Human Reproduction Open, 2026, 2026(4), hoag075
https://doi.org/10.1093/hropen/hoag075

Advance Access Publication Date: August 10, 2026 h r@ O XF O RD

Opinion

Hyperestrogenic imprinting and developmental origins of
endometriosis and adenomyosis

Sun-Wei Guo ®"** and Paola Vigand ®**

'Research Institute, Shanghai OB/GYN Hospital, Fudan University, Shanghai, China
2Shanghai Key Laboratory of Reproduction and Development, Fudan University, Shanghai, China
3Shanghai Key Laboratory of Female Reproductive Endocrine-Related Diseases, Fudan University, Shanghai, China
“Infertility Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milano, Italy

*Correspondence address. Research Institute, Shanghai Obstetrics and Gynecology Hospital, Fudan University, 419, Fangxie Road, Shanghai 200011, China. E-mail: hoxa10@outlook.com
https://orcid.org/0000-0002-8511-7624 (S.-W.G.); Infertility Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, 20122 Milano, Italy. E-mail: paola.vigano@policlinico.mi.it
https://orcid.org/0000-0003-3674-5912 (P.V.)

ABSTRACT

The pathogenesis of endometriosis and adenomyosis remains incompletely understood, and a notable gap persists between the
reported heritability and the disease variation explained by identified susceptibility loci. In this manuscript, we showcase key epidemio-
logical and clinical observations—including associations with early menarche, shorter anogenital distance, specific childhood growth
trajectories, hypospadias in males, and developmental exposure to endocrine-disrupting chemicals—that collectively point to the influ-
ence of early-life developmental programming. Recent evidence revealing a hyperestrogenic/hypoandrogenic hormonal imbalance in
the umbilical cord blood of pregnant women with endometriosis provides a critical link between these seemingly disparate findings.
We propose a novel hypothesis of hyperestrogenic imprinting: Female offspring of women with endometriosis and/or adenomyosis are
exposed in utero to a distinct hormonal environment, which induces lasting epigenetic changes in the developing reproductive tract,
thereby imprinting a lifelong susceptibility to these two diseases. This mechanism offers a cohesive explanation for the familial aggre-
gation of endometriosis and possibly adenomyosis, addresses the issue of ‘missing heritability’, and integrates various risk factors
rooted in early development. A limitation of this opinion piece is that its hypothesis is primarily informed by animal studies and concep-
tual synthesis, and would benefit from further validation through original human data. As a falsifiable hypothesis, it presents a clear
pathway for future validation and, if proven, opens avenues for novel preventive strategies.
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Introduction Additional support comes from animal experiments in which EMID
procedures, designed to mimic uterine procedures in humans, suc-
Despite decades of intensive research, the pathogenesis of endometri- cessfully induce adenomyosis (Hao et al.,, 2020; Elsherbini et al., 2022;

osis and its associated disease, adenomyosis, remains only partially
understood. Although Sampson’s theory of retrograde menstruation
(Sampson, 1927; Vigano et al, 2024) remains the most widely ac-
cepted explanation for endometriosis, it alone cannot account for the
full complexity of the disease, particularly its age-specific prevalence
and the plethora of endocrine and molecular factors involved. This
shortcoming underscores the need for continued investigation into
intersecting mechanisms (Endometriosis Initiative, 2024). For adeno- Heritability and missing heritability of

myosw, the hypothesis of endomemal—myometrla.l mtgrfacg disrup- endometriosis

tion (EMID) (Guo, 2020) is supported by ample epidemiological data

showing that a history of uterine procedures is a strong risk factor Endometriosis has long been recognized to show familial aggrega-
(Levgur et al, 2000; Curtis et al, 2002; Chapron et al, 2020). tion, with increased risk among first-degree relatives and sisters

Guo et al, 2025). However, not all adenomyosis cases result from iat-
rogenic uterine procedures (Kishi et al, 2012; Guo, 2020), indicating
that other pathogenic pathways must exist. In this opinion article, we
propose a novel hypothesis for the pathogenesis of endometriosis
and adenomyosis.
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(Bischoff and Simpson, 2000; Matalliotakis et al, 2008). A frequently
cited estimate of the contribution of genetic factors to the pathogene-
sis of endometriosis is a heritability of 47-51% (Treloar et al, 1999;
Saha et al,, 2015), which to many implies that nearly half of the causes
for endometriosis are determined by heritable genetic susceptibility.

However, a recent study involving tens of thousands of subjects
reports that all 42 loci identified to date explain only ~2% of disease
variance (Rahmioglu et al, 2023). Using the 47-51% heritability esti-
mates cited above, this finding means that more than 95.7-96.1% of
the estimated heritability remains unaccounted for, or ‘missing’.
While the presence of gene-gene interaction (GGI), gene—environ-
ment interaction (GEI), and structural variants could be responsible
for this missing heritability, it should be noted that both the narrow-
sense and broad-sense heritability is defined under the assumptions
of no GGI and no GEI (Guo, 1999). In other words, in the presence of
GGI and/or GEI, the heritability cannot be properly defined since it
would lead to either mathematical intractability when there is GGI or
difficulty in attributing nature versus nurture in the presence of GEI
due to inextricable gene and environment effects. Although modern
approaches such as genome-wide complex trait analysis have ad-
vanced our ability to model certain interaction components (Yang
et al, 2010; de Los Campos et al,, 2015), these methods still face sub-
stantial challenges in fully partitioning GGI and GEI within linear
frameworks, particular when not all major genetic or environmental
factors have been identified. Consequently, traditional heritability
estimates may be limited in their capacity to capture the full complex-
ity of non-additive genetic and environmental interplay. This limita-
tion underscores the value of shifting focus from static sequence
variants to dynamic regulatory alterations, such as epigenomic modi-
fications and tissue-specific enhancer activity, which may better re-
flect the developmental programming underlying endometriosis and
adenomyosis susceptibility. Indeed, a substantial portion of identified
endometriosis-predisposing genetic variants are located in the non-
coding regions (Sapkota et al, 2017), and many of them are found to
possess tissue-specific regulatory capabilities (Garibaldi-Rios et al,
2025). A non-coding variant that affects gene regulation is very likely
to be influenced by environmental cues, often more so than a variant
that alters the protein-coding sequence itself. These data seem to im-
plicate the presence of GEI in endometriosis, consistent with epidemi-
ologic data linking endometriosis and, say, red meat consumption
(Yamamoto et al., 2018).

Regardless, these 40+ loci likely represent the low-hanging fruits, i.
e. genetic variants conferring larger effect sizes. Therefore, the identi-
fication of any additional loci, if they exist, is expected to be progres-
sively more challenging, as each additional variant would likely
confer only an infinitesimal risk and thus a miniscule increment in
disease risk. In light of these findings, one may wonder: If the identi-
fied genetic variants do not fully account for familial aggregation,
why does familial aggregation exist in the first place?

Of course, even in the complete absence of any genetic factor,
shared environmental exposure (such as diet, exposure to endocrine-
disrupting chemicals (EDCs), socioeconomic factors, shared micro-
biome, or shared lifestyle factors) alone could account for the
observed familial aggregation of endometriosis (Guo, 2000). However,
the reported vertical transmission pattern from large pedigree analysis
(Stefansson et al,, 2002) seems to suggest something more than just fa-
milial aggregation of risk factors. What are they, then?

Hyperestrogenic imprinting

The tendency of familial aggregation in endometriosis, and possibly
in adenomyosis as well, could be explained, at least in part, by a
mechanism we term hyperestrogenic imprinting (HEI). We define HEI
as the process by which developmental, particularly in utero, expo-
sure to hyperestrogenism—whether maternal (due to endometriosis
and/or adenomyosis) or environmental (e.g. Xxenobiotic estrogens)—
induces persistent and lasting epigenetic and estrogen signaling alter-
ations in the uterus and the pelvic cavity, thereby increasing the risk
of developing endometriosis and/or adenomyosis. Similar to genetic
imprinting, which is essentially an epigenetic mechanism, prenatal
and neonatal exposure to increased estrogens may trigger a cascade
of events leading to alterations in epigenome and estrogen signaling
in the reproductive tract of female offspring. These changes, in turn,
may increase the risk of developing the diseases and potentially con-
tribute to the apparent familial aggregation.

Growing evidence indicates that fetal and neonatal development is
critical in shaping adult life in both animals and humans. One strik-
ing example is the early consumption of royal jelly in honeybees: all
larvae consume royal jelly for the first 3days of their lives, but
worker bees switch to worker jelly thereafter, while the queen bee
larvae continue consuming royal jelly as her main food source into
adulthood. This dietary difference, coupled with the provision of a
queen cell (Fang et al, 2026), results in two morphologically and re-
productively divergent castes: infertile workers versus the fertile
queen, driven by royal jelly-induced epigenetic changes despite iden-
tical genomes (Alhosin, 2023). Thus, the difference in early-life diet
and living condition completely change reproductive destiny.

Furthermore, the vindication of Barker’s hypothesis and related re-
search illustrates how maternal environment can tune the offspring
epitranscriptome, with profound and long-lasting health consequen-
ces. Paradigmatic examples include maternal overnutrition, which
leads to offspring with elevated incidence of obesity, increased food
intake, impaired glucose tolerance, and elevated incidence of cardio-
vascular disease (Guillaumin and Peleg-Raibstein, 2023). Increased
maternal physical activity enhances metabolic health (Sheldon et al,
2016; Quiclet et al, 2017; Stanford et al, 2017), cognitive function
(Yang et al, 2021), and physical performance (Beleza et al, 2021) in
offspring. Paternal exercise confers endurance capacity to offspring
through epigenetic mechanisms (Yin et al,, 2025). These data uncan-
nily exhibit some form of imprinting, involving epigenetics. Further,
maternal effects and epitranscriptomic regulation have been pro-
posed to intersect into a unified system of non-genetic developmental
programming (Ahi, 2026).

In the following sections, we present supporting data and build a
case for this HEI hypothesis for the pathogenesis of endometriosis
and/or adenomyosis. We also outline ways to test this hypothesis.

Clues from early-life associations

Early age at menarche and endometriosis/
adenomyosis

A recent meta-analysis of 16 papers published between 2000 and 2020
demonstrated that early menarche (< 12 years) is associated with a sig-
nificant increased pooled risk of endometriosis (odds ratio (OR)=1.34,
95% CI =1.16-1.54) (Lu et al,, 2023). According to the California Teachers



Study, early menarche (<10years of age) is statistically significantly as-
sociated also with adenomyosis (Templeman et al., 2008).

Earlier age at menarche influences both the frequency of menstrua-
tion and duration of menstrual exposure, which aligns with Sampson’s
theory. Therefore, determinants of age at menarche—whether modifi-
able or not—may indirectly influence disease risk by creating a pro-
longed period of exposure to ‘incessant menstruation’, a recognized
strong risk factor for endometriosis (Vercellini et al,, 2011).

Population differences in age at menarche are influenced by genet-
ics, lifestyle, and environmental exposures (Dong et al, 2023), as well
as early-life factors such as birthweight, gestational age, and develop-
mental exposure to EDCs (Watkins et al., 2017). Thus, a key question
emerges: what are the specific determinants of early age at menarche
in women with endometriosis/adenomyosis?

Shorter anogenital distance and endometriosis/
adenomyosis

Anogenital distance (AGD), defined as the distance between the anus
and the genital tubercle, is a sexually dimorphic trait that is typically
longer in male mammals but shorter in females (Mendiola et al,
2016; Garcia-Penarrubia et al, 2020). It reflects androgen exposure
levels in utero during the masculinization programming window
(gestational weeks 8-14) and is considered a lifelong marker of the
prenatal hormonal environment (Welsh et al, 2008; Schwartz et al,
2019) as well as of prenatal exposure to endocrine disruptors
(Bornehag et al.,, 2015; Swan et al,, 2015).

Shorter AGD has been reported to be associated with a higher risk of
endometriosis, especially deep endometriosis. A meta-analysis including
1033 subjects found a significant difference between women with endo-
metriosis and controls for AGD measured from the anus to the posterior
fourchette (standard mean difference =—0.87, P=0.0096) (Crespi, 2024).
Shorter AGD is also associated with a higher risk of adenomyosis but not
uterine fibroids (Liu et al,, 2023).

The link between shorter AGD and endometriosis/adenomyosis
raises critical questions: Why is a shorter AGD associated with a
higher risk of developing these diseases? Could in utero—or perhaps
perinatal—exposure to higher estrogens and/or lower androgen lev-
els increase this risk?

Growth trajectory and endometriosis

The inverse relationship between BMI and endometriosis has long
puzzled researchers, as it seems inconsistent with the expectation
that an estrogen-dependent disease like endometriosis would be pro-
moted by increased adiposity and thus higher estrogen levels.
However, body size during childhood and adolescence, around the
time of menarche, appears to be a more relevant exposure than body
size at the time of diagnosis or investigation. Using data collected
from the Nurses’ Health Study II, including 1817 cases with laparos-
copically confirmed endometriosis, Vitonis and colleagues demon-
strated that body size at ages 5, 10, and 20 were all inversely
associated with the disease. Specifically, the relative risks (RRs) for en-
dometriosis in females who had the smallest figures, compared with
the middle category, were 1.23 (95% CI = 1.08-1.40) for size at age 5
and 1.18 (95% CI = 1.02-1.36) during childhood (ages 5-10years)
(Vitonis et al.,, 2010).

Importantly, sex steroid hormone levels strongly contribute to off-
spring growth and adiposity both in utero and postnatally. Estrogen
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and testosterone levels in pregnancy can have a strong impact not
only on birthweight and neonatal adiposity but also on infant growth
trajectories (Meng et al, 2025). This connection prompts another
question: How might childhood growth patterns, occurring before
the onset of menstruation, contribute to the later development of en-
dometriosis?

Congenital anomalies in offspring born from women
with endometriosis

A recent study including 1.46 million births found that congenital
anomalies were more common in infants of mothers with endometri-
osis than in controls, with one of the strongest associations observed
for hypospadias (adjusted RR = 1.47, 95% CI = 1.04-2.09) (Milne et al,
2026). Only about 11% of this increased risk was explained by assis-
ted reproductive technologies, while other fertility treatments did not
meaningfully mediate the association (Milne et al,, 2026).

Hypospadias, a misplacement of the urethra meatus, results from a
failure of urethral closure during development. Both in mice and
humans, any disruption to hormonal signaling in early development
can cause hypospadias. More specifically, estrogenic compounds and
those that antagonize the androgen receptor or inhibit fetal testis ste-
roidogenesis, reduce testosterone production and/or its action to
cause male reproductive tract malformations, including hypospadias
(Mattiske and Pask, 2021).

Here the question is: Could in utero or perhaps perinatal exposure
to higher estrogen and/or lower androgen levels increase the risk of
hypospadias in the offspring of women with endometriosis?

Developmental exposure to xenobiotic estrogens and
the risk of endometriosis/adenomyosis

Abundant research has demonstrated that the fetus and neonate are in
a critical developmental period, and their reproductive tracks are exqui-
sitely sensitive to EDCs, especially xenobiotic estrogen (Yamashita, 2006).
Extensive animal studies provide compelling and consistent evidence of
a causal relationship between prenatal and neonatal exposure to estro-
gens and xenobiotic estrogens and adenomyosis development.

Prenatal exposure to:

* diethylstilbestrol (DES) results in lasting effect on the reproductive
tract, including adenomyosis (Huseby and Thurlow, 1982; Newbold
etal,2007a; Yin et al, 2012; Jefferson et al., 2013);

*  2,3,7,8-tetrachlorodibenzo-p-dioxin causes adenomyosis in mouse,
and this effect appears transgenerational (Bruner-Tran et al., 2016);

* Dbisphenol A (BPA) enhanced the sensitivity to provoked pain in
rats, suggestive of changes in the activity of neural pathways and/or
centers involved in nociception and pain perception (Aloisi et al,
2002). Because pain is a potent inducer of stress, the elevated pain
sensitivity may activate the hypothalamic-pituitary-adrenal axis
and promote lesional development through adrenergic receptor 2
(Long et al., 2016; Guo et al, 2017);

Neonatal exposure to:

* DES appears to result in permanent DNA methylation and gene-
specific changes in histone modification enzymes in the uterus,
likely causing widespread changes in gene expression in adulthood
(Li et al, 2003; Newbold et al, 2007a; Tang et al, 2008; Jefferson
etal, 2013);
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*  BPA (Newbold et al, 2007b), tamoxifen (Parrott et al, 2001), 17p-es-
tradiol (E;) (Singh and Bhartiya, 2023) or even an ER agonist (Cao et
al.,, 2022) causes adenomyosis in adult mice, and also causes prefer-
ential epigenetic programing of estrogen response (Jorgensen et al,
2016). In particular, neonatal tamoxifen exposure in female ICR/CD-1
mice not only induces adenomyosis but also sears a seemingly last-
ing epigenetic imprint on the reproductive tract (Chen et al, 2026).

While rodent data on developmental exposure to xenobiotic estro-
gens and endometriosis risk are lacking since rodents do not develop
endometriosis spontaneously, epidemiological studies indicate that
fetal exposure to DES in humans is associated with an increased risk
of endometriosis. One prospective study reported an 80% higher inci-
dence (RR = 1.8, 95% CI =1.2-2.8) (Missmer et al, 2004), while a later
case-control study found an increased risk of endometriosis by 100%
but the confidence interval includes the null (OR = 2.0, 95% CI =0.8-
4.9) (Upson et al., 2015).

In 2021, Gaspari et al described a multigenerational Caucasian
family with endometriosis across two consecutive generations.
Although the mother had no history of endometriosis, she received
high-dose DES after each delivery to suppress lactation. Her first
daughter, unexposed to DES, remained unaffected, whereas her six
subsequently exposed daughters all developed laparoscopically con-
firmed endometriosis. In the third generation, all seven daughters of
affected women had imaging-confirmed endometriosis, while none
of the daughters of the unexposed woman were affected (Gaspari
et al, 2021). While this unusual clustering might still be dismissed as
anecdotal due to its highly selective nature, the findings are nonethe-
less consistent with earlier epidemiological findings (Missmer et al,
2004; Upson et al.,, 2015).

The global epigenetic changes resulting from developmental expo-
sure to EDCs, especially xenobiotic estrogens, could account for long-
lasting, persistent, and likely profound transcriptional aberrations in
the reproductive tract due to downstream gene alterations (Bredfeldt
et al, 2010; Jefferson et al, 2013). This leads to a final synthesizing
question: Which underlying mechanistic processes are common to
the various strategies used to induce adenomyosis in rodent models
and between these and the epidemiological findings supporting
an association of endometriosis with in utero exposure to synthetic
estrogens?

Finding the missing link

The hormonal imbalance occurring during prenatal period and possi-
bly neonatal period as well represents a unifying explanation for
these observations and possible answers to the issues raised. The
recent work by Salmeri and colleagues provides a critical piece of evi-
dence. In a case-control study of women delivering singleton females,
they reported that female newborns of women with endometriosis
are exposed in utero to an imbalance in estrogen/androgen levels
compared to controls without the disease (Salmeri et al, 2025). Cases
were women with endometriosis diagnosed by imaging or surgery
before pregnancy; controls were women without endometriosis.
Umbilical cord blood samples were collected at delivery, and levels of
steroid hormones were measured using liquid chromatography-tan-
dem mass spectrometry. Analyses were performed before and after
propensity score matching (PSM) at a 1:3 ratio to control for maternal
age, gestational age, and delivery mode. Women with endometriosis
had higher E, levels than controls, both before matching (6.8 [4.3-9.1]

mcg/l vs 3.6 [1.4-8.6] mcg/l, P=0.03) and after matching (2.4 [1.1-6.6]
mcg/l, P=0.002) (Salmeri et al, 2025). After PSM, the E,-to-testosterone
and E,-to-androstenedionewere 4.38 (95% CI = 2.28-6.49) and 3.28
(95% CI= 1.29-5.28) times higher in cord blood of women with endo-
metriosis. These findings directly link existing epidemiological clues
and animal exposure studies to a measurable hormonal perturbation
in women with endometriosis. This altered milieu would have poten-
tial long-term consequences for the offsprings. Figure 1 illustrates the
main feature of this hypothesis.

It should be noted that since the blood samples in this study were
taken at the delivery, it is unclear whether the high estrogen-
to-androgen ratio in the cord blood is present during the entire gesta-
tional period or just a one-time event occurring only at the time of
delivery. In addition, this observation is based on a single case-
control study with inherent design limitations, and, as such, requires
independent validation. Therefore, further longitudinal human stud-
ies or cohort studies using biobank samples measuring maternal
serum/amniotic fluid hormones during early-to-mid gestation are re-
quired to fully validate whether this hyperestrogenic state is sus-
tained throughout pregnancy.

Limitations and caveats

To a large extent, our hypothesis is built upon extensive animal ex-
perimentation, which should be acknowledged as a limitation with
regard to its translational validity. On the other hand, while rodents
and humans differ greatly in physiology, a lot of mechanisms are
well-conserved among mammals. For example, AGD, which mirrors
the in utero exposure levels of androgen, was first discovered in
rodents but later found to be also true in humans.

Another paradigmatic example comes from variations in maternal
care in rats. A landmark study showed that differences in early mater-
nal caregiving behaviors during the first week of life could alter DNA
methylation of the Nr3c1 (coding for glucocorticoid receptor, GR) pro-
moter in the offspring’s hippocampus (Weaver et al, 2004). Higher lev-
els of maternal care reduced Nr3cl methylation, leading to increased
GR expression, improved cortisol feedback, and greater stress resil-
ience (Weaver et al,, 2004; Meaney and Szyf, 2005). Similar effects have
been observed in humans, where the homologous NR3C1 promoter is
influenced by early-life factors such as maternal depression, caregiv-
ing quality, breastfeeding, and prenatal stress. Lower NR3CI methyla-
tion is associated with better stress regulation, whereas higher
methylation is linked to greater cortisol reactivity and increased risk of
stress-related disorders, including depression (Veltri et al, 2025).

Another reason for caution refers to the inherent limitations of epi-
demiological association studies, which are susceptible to confound-
ing, selection bias, and information biases (including recall bias),
thereby limiting causal inference.

The need for further investigation

Very importantly, this HEI hypothesis is falsifiable. By carefully de-
signing animal experiments and human studies, this hypothesis can
be rigorously tested in different ways. For example, taking advantage
of the fact that rodents can spontaneously develop adenomyosis, one
could evaluate whether in utero exposure to exogenous estrogens
would result in shortened AGD and increased risk of developing
adenomyosis. Conversely, one could manipulate the in utero
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Figure 1. Schematic diagram showing the main features of the hyperestrogenic imprinting hypothesis. In utero exposure to an hyperestrogenic/
hypoandrogenic hormonal milieu induces lasting epigenetic changes in the developing reproductive tract. This imprint leads to several phenotypic
manifestations including early age at menarche, a shorter anogenital distance, a particular childhood trajectory and an increased risk of hypospadias
in male neonates, and, as such, confers a lifelong susceptibility to endometriosis and/or adenomyosis upon exposure to permissive secondary factors

such as retrograde menstruation. E2, 17p-estradiol.

estrogen-to-androgen ratio to create a hyperandrogenic environment
(Wang et al, 2026) and see whether the risk of adenomyosis can be
reduced. In addition, single-cell RNA sequencing could be employed
to identify distinct cell populations with distinct expression profiles
within the uterus and/or pelvic cavity, followed by further elucida-
tion of their roles and functions in inducing adenomyosis.
Alternatively, one could build on the previous reports on the perma-
nent epigenetic alterations in genes/proteins involved in epigenetic
regulation and estrogen signaling in the reproductive tract of mice
developmentally exposed to xenobiotic estrogens such as DES
(Jefferson et al, 2013). These same genes/proteins could be investi-
gated in mice developmentally exposed to hyperestrogenism to fur-
ther elucidate their roles, if any, in the induction of adenomyosis. In
parallel, longitudinal studies following female offspring born to
mothers with and without endometriosis/adenomyosis could help
test this hypothesis by comparing the incidence of these conditions.
Additional supporting evidence could be obtained by assessing AGDs
in female offspring of affected versus unaffected mothers. These epi-
demiological studies are highly feasible in light of publications of
some cohort studies on the incidence of endometriosis and/or adeno-
myosis based on the national registry (Magnus et al, 2026).
Incidentally, this study reports higher risk of endometriosis and/or
adenomyosis in female offspring born to mothers undergone assisted
reproductive technologies, in which estrogen was often adminis-
trated during the first few weeks of gestation for frozen embryos.
Thus, their finding of higher risk of endometriosis/adenomyosis is po-
tentially compatible with the HEI hypothesis.

Conclusion

We propose that HEI may account for a significant component of the
pathogenesis of endometriosis and adenomyosis. Specifically, women

with endometriosis and/or adenomyosis have an imbalance in estro-
gen/androgen levels in their cord blood during pregnancy. Their
female offspring are therefore exposed to a distinct, hyperestrogenic/
hypoandrogenic environment in utero, which induces lasting epige-
netic changes in the developing reproductive tract. This imprint con-
fers a lifelong susceptibility, making the offspring more susceptible to
developing endometriosis and/or adenomyosis upon exposure to per-
missive secondary factors such as retrograde menstruation.
Conceivably falsifiable, this hypothesis provides a cohesive explana-
tion for the familial aggregation of endometriosis and possibly adeno-
myosis, as well as for the ‘missing heritability’. If validated, it would
raise the possibility of preventive interventions targeting this early-
life window of programming.
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