-significant
heterogeneity among the studies
(P = 0.29). The forest plot for LBW
is shown in FIGURE 3A. No obvious
publication bias was found on visual
inspection of the funnel plot (FIGURE 3B),
and regression testing for funnel plot
asymmetry was further used to detect
publication bias among the included
studies. Regression tests indicated no
significant publication bias in the metaanalysis assessing the effect of LBW on
the risk of developing endometriosis
(P = 0.89).
DES exposure
Associations between endometriosis and
in-utero DES exposure were assessed
in two studies (Missmer et al., 2004b;
Upson et al., 2015). Missmer and
collaborators reported an incidence rate
of endometriosis that was 80% greater
among women exposed to DES in utero
(RR 1.8, 95% CI –1.2 to 2.8) (Missmer
et al., 2004b). Similarly, Upson and coworkers demonstrated an increased risk
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of endometriosis with maternal use of
DES (OR 2.0, 95% CI –0.8 to 4.9) (Upson
et al., 2015).
The pooled result from the fixed effects
model showed that DES significantly
increased the risk of developing
endometriosis (logRR 0.65, 95% CI
0.26 to 1.04), with non-significant
heterogeneity among the studies
(P = 0.98). The forest plot for DES
exposure is shown in FIGURE 4.
Feeding
Few studies have compared breastfeeding
with formula feeding with regard to
their impact on the development of
endometriosis later in life. The study
conducted by Somigliana and colleagues
failed to detect any association between
endometriosis and breastfeeding
(Somigliana et al., 2011). Conversely,
Missmer and co-workers observed a
small decrease in risk among women
who had been breastfed (RR 0.9, 95%
CI –0.8 to 1.0) (Missmer et al., 2004b).
Vannuccini and co-workers reported a
significant association between formula
feeding and the risk of developing
endometriosis (OR 1.98, 95% CI –1.12 to
3.52) (Vannuccini et al., 2016). Similarly,
Upson and colleagues showed a strong
association between exposure to regular
soy formula feeding during infancy and
risk of endometriosis (OR 2.9, 95% CI
–1.2 to 6.9) (Upson et al., 2015).
The aforementioned studies, excluding
the work of Missmer's team, were eligible
for inclusion in the meta-analysis. The
data from Missmer and collaborators
were excluded on the basis of statistical
heterogeneity, which affected the
sensitivity analysis and influenced the
pooled effects of feeding on the risk
of developing endometriosis (Missmer
et al., 2004b). Overall, the pooled result
from the fixed effects model showed that
formula feeding significantly increased
the risk of developing endometriosis
(logRR = 0.65, 95% CI –0.35 to 0.95),
with non-significant heterogeneity among
the studies (P = 0.41). The forest plot for
the effect of formula feeding in favouring
endometriosis is shown in FIGURE 5A.
No obvious publication bias was found
in the visual inspection of the funnel
plot (FIGURE 5B), and regression testing
for funnel plot asymmetry detected a
publication bias among the included
studies. Regression tests indicated no
significant publication bias for metaanalyses of assessing the effect of feeding
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FIGURE 2 (A) Forest plot for preterm birth, showing a significantly increased risk of developing endometriosis, with non-significant heterogeneity

among the studies (I2 = 0%; Q = 1.32 [df = 3]; P = 0.72). (B) Funnel plot used to evaluate publication bias for studies investigating preterm birth
as a risk factor for the likelihood of developing endometriosis. No obvious publication bias was found in a visual inspection of the funnel plot.
FE model = fixed-effects model.

on risk of developing endometriosis
(P = 0.19).

DISCUSSION
Assessing how intrauterine environment
influences health outcomes in
the offspring is a challenging task.
However, a few studies have tested the
hypothesis that intrauterine factors
may increase the risk of developing
endometriosis in adult life (Borghese
et al., 2015; Missmer et al., 2004b;

Somigliana et al., 2011; Upson et al.,
2015; Vannuccini et al., 2016; Wolff
et al., 2013). The current metaanalysis revealed an increased risk of
endometriosis presenting in adult life
in cases of prematurity, LBW, exposure
of the infant to formula feeding and
maternal DES use.
Three studies reported that being
delivered preterm was not a risk factor
for endometriosis (Missmer et al., 2004b;
Somigliana et al., 2011; Wolff et al., 2013)

and one even reported decreased odds
of disease (Wolff et al., 2013), while two
studies observed a higher incidence
of preterm birth in women delivering
a female child who later developed
endometriosis (Upson et al., 2015;
Vannuccini et al., 2016). However, some
factors may have influenced these results,
for example different study populations,
the timing of the study, control groups,
inclusion criteria and the lack of possibility
to better investigate the mother's
obstetric notes. The meta-analysis showed

RBMO VOLUME 41 ISSUE 2 2020

285

FIGURE 3 (A) Forest plot for low birthweight showing a significantly increased risk of developing endometriosis, with non-significant heterogeneity

among the studies (I2 = 0%; Q = 0.29 [df = 5]; P = 0.29). (B) Funnel plot used to evaluate publication bias in studies investigating low birthweight
as a risk factor for the likelihood of developing endometriosis. No obvious publication bias was found in a visual inspection of the funnel plot.
FE model = fixed-effects model.

that preterm birth significantly increased
the risk of developing endometriosis, with
non-significant heterogeneity among the
studies.
The association between preterm birth
and the risk of endometriosis in adult
life may be explained by the fact that

premature infants are not exposed to
the surge of placental oestrogens that
occurs at the end of full-term pregnancy
(Hickey et al., 2014; Kuiri-Hanninen et al.,
2013). These hormones may stimulate
the maturation of target organs such
as the brain and uterus, and suppress
the fetal hypothalamic–pituitary–ovarian

axis (HPO-axis), resulting in low fetal
gonadotrophin concentrations at birth
(Hickey et al., 2014; Kuiri-Hanninen
et al., 2013; Kuiri-Hanninen et al., 2014;
Shinkawa et al., 1983). When compared
with full-term infants, premature
infants showed higher gonadotrophin
concentrations at birth with a prolonged

286

RBMO VOLUME 41 ISSUE 2 2020

FIGURE 4 Forest plot for use of diethylstilboestrol showing a significantly increased risk of developing endometriosis, with non-significant

heterogeneity among the studies (I2 =0%; Q = 0.001 [df = 1]; P = 0.98). FE model = fixed-effects model.

HPO axis activity after birth that could
alter development of the reproductive
axis and contribute to an increased risk
of endometriosis in adult life (KuiriHanninen et al., 2011; Kuiri-Hanninen
et al., 2013; Kuiri-Hanninen et al., 2014;
Shinkawa et al.,1983; Tapanainen et al.,
1981).
LBW, defined as an infant with a
birthweight of less than 2500 g (5 lb
8 oz), regardless of gestational age
at the time of birth (ACOG, 2002),
was investigated by all of the included
studies (Borghese et al., 2015; Missmer
et al., 2004b; Somigliana et al., 2011;
Upson et al., 2015; Vannuccini et al.,
2016; Wolff et al., 2013), with conflicting
results reported. However, it is likely that
those results were influenced by various
parameters including the small number
of patients enrolled in these studies,
the small proportion of patients with
histologically proven endometriosis, the
lack of categorization of the disease, the
long interval between prenatal exposure
and outcome in adulthood, and the lack
of mention of gestational age at delivery
in the medical charts. The main finding
of this meta-analysis is that the pooled
result from the fixed effects model
showed that LBW significantly increased
the risk of developing endometriosis
(logRR 0.35, 95% CI –0.15 to 0.54), with
non-significant heterogeneity among the
studies.
As the influence of intrauterine
environment on risk of endometriosis
is still controversial (Benagiano and
Brosens, 2014), the rationale for the

association with LBW is unknown.
Biological abnormalities including
elevated triglycerides, uterine endothelial
dysfunction and increased uterine
artery rigidity are all present in mice
submitted to maternal utero-placental
insufficiency (Mazzuca et al., 2010).
These abnormalities that are associated
with LBW may obstruct menstrual flow
throughout the cervix by decreasing
the elasticity of the pelvic vessels and
altering the development of connective
tissue, resulting in an increased amount
of retrograde menstruation that could
favour the development of endometriotic
lesions (Barbieri, 1998; Chapron et al.,
2006; Fraser et al., 1986; Liede et al.,
2000). This might be more pronounced
in full-term pregnancies in relation to
the neonatal menstruation-like changes
of the secretory neonatal endometrium.
Indeed, subjecting the neonatal uterine
structure to the withdrawal of the
maternal hormonal environment at fullterm birth might influence retrograde
menstruation. Moreover, LBW and
intrauterine growth restriction could
affect the insulin and insulin-like growth
factors (IGF) pathways around births
(Gondret et al., 2013); these axes are
also altered in endometriotic lesions
compared with normal endometrium
(Borghese et al., 2008; Meola et al.,
2010).
Associations between endometriosis and
in-utero DES exposure were assessed
in two studies (Missmer et al., 2004b;
Upson et al., 2015). Other studies
investigating prenatal DES exposure in
relation to endometriosis were not able

to report an effect size either because
a greater proportion of participants
were born after discontinuation of its
use in the early 1970s, or because of
a small sample size (Buck Louis et al.,
2007; Wolff et al., 2013). However, these
analyses may have been limited by several
aspects related to the ascertainment of
the early-life factors, such as relying on
participant self-reporting and the more
intensified medical surveillance given to
women with gynaecological symptoms or
infertility who were known to have been
prenatally exposed to DES compared
with unexposed women.
The current meta-analysis showed
that DES significantly increased the
risk of developing endometriosis, with
non-significant heterogeneity among
the studies. In-utero exposure to DES
in mouse and human studies has
previously been associated with vaginal
cancer, cervical stenosis, uterine smooth
muscle abnormalities, altered oestrogen
receptor expression and 50% more
autoimmune disease in the presence
of vaginal epithelial changes (Berger
and Alper, 1986; Newbold, 1995; Noller
et al., 1988; Ostrander et al., 1985;
Stillman and Miller, 1984). The possible
relationship between DES exposure
and endometriosis may result from a
combined effect of increased retrograde
menstruation, immune dysfunction and
increased oestrogen concentrations.
Many environmental chemicals (e.g.
DES and bisphenol A) have strong
oestrogenic activity, probably due
to the similarity of their molecular
structure to oestradiol. These chemicals
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FIGURE 5 (A) Forest plot for breastfeeding and formula feeding showing a significantly increased risk of developing endometriosis with formula

feeding, with non-significant heterogeneity among the studies (I2 = 0%; Q = 1.81 [df = 2]; P = 0.41). (B) Funnel plot used to evaluate publication
bias in studies investigating feeding as a risk factor for the likelihood of developing endometriosis. No obvious publication bias was found in a visual
inspection of the funnel plot. Open circles show missing null studies estimated using the trim-and-fill method, added into the funnel plot. FE model
= fixed-effects model.

are able to disrupt the programming
of endocrine signalling pathways
established during development (so
are referred to as endocrine-disrupting
chemicals), resulting in numerous
adverse consequences in oestrogen
target tissues, such as the development
of endometriosis, which may not be
apparent until later in life (Newbold,
2011). A point of interest is the
increased susceptibility to reproductive
tract diseases that then passes down

the maternal lineage to subsequent
generations; the mechanisms involved in
these transgenerational events include
both genetic and epigenetic events,
such as increased oxidative stress and
methylation (Newbold et al., 2006).
Another finding of this meta-analysis was
the association between formula feeding
in postnatal life and the development
of endometriosis. The results indicated
that formula feeding in postnatal life may

increase risk of endometriosis in adulthood.
However, an important limitation in
interpretation is the lack of detailed infant
feeding data, especially concerning the
timing of initiation, duration, exclusiveness
of soy formula feeding and information on
other sources of infant nutrition such as
non-soy formulas.
A possible explanation of the association
between formula feeding in postnatal
life and endometriosis may be linked to
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hormonal exposure deriving from the
soy formula. Infant soy formula contains
phytoestrogens such as the isoflavones
genistein and daidzein, which are
absorbed and digested by infants (Irvine
et al., 1998). Early-life administration of
genistein could result in changes to the
uterus and HPO axis in adulthood such as
hypertrophy of uterine epithelial cells, and
dose-dependent changes in the HPO axis
(Faber and Hughes, 1993; Jefferson et al.,
2005; Nagao et al., 2001). Moreover,
some authors previously reported a
link between soy formula feeding and
reproductive outcomes including early
menarche, longer duration of menses and
greater menstrual discomfort, all of which
are individually considered to be risk
factors and symptoms of endometriosis
(Adgent et al., 2012; D'Aloisio et al., 2013;
Strom et al., 2001). This connection
may be explained by an indirect effect of
formula compounds on the proliferation
of endometrial glands starting from birth
(Cooke et al., 2012). Indeed, stromal
cells directly employ oestrogen receptor
alpha to regulate postnatal glandular
cell proliferation, differentiation, and
movement mediated by various growth
factors such as IGF 1 and 2, fibroblast
growth factor 7–10 and hepatocyte growth
factors. Therefore, it is plausible that the
formula compounds, in contrast to breast
milk, alter the function of the IGF- and
oestrogen receptor-regulated axes and
thereby impact on postnatal uterine
development (Makieva et al., 2018;
Ruchat et al., 2014; Sato et al., 2002).
The current meta-analysis is limited by
the low number of published papers
on the topic, the retrospective design
of most studies, the self-reported
information on pregnancy and on the
first months of life provided by the
patients and the lack of a standardized
data extraction method. These limitations
suggest that the results should be
interpreted with caution until validated by
future research projects providing more
detailed data collection from pregnancy
and infancy until adulthood.

CONCLUSIONS
In summary, the results of this metaanalysis suggest that prematurity,
birthweight, formula feeding and
DES exposure are associated with
an increased risk of developing
endometriosis in adult life.

To improve and confirm the available
evidence, future study designs
might benefit from the inclusion of
predefined criteria to select subjects
and a standardized method to access
maternal obstetric notes, with the hope
of exhaustively addressing the association
between intrauterine and early neonatal
exposures and the development of
endometriosis.

SUPPLEMENTARY MATERIALS
Supplementary material associated
with this article can be found, in
the online version, at doi:10.1016/j.
rbmo.2020.04.005.
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