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Abstract
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Polyendocrine metabolic ovarian syndrome (PMOS), formerly known
as polycystic ovary syndrome, is a chronic condition driven by genetic,
epigenetic and lifestyle factors. The resulting endocrine changes,
including hyperinsulinaemia and hyperandrogenism, underpin the
clinical manifestations of PMOS and are amplified by overweight

and obesity. Reproductive features of PMOS, including ovulatory
disturbance, endometrial abnormalities, subfertility and anincreased
rate of pregnancy and birth complications, have long been documented
in these patients, but awareness in clinical practice has only increased
inthe past decade. The pathophysiology of PMOS interacts with
physiological changes in pregnancy, leading to pregnancy and birth
complications, exacerbated by the high prevalence of pre-pregnancy
overweight, obesity and increased gestational weight gainin PMOS.
However, the conditionis poorly recognized as anindependent risk
factor for pregnancy and birth complications in antenatal guidelines
and clinical practice. The 2023 international evidence-based guidelines,
supported by extensive meta-analyses, have advanced knowledge on
PMOS and pregnancy and birth outcomes. They recommend recognition
of ‘higher-risk’ status for individuals with PMOS in pregnancy and aim
toimprove antenatal prevention, awareness, screening and treatment.
Here, we explore the pathophysiology of PMOS and PMOS during
pregnancy as well as related pregnancy and birth complications.

We also outline current guideline recommendations, implementation
strategies and research priorities related to PMOS in pregnancy.
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Key points

o Polyendocrine metabolic ovarian syndrome (PMOS) is a common
condition, affecting 10-13% of women (17 million pregnancies) globally
per year, and is characterized by genetic, epigenetic, endocrine,
metabolic, inflammatory and reproductive abnormalities.

o These abnormalities increase the risk of adverse pregnancy and
birth outcomes in PMOS, including gestational diabetes mellitus
and hypertension, pre-eclampsia, fetal growth restriction, preterm
birth and low birth weight.

o The pregnancy-related risks of PMOS are exacerbated by the use
of assisted reproductive technology, increased maternal weight and
gestational weight gain.

o Guideline recommendations need to be translated into clinical
practice to recognize PMOS in pregnancy and optimize awareness,
screening and treatment.

e Research priorities relating to pregnancy in those with PMOS span
the physiology and natural history of the condition, clinical trials with
long-term follow-up and implementation research.

Introduction

Polyendocrine metabolic ovarian syndrome (PMOS), formerly known
as polycystic ovary syndrome (PCOS), is a common endocrine disor-
der with reproductive, metabolic, dermatological and psychological
features' that affects 10-13% of women globally**. Yet it was primarily
perceived as a reproductive condition®® that predominantly leads to
menstrual irregularity and infertility. This perception was partly due
tothe name PCOS being bothinaccurate and focused on the ovaries™®,
overlooking the multisystem nature of the condition. ‘Polycystic’ is a
misnomer, as the condition involves arrested follicles with noincrease
in pathological cysts’. The consequences of misleading terminology
included up to 70% of affected individuals remaining undiagnosed,
delayed diagnosis and patient dissatisfaction; the reproductive focus
alsoreinforced stigma”®. Pregnancy>° and cardiometabolic risks asso-
ciated with PMOS remain under-recognized in research, education
and clinical care>”®'°, further compounding the burden for affected
women. These factors underpinned the 2012 NIH Evidence-Based Work-
shop formal recommendations for renaming". The process involved
22,068 survey responses from patients and health professionals across
56 global organizations and allworld regions, and PMOS emerged as the
definitive replacement’, This evidence-based name accurately reflects
the polyendocrine pathophysiology, acknowledges the metabolic
burden and maintains recognition of the ovarian features that define
the syndrome diagnostically.

Diagnosis in adults follows the 2023 international guideline cri-
teriaand requires two of the following: hyperandrogenism (clinical or
biochemical), ovulatory dysfunction and multiple follicles on ovarian
morphology or an elevated level of anti-Miillerian hormone (AMH),
excluding other causes®*. These guidelines, and related meta-analyses,
highlight theincreased risks of miscarriage, gestational diabetes mel-
litus (GDM), gestational hypertension, pre-eclampsia, induction of
labour and delivery by Caesarean section, independent of age and
BMI™. Offspring born to individuals with PMOS have anincreased risk of

fetal growthrestriction, preterm birth and low birthweight”. However,
only half of those with PMOS receive information on pregnancy risks,
and 59% are dissatisfied with the information provided™. PMOS affects
approximately 17 million pregnancies annually (-12% of 140 million
pregnancies worldwide), yet routine pregnancy data capture aPMOS
prevalence of only 2-4%">°, The international guidelines®* call for
improved identification, screening, monitoring and management of
pregnancy complications in PMOS'>"%,

Given the increased, yet under-recognized, risks in pregnancy,
lack of awareness among health professionals, poor PMOS capture in
antenatal care and the latest guideline recommendations, this Review
is particularly timely. Here, we describe the pathophysiology of PMOS,
the physiological adaptations in a normal pregnancy and the interac-
tion between PMOS and pregnancy, highlighting associated preg-
nancy and birth complications. We also outline recommendations
to optimize pregnancy outcomes, and research priorities to address
currentknowledge gaps, and inform education, guidelines and health-
care. We acknowledge that not all people who experience PMOS or
pregnancy identify as women, and so we have aimed to use inclusive,
gender-neutral or gender-additive language to balance inclusivity and
biological accuracy where possible. Where we use the term ‘women’
thisshould be considered to include women and those who identify as
othergendersas, todate, research on this condition has not adequately
considered gender*.

Pathophysiology of PMOS
The pathophysiology of PMOS is complex, with interactions between
genetic susceptibility, epigenetic modifications and lifestyle factors®7 2,

Genetic susceptibility

Genetic studies, particularly genome-wide association studies
(GWAS), have identified 19 loci associated with PMOS risk, with com-
mon variants in genes involved in gonadotropin action (for example,
FSHB and LHCGR), androgen biosynthesis (for example, DENNDIA),
insulin signalling (for example, INSR) and follicle development (for
example, HMGAZ2 and YAPI, encoding high-mobility group protein
HMGI-C)***. These lociindicate that PMOS pathophysiology is driven
bybothreproductive and metabolic pathways. However, they explain
only a fraction of heritability, underscoring the polygenic nature of
PMOS. Alarge-scale, multi-ancestry GWAS published in 2025 expanded
the number of PMOS-associated loci to over 90 (ref. 23), implicating
pathways related to granulosa cell differentiation, metabolic regula-
tion and hypothalamic-pituitary signalling®. Rare variants in genes
such as DENNDIA, INSR and LHCGR? also contribute, suggesting that
both common and rare variants collectively influence PMOS through
reproductive and metabolic pathways®.

Epigenetic modifications

Epigenetic mechanisms, such as DNA methylation, histone modifica-
tions and regulation by non-coding RNAs, contribute to the pathogen-
esis of PMOS**?, Altered methylationin genes regulating adipogenesis
and insulin signalling, such as INSR and PPARy, is more pronounced
among individuals with PMOS (especially with concurrent obesity),
thanin those without the condition? .

High intrauterine levels of androgens and AMH in people with
PMOS** can induce epigenetic modifications during pregnancy,
potentially impairing placental aromatase activity*-** and affecting
fetal development, thereby increasing the long-termrisk of reproduc-
tive, metabolic and mental health disorders in the offspring. Familial
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studies suggest that elevated levels of androgens might be present
in the offspring and male siblings of those with PMOS***, although
findings areinconsistent across studies. Daughters of individuals with
PMOS show markers of androgen exposure (elongated anogenital
distance)*® and have a fivefold increased risk of developing PMOS
themselves® >, No well-established male PMOS phenotype exists
in mice or humans, although early androgenetic alopecia in men has
been proposed as a sign of hormonal and metabolic abnormalities*’.
Both the sons"* and the brothers**~° of individuals with PMOS dis-
play cardiometabolic and reproductive dysfunction. Emerging evi-
dence from analysis of umbilical cord blood reveals distinct epigenetic
signatures®', whereas animal models demonstrate transgenerational
transmission of PMOS-like traits®*>*2, which can be mitigated by calorie
restriction that restores DNA methylationin oocyte and sperm genes
linked to insulin secretion®>*,

Endocrine and metabolic abnormalities

PMOSis characterized by acomplexinterplay of endocrine and meta-
bolic abnormalities'?**°. Disrupted regulation of the hypothalamus,
pituitary gland and ovaries, driven by high gonadotropin-releasing
hormone (GnRH) pulse activity, is central to the pathophysiology of
PMOS*. Increased GnRH pulse frequency stimulates the secretion of
luteinizing hormone (LH)** while reducing follicle-stimulating hor-
mone (FSH) release, resulting in an increased LH to FSH ratio®. A high
level of LH stimulates ovarian thecacells to produce excess androgens,
whereas alow level of FSH impairs follicular maturation, leading to
follicular arrestand multiple follicles on ovarian morphology**~**. Fol-
licular arrest and accumulation of small antral follicles (<9 mm) drive
granulosa cell production of AMH (elevated twofold to threefold above
normallevels), contributingto follicular resistance to FSH and impaired
folliculogenesisin PMOS®. Elevated AMH reduces granulosa cell sensi-
tivity to FSH and suppresses aromatase expression, further inhibiting
follicular development®. Acting centrally, AMH also enhances GnRH
neuronactivity, perpetuating LH hypersecretion and androgen excess,
afeedforward loop that sustains ovarian dysfunction®®® (Fig. 1).

PMOS is strongly associated with intrinsic insulin resistance,
independent of BMI’°. This defect occurs at the post-receptor level,
impairing insulin signalling and glucose uptake, even among lean
individuals®®. The synergistic action of excess insulin and LH amplifies
androgen biosynthesis via increased steroid 17-a-hydroxylase/17,20-
lyase (CYP17AL1) activity in theca cells®’. In mice, these hormones have
beenshowntoactonthe hypothalamus and pituitary gland to amplify
secretion of GnRH and LH®. Insulin also suppresses the production of
hepatic sex hormone-binding globulin (SHBG), increasing free circu-
lating testosterone®. These mechanisms operate independently of
obesity, but are exacerbated by increased BMI**®*, creating a vicious
cycle of insulin resistance, hyperandrogenism and adiposity across
thelife course®*,

Adipose tissue in those with PMOS exhibits structural and func-
tional abnormalities, including enlarged adipocytes, reduced lipid stor-
age capacity and increased release of free fatty acids®. These changes
promote ectopic deposition of adipose tissue in skeletal muscle and
the liver, driving lipotoxicity and worsening insulin resistance®®’,
An altered adipokine profile, such as reduced adiponectin, further
impairs metabolic homeostasis®’°”2, Elevated levels of androgens
inhibit subcutaneous adipogenesis and favour visceral accumulation
of adipose tissue, reinforcing metabolic risk”>”*. These mechanisms
contribute to a threefold increase in the risk of impaired glucose tol-
erance and type 2 diabetes mellitus, often with early onset, as well as

cardiometabolic complications, including hypertension, metabolic
dysfunction-associated steatotic liver disease and cardiovascular
disease (CVD)”%°. These mechanisms are not fully explained by direct
genetic associations®, supporting a central role for non-genetic and
epigenetically mediated pathways in PMOS-related cardiometabolic
risk. Longitudinal weight gain, central adiposity and obesity are allmore
prevalentinindividuals with PMOS than in the general population®*,
Importantly, obesity exerts a strong causal effect on PMOS, whereas
evidence for PMOS causing obesity is limited®’>*5*,

Inflammation

PMOSis characterized by chroniclow-grade inflammation, independ-
ent of excess weight. Elevated levels of markers, such as C-reactive
protein (CRP), tumour necrosis factor (TNF) and IL-6, link systemic
inflammation to insulin resistance and hyperandrogenism®. Experi-
mental data also suggest that high levels of androgens can modify
immune cell populations in metabolic, reproductive and immune
tissues, potentially linking hyperandrogenism with inflammatory
pathways®. Adipose dysfunction increases macrophage infiltration
and therelease of pro-inflammatory cytokines, amplifying metabolic
and reproductive abnormalities®. Oxidative stress further drives
inflammatory responses, damaging ovarian follicles and contribut-
ing to anovulation®®. In those with PMOS, the endometrium exhibits
localized increased expression of pro-inflammatory cytokines and
altered immune cell profiles. These alterations disrupt progesterone
signalling, decidualization and receptivity, contributing to impaired
embryoimplantation, and increased risk of miscarriage, endometrial
hyperplasia and endometrial cancer®™"",

Reproductive dysfunction

The neuroendocrine, metabolic and inflammatory disturbances out-
lined above underpin follicular arrest, chronic anovulation and endo-
metrial dysfunction in PMOS®*?2, As noted, elevated LH and reduced
FSH impair follicular maturation, whereas hyperinsulinaemia and
hyperandrogenism disrupt ovarian growth factors, leading to mul-
tiple follicles on ovarian morphology®’. PMOS is the leading cause of
anovulatory infertility, with a 15-fold increase in risk compared with
unaffected individuals®. Chronic anovulation results in luteal phase
progesterone deficiency and prolonged unopposed exposure to oes-
trogen, increasing therisk of abnormal uterine bleeding, endometrial
hyperplasiaand endometrial cancer”. In those with PMOS, the endome-
trium shows molecular and compositional abnormalities’, including
reduced expression of implantation-related genes and dysregulated
immune pathways. These defects can persist eveninovulatory cycles,
contributing toimpaired endometrial receptivity, although biomarkers
of receptivity appear to be unchanged in PMOS®°.

While some with PMOS do conceive naturally, especially in the
absence of additional risk factors, including higher age or BMI°*, up to
62% of affected individuals report undergoinginfertility treatment®*””.
Epidemiological studies suggest that individuals with PMOS might
attempt conception at a younger age’*; however, owing to infertility,
conception occurs later on average, with a higher risk of advanced
maternal age in those with PMOS than in those without the condition®®.
Although the likelihood of having at least one child is similar to that
in individuals without PMOS®”%%, overall, PMOS is associated with
increased nulliparity and marginally smaller family size compared
with those without the condition, and these effects are exacerbated
by later PMOS diagnosis®”'°°. Fertility treatmentintroduces additional
risks, including ovarian hyperstimulation'®, multiple pregnancy and
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Fig.1|Endocrine, metabolic and reproductive dysregulationsin
polyendocrine metabolic ovarian syndrome. Individuals with polyendocrine
metabolic ovarian syndrome (PMOS) exhibit an increased gonadotropin-
releasing hormone (GnRH) pulse frequency, leading to elevated luteinizing
hormone (LH) secretion, which stimulates androgen production by ovarian
thecacells. An elevated level of testosterone enhances insulin secretion from
pancreatic B-cells and suppresses hepatic production of sex hormone-binding
globulin (SHBG), resulting inincreased levels of free circulating testosterone.
Insulin further amplifies ovarian androgen production and promotes LH
secretion from the pituitary gland. Excess ovarian androgens contribute to
follicular arrest, increased levels of anti-Miillerian hormone (AMH), both

ovarian and in serum, and resistance to follicle-stimulating hormone (FSH),
resulting inimpaired folliculogenesis. AMH, together with altered levels of
oestrogen, progesterone and androgens, disrupts the feedback regulation of
hypothalamic GnRH neurons, exacerbating LH hypersecretion. Additionally,

the adrenal glands contribute to hyperandrogenism viaincreased production of
dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS),
whichare converted into more potent androgens in adipose tissue. In those with
PMOS, adipose tissue exhibits elevated aldo-keto reductase family 1 member

C3 (AKR1C3) activity and expression, further increasing the conversion of
androstenedione to testosterone with enhanced local androgen activation.
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altered placental development, which can compound pregnancy and
birth complications'. Although the mainstay of therapy is ovulation
induction, where assisted reproductive technology isrequired, those
with PMOS are also more likely than their unaffected counterparts to
undergo programmed frozen embryo transfer cycles. The lack of a
corpus luteum with this regimen, although not unique to those with
PMOS, has been associated with increased rates of gestational hyper-
tension and pre-eclampsia®'®. Overall, the extent to which infertility
treatment contributes to pregnancy and birth complicationsin PMOS is

yettobe fully understood, particularly with evolving clinical practice'

Ethnic and regional variation in PMOS

Ethnic and regional variations in the clinical presentation, metabolic
consequences and reproductive outcomes of PMOS are increasingly
recognized, highlighting theimportance of considering ancestry, socio-
cultural context and population-specificrisk profilesin both diagnosis
and management'**. Although estimates of the worldwide prevalence
of PMOS are broadly comparable, higher rates have been reported in
Mediterranean and South Asian regions than in other areas'**. These
differences partly reflect variations in diagnostic criteria, sampling bias
and ascertainment methods'®. Phenotypic heterogeneity is evident
across populations'®*, Hyperandrogenism and hirsutism are most fre-
quently observed in people of European and Middle Eastern descent.
‘Lean PMOS’ phenotypes (those with normal or low BMI) and mild
hyperandrogenic features are common in East Asian individuals, with
higher metabolic dysfunction'®. Metabolicrisk profiles also vary, with
Asianand South Asian patients demonstrating increased prevalence of
insulin resistance, dysglycaemia and type 2 diabetes mellitus at lower
BMI thresholds. These observations are consistent with international
guidance recommending ethnicity-specific cut-off values for BMl and
gestational weight gain'°’, Regional dietary patterns, differencesin body
composition (for example, increased percentage of visceral adipose
tissue atalower BMI) and socioculturalinfluences onlifestyle contrib-
ute to these disparities'””. In 2025, four distinct PMOS subtypes were
identified (hyperandrogenic, obese, high SHBG and high LH), each of
which has a unique reproductive, metabolic and prognostic profile'*s.
These subtypes, although notidentical to other subtype studies, were
validated across ethnically diverse cohorts, highlighting the need for
global collaboration to unravel PMOS heterogeneity and inform tailored
clinical strategies.

Physiological adaptations in pregnancy

A normal pregnancy is adynamic physiological state involving endo-
crine, metabolic, inflammatory and reproductive adaptations'®. These
changes occur across the maternal-fetal-placental unit to maintain
an optimal intrauterine environment, supporting fetal growth and
maternal health.

Endocrine and metabolic adaptations

Hormone production shifts from maternal sources to the fetoplacental
unitinearly pregnancy. Human chorionic gonadotropin (hCG) sustains
the corpus luteum, with levels peaking at 8-10 weeks before stabiliz-
ing by 18-20 weeks"’. An elevated level of hCG in the second trimes-
ter has been linked to pregnancy and birth complications, including
miscarriage, pre-eclampsia, preterm birth and small for gestational
age offspring™. Levels of LH and FSH decline owing to suppression by
hCG, inhibin, oestrogens and progesterone'’. Placental aromatase
and anincreased level of SHBG protect the fetus from excess andro-
gens, beginninginthe first trimester and escalating later in pregnancy.

Insulin sensitivity initially increases, then declines from around
18-24 weeks owing to the presence of placental lactogen, cortisoland
TNF, leading to mild hyperglycaemia and compensatory hyperinsu-
linaemia. Elevated levels of androgens and reduced aromatization
have been linked to GDM, pre-eclampsia, fetal growth restriction, low
birthweight and stillbirth"*', The level of AMH decreases progres-
sively during pregnancy, reflecting suppression of folliculogenesis
and ovarianreserve adaptation. AMH canimpair placental aromatase
and increase androgen excess**'”,

Early pregnancy favours energy storage through adipose hyper-
trophy and hyperplasia, transitioning to lipolysis in late pregnancy.
Pregnancy-inducedinsulinresistance and dyslipidaemia, characterized
by elevated levels of cholesterol and triglycerides, support placental
steroidogenesis and fetal growth'¢. Blood pressure begins to fall in
the first trimester, due to vascular remodelling and the vasodilatory
effects of oestrogen and progesterone, rising again later in the third
trimester”. Owing to the complexinteraction between genetics, eth-
nicity, lifestyle and sociocultural factors, individuals of Asian and South
Asian heritage have a higher metabolic risk during pregnancy than
those of other ethnicities. This observation s reflected in the lower BMI
cut-offfor defining healthy gestational weight gain, and substantially
higher rates of GDM and type 2 diabetes mellitus, at any given BMI in

these populations™.

Inflammatory adaptations

A normal pregnancy alternates between pro-inflammatory and
anti-inflammatory states. Early pregnancy involves a pro-inflammatory
milieu for embryo implantation and placentation, whereas mid-
pregnancy transitions to a predominantly anti-inflammatory state
driven by anti-inflammatory cytokines (IL-4 and IL-10) for immune
tolerance, maternal adaptation to fetal antigens and growth™’. Late
pregnancy and parturition are again pro-inflammatory, a state that
is essential for the initiation of labour™*?°, Dysregulation of this
balance contributes to pregnancy complications®, with low-grade
inflammation (commonly observed in obesity or metabolic syndrome)
exacerbating insulin resistance and oxidative stress and adversely
affecting outcomes, including miscarriage, gestational hypertension,

pre-eclampsia and fetal growth restriction.

Reproductive adaptations

The placenta becomes the primary source of oestrogen and proges-
terone after the first trimester'”, promoting uteroplacental blood
flow, angiogenesis and immune tolerance'”"'*. Progesterone maintains
endometrial receptivity and suppresses uterine contractions, whereas
oestrogens (including oestradiol, oestriol and oestrone) support vas-
cular remodelling and fetal organ maturation'”. Reduced levels of
oestrogen and progesterone have been implicated in pre-eclampsia,
potentially reflecting impaired placental function'”. The placentaalso
has a central role in aromatization, converting maternal androgens
into oestrogens. This process ensures optimal fetal development and

prevents hormonal imbalances'.

Pregnancy and birth in PMOS

The pathophysiological features of PMOS, including hyperandrogen-
ism, insulin resistance, chronicinflammation and endometrial dysfunc-
tion, collectively impair key adaptations to pregnancy and underpinthe
increased risks of maternal and fetal complications, as well aslong-term
complications in the offspring of individuals with PMOS™*" (Box 1).
These mechanisms are often superimposed onthe independent effects
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Box 1| Physiological adaptations to
pregnancy and interactions with PMOS

Physiological adaptations to pregnancy
Endocrine and reproductive adaptations
Changesiin levels of:
e Human chorionic gonadotropin (maintains the corpus luteum)
e Placental oestrogens and progesterone
e Androgens
e Sex hormone-binding globulin and placental aromatase
¢ Anti-Mdllerian hormone

Metabolic adaptations

Changesiin:

e Insulin sensitivity and insulin levels
e Glycaemia

e Compensatory hyperinsulinaemia
e Lipolysis

e Lipid profile

e Nutrient availability

Inflammatory adaptations
o Early pregnancy: pro-inflammatory mediators
¢ Mid-pregnancy: anti-inflammatory mediators
e Late pregnancy: pro-inflammatory mediators

Pregnancy in PMOS
PMOS is associated with an up to threefold increase in the risk of:
¢ Increased levels of androgens leading to decreased endometrial
receptivity
o Increased level of anti-Mullerian hormone
¢ Increased insulin resistance and glucose intolerance
¢ Maternal weight gain and adiposity leading to lipotoxicity and
oxidative stress
e Chronic low-grade inflammation
e Reduced placental function

Adverse pregnancy and birth outcomes
o Miscarriage

e Gestational diabetes mellitus
e Gestational hypertension

e Pre-eclampsia

e Preterm birth

o Fetal growth restriction

e Low birthweight

¢ Induction of labour

o Caesarean section

e Post-partum haemorrhage

PMQOS, polyendocrine metabolic ovarian syndrome.

of infertility treatment in people with PMOS, and can be exacerbated

by the well-known risks associated with multiple pregnancy'®.

Ovulation, conception and early pregnancy loss
Although many women with PMOS achieve pregnancy through natural
conception with spontaneous ovulation, the prevalence of infertility

treatment is high in those with PMOS’*””. Ovulation inductionis the first-
line recommended medical treatment for PMOS-related anovulation.
The heterogeneity of PMOS might contribute to the variability in ovu-
lationinduction outcomes. A moderately elevated LH to FSH ratio has
beenassociated with anincreased incidence of clinical pregnancy and
live birth, and alower risk of miscarriage'”, compared with a very high
LH to FSH ratio, which is associated with more profound anovulation,
high levels of AMH and suboptimal ovulation induction responses.

Although circulating levels of oestradiol do not tend to differ from
the normal range in individuals with PMOS¥, one study showed that
those with PMOS undergoingin vitro fertilization (IVF) who achieved a
clinical pregnancy tended to have lower levels of progesterone and total
oestrogen, whereas the progesterone to oestradiol ratio was similar to
theratioin those who did not conceive. Inthis study, greater endome-
trial thickness on the day of embryo transfer was also associated with
successful pregnancy, underscoring the role of endometrial receptivity
inimplantation?*, Emerging evidence suggests that endometrial sensi-
tivity to oestrogen might be altered in PMOS. In the proliferative phase
endometrium of individuals with PMOS, a higher proportion of epithe-
lial cells and a lower proportion of stromal cells, with no difference in
endometrial thickness, were observed on single-nucleus RNA sequenc-
ing analysis, along with decreased expression of oestrogen receptor-«
(ERa) in endometrial epithelial and stromal cells and in tissue at the
protein level™'*, Conversely, at the tissue level, studies have shown
unchanged or higher ERa expression, and increased ER co-activators
inthe proliferative phase in PMOS with blunted progesterone action,
and higher ERa expressionin the mid-secretory phase endometrium'?.
Thisaltered endometrial ERx expression can contribute to suboptimal
oestrogen effects inthe PMOS endometrium, with substantial clinical
implications for conception, pregnancy and endometrial stress, and
the potential development of endometrial hyperplasia and cancer in
thelong term'>'?, Taken together, these findings suggest that in PMOS,
qualitative alterations in oestrogen signalling, rather than absolute
levels of hormones, can impair endometrial function, increasing the
risk of implantation failure and miscarriage, even in the presence of
ovulation or hormonal support.

Hyperandrogenism and placental dysfunction

Hyperandrogenaemia disrupts normal endometrial receptivity and
impairs trophoblastinvasion and spiral artery remodelling, leading to
defective placentation, a key mechanism underpinning miscarriage,
pre-eclampsiaand fetal growth restriction"*°, InPMOS, the endome-
trium can have higher androgen receptor expression in proliferative
and secretory phases, yet no differences at the single-nucleus RNA
level??%122130_ Although the androgen receptor blocker, flutamide,
prevents these effects inboth endometriumand placenta in mice®**°,
detailed signalling pathways remain incompletely characterized in
humans. High levels of testosterone in those with PMOS have been
associated with an increased risk of pre-eclampsia, and an increased
maternal free androgenindex (FAI) hasbeen linked toincreased birth-
weight in male offspring compared with non-PMOS pregnancies™.
Furthermore, amongindividuals with PMOS who developed pregnancy
complications, such as gestational hypertension or pre-eclampsia,
or had offspring with abnormal birthweight, levels of testosterone,
dehydroepiandrosterone sulfate and fasting insulin, homeostatic
model assessment for insulin resistance (HOMA-IR) scores and FAI
were higher, but levels of SHBG were lower, than in those without
complications'. Notably, this pattern was not observed in control

individuals without PMOS with or without pregnancy complications',
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Overall, levels of androgens seemto affect placental development
andrelated metabolic adaptations, contributing to pregnancy and birth
complications. In one study, only patients with hyperandrogenic PMOS
had anincreased risk of pretermbirth or pre-eclampsiacompared with
control individuals™. By contrast, levels of androgens do not seem to
increase the risk of small for gestational age birth™** or miscarriage,
or to decrease the rate of live births, in those with PMOS™, Treatment
of hyperandrogenism with ethinyloestradiol and cyproterone ace-
tate before pregnancy seems to reduce the risk of GDM, gestational
hypertension and premature delivery associated with PMOS"®.

Insulinresistance and adiposity

PMOS and concurrent hyperandrogenisminterfere with the metabolic
flexibility required for pregnancy, aggravating glucose intolerance and
increasing the risk of GDM""*%, A low preconception level of SHBG,
which reflects insulin resistance and androgen bioavailability, has
beenidentified as a predictor of GDM in those with PMOS, independ-
ent of BMI, waist circumference and insulin resistance’. However,
the precise molecular pathways underlying these effects in human
pregnancy remain incompletely defined. Individuals with PMOS and
increased insulin resistance also have an increased risk of develop-
ing pre-eclampsia'’. In parallel, greater maternal adiposity in PMOS
increases the risk of pregnancy complications through hyperandro-
genism, insulin resistance, lipotoxicity, oxidative stress, low-grade
systemic inflammation and increased levels of free fatty acids, all of
which impair placental development and function''%,

Lipid metabolism and fetal growth outcomes

Lipid profiles are important to pregnancy outcomes in PMOS. Levels
of specific serum triglycerides, defined by their fatty acyl chain com-
position, such as C20:4_C34:3 and C18:2_C38:6, were significant pre-
dictors of low birthweight in individuals with PMOS when compared
with control individuals matched for age, BMI and gestational age'"'.
Additionally, lipid metabolites, such as hexosyl ceramide d18:2/24:0
and ceramide d18:1/24:0, have been associated with low birthweight,
potentially mediated through maternalinsulinresistance and related
lipotoxic effects*?. Ceramides are known to impair insulin signalling,
promote cellular stress responses and alter placental lipid transport,
offering plausible pathways through which these metabolites might
influence fetal growth'*'** Elevated levels of hexosyl ceramides have
previously been linked to lipotoxicity driven by insulin resistance in
those with PMOS. Supporting this finding, animal studies have shown
thathighlevels of stearoyl ceramides and oleoyl ceramides in skeletal
muscle correlate withincreased insulin resistance'*. Increased mater-
nallevels of serine observed in mothers of neonates of lower gestational
age at birth might reflect the interplay between insulin resistance,
obesity and altered glucose metabolism. Whether serineitselfisaninde-
pendent predictor of low birthweight, or simply a marker of metabolic
dysregulation, is unclear. However, the association between elevated
levels of serine, insulin resistance and hyperandrogenism suggests a
potential common mechanism'*, and demonstrates the complexity
of the endocrine and metabolic physiology of PMOS and pregnancy.
Altered serine metabolism might contribute to ceramide synthesis and
mitochondrial stress, providing a plausible link to insulin resistance,
although mechanistic datain PMOS pregnancies are scarce'*>'**,

Endometrial dysfunction and immune dysregulation
Aberrantendometrial epithelial proliferation and stromal cell decidual-
ization’®, dysregulated progesterone signalling and altered immune cell

profiles (for example, uterine natural killer cells and macrophages)
have been identified in individuals with PMOS, suggesting potential
impairment of the maternal-fetal interface, with implications for
embryo implantation and early pregnancy loss'*"****8, During preg-
nancy, individuals with PMOS exhibit strong early, low-grade immune
mobilization with broad cytokine activation, including inflammation,
and PMOS-specific immune mobilization, which continues through-
out the pregnancy'*’. Compared with healthy control individuals,
these patients have elevated levels of CRP, cytokines, ferritin and
white blood cells, and an increased risk of pregnancy complications,
including GDM, pre-eclampsia and fetal growth restriction**"*°, Many
oftheinflammatory, endocrine and metabolic abnormalities manifest
via placental dysfunction, contributing to complications, including
preterm birth, gestational hypertension, pre-eclampsia and altered

fetal programming'”.

Outcome data

Maternal risks. A meta-analysis of over 100 studies and 106,690 preg-
nancies indicated that individuals with well-defined PMOS have sig-
nificantly increased odds of pregnancy complications®. Overall, these
include miscarriage (OR1.49, 95% C11.20-1.85), GDM (OR 2.41, 95% Cl
1.95-2.99), gestational hypertension (OR 2.20, 95% C11.82-2.67), pre-
eclampsia (OR 2.30, 95% CI 1.88-2.82), induction of labour (OR 1.69,
95% CI1.01-2.85) and Caesarean section (OR1.23,95% C11.06-1.43). The
incidence of instrumental deliveries was notincreased (Table1). Treat-
ment with metformin can partially reverse aberrant endometrial epi-
thelial and stromal cell transcriptional signatures, includingimmune
cellcomposition and progesterone-responsive pathways’’. However, a
sensitivity analysis, in which studies that included metformin use were

Table 1| Pregnancy risks in those with polyendocrine
metabolic ovarian syndrome

Pregnancy outcome Overall Independent Independent
of age of BMI
Gestational weight gain i = ?
Miscarriage T ? ?
GDM T T T
Gestational hypertension Mt ? ?
Pre-eclampsia Mt ? Mt
Eclampsia ? ? ?
Induction of labour i ? ?
Instrumental delivery = ? ?
Caesarean section M M M
Perinatal depression Mt ? ?
Preterm birth M M M
Fetal growth restriction » ? ?
Low birthweight 0 ? ?
Small for gestational age = = ?

Macrosomia = = =

Large for gestational age = = =

The table shows the risks of various pregnancy outcomes (?, increased risk; =, similar risk;

?, uncertain association) associated with polyendocrine metabolic ovarian syndrome and for
which the risk has been shown to persist in studies including age-matched and BMI-matched
individuals'*'"®. GDM, gestational diabetes mellitus.
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excluded, showed similar results®. Notably, GDMin the second trimes-
terin PMOS-affected pregnancies does not seemto furtherincrease the
risk of other pregnancy complications in this already high-risk cohort™".

Determining the effect of PMOS on pregnancy-related outcomes
independent of age, BMI and gestational weight gain is challenging,
as confounders cannot be addressed in meta-analyses of aggregated
data. Individuals with PMOS are reported to conceive at a higher BMI
(mean difference (MD) 1.76 kg/m?, 95% C11.44-2.08 kg/m?) and have
greater gestational weight gain (MD 0.96 kg, 95% C10.01-1.90 kg)*>'*"
than those without PMOS. Given that most of the available data are
from fertility treatment cohorts, these individuals also conceive at a
younger age than the non-PMOS population®**, Nonetheless, studies
including age-matched and BMI-matched groups of individuals®*"
have consistently shown anincreased rate of maternal complications
in those with PMOS. These findings demonstrate that PMOS confers
an independent risk of pregnancy and birth complications, which
can be further amplified in the presence of advanced maternal age,
high BMI or both.

Neonate risks. A meta-analysis of 73 studies, including 92,881 off-
spring, identified distinct risk patterns in the infants of mothers with
PMOS". Overall, PMOS pregnancies were associated with anincreased
risk of fetal growth restriction (OR 1.84, 95% C11.09-3.10), preterm
birth (OR1.53, 95% CI1.33-1.75) and low birthweight (OR 1.28, 95% Cl
1.04-1.59). These risks were preserved in studies in which those with
metformin use were excluded®”. Neonates born to mothers with PMOS
alsohave ashorterlength and smaller head circumference at birth than
neonates born to mothers without PMOS’, and these growth restric-
tions are exacerbated when PMOS coexists with obesity™. Inaddition
to growth abnormalities, complications in neonates born to moth-
ers with PMOS include increased incidence of stillbirth (adjusted OR
1.50,95% C11.28-1.77)"3, perinatal mortality (OR 3.07,95% C11.03-9.21
(ref.154); OR 1.83, 95% CI1.06-3.16 (ref. 155)) and neonatal intensive
care unit admission (OR 2.31, 95% C11.25-4.26 (ref. 154); OR 2.32, 95%
Cl1.40-3.85 (ref.156)) as reported in separate meta-analyses™* ",

Maternal hyperinsulinaemia, GDM, adiposity and excess gesta-
tional weight gain are allknown to contribute to excessive fetal growth
in pregnancies unrelated to PMOS. However, neither the risk of fetal
macrosomia (OR1.16,95% C10.97-1.39) nor the risk of neonates who are
large for gestational age (OR 1.16, 95% C1 0.99-1.35) were increased in
meta-analyses of pregnancies in individuals with PMOS'". Increased
BMI, excess gestational weight gainand increased GDM prevalencein
individuals with PMOS" would typically be expected to increase the
risk of excess fetal growth; instead, a pattern of growth restriction is
evident®’. This paradox is likely to reflect underlying placental dys-
functioninindividuals with PMOS, which could limit nutrient transfer
despite maternal drivers of fetal overgrowth. Further researchisneeded
to delineate the maternal-placental factors determining whether
pregnancies complicated by PMOS resultin large-for-gestational-age
or growth-restricted infants.

Long-termrisks in offspring. Prior to puberty, the offspring of those
with PMOS are more likely to be hospitalized for any reason, including
allergies, asthma, infections and conditions related to the respiratory,
metabolic, gastrointestinal and central nervous systems, and ophthal-
mological and otological disorders™"*, Moreover, anincreased preva-
lence of psychiatric, neurodevelopmental and emotional disorders’®',
including autism spectrum disorder', has also been shown in the
offspring of individuals with PMOS'°*'*°, Maternal obesity has been

shown to exacerbate this risk in analyses in which BMI stratification
was included".

Preterm or small for gestational age birth are associated with sub-
sequentinsulinresistancein childhood****and glucose intolerance and
highblood pressure inyoung adulthood'*'*?,independent of maternal
conditions and smoking status during pregnancy””'*. Although these
risks seem to be further increased in the offspring of individuals with
PMOS, to what extent this riskis attributable to PMOS per se, independ-
ent of BMI, gestational weight gain, GDM, gestational hypertension or
pre-eclampsia, is unclear. Evidence exists for an increased prevalence
of high BMI and obesity in both the female'°*'**1** and the male!*%'¢°
offspring of individuals with PMOS, as well as hypertension, type 2
diabetes mellitus and CVD'**'¥’,

Individuals with PMOS are less likely to breastfeed than those
without this condition'®®, primarily mediated by increased BMI'®’,
Among individuals with high BMI, those with PMOS breastfeed less
exclusively, implying that PMOS status exerts an additional adverse
effect onbreastfeeding beyond that of BMIalone'°. Breastfeeding can
also be affected by pregnancy and birth complications and delivery by
Caesareansection'’. These factors can contribute to long-term health
implications for both individuals with PMOS and their offspring'’.
Overall, long-term health-related outcomes in the offspring of indi-
viduals with PMOS, following complications in pregnancy and birth,
remain inadequately understood.

Clinical implications and recommendations
Preconception

The 2023 international PMOS guidelines emphasize the importance
of appropriate preconception screening (metabolic, cardiovascular,
reproductive and psychological risk assessment), support and opti-
mization of lifestyle and health behaviours in people with PMOS**.
Potential benefits of these interventionsinclude reduced hyperandro-
genism, insulin resistance and inflammation, as well asimprovements
inmetabolic factors, such as body weight, distribution of abdominal
adiposetissue and lipid profile'*. Reproductive outcomes, including
ovulation and fertility, might also improve'”. Standard preconcep-
tion care includes optimization of diet and exercise, BMI, sleep, psy-
chological, emotional and sexual health, cessation of smoking and
alcohol consumption. These measures are particularly important in
individuals with PMOS given the elevated risks in pregnancy®. Stand-
ard national guideline recommendations on preconception vaccina-
tions and micronutrient supplementation also apply to individuals
with PMOS**. The guidelines also recommend that blood pressure
measurement and an oral glucose tolerance test (OGTT) should be
performed in all individuals with PMOS when planning pregnancy,
given their increased risk of GDM, gestational hypertension*® and
pre-eclampsia®*. Appropriate management of chronic conditions,
including diabetes mellitus, high blood pressure, anxiety, depression
and other mental health disorders, before conceptionis alsoimportant
in those with PMOS®. These preconception strategies are important
to improve fertility, response to fertility treatment, pregnancy and
birth outcomes and long-term health. Indeed, optimizing lifestyle
before conception in those with obesity and infertility, including
PMOS, undergoing fertility treatment, is associated with reduced
rates of GDM, pre-eclampsia and preterm birth”’*'”>. To minimize the
pregnancy-related risk in patients with PMOS undergoing fertility
treatment, protocols targeting ovulationinduction prior to IVF, use of
GnRH antagonists and single-embryo transfer should be prioritized®.
With frozen embryo transfer, natural or modified natural cycles are
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preferred over programmed cycles to obtain a corpus luteumto opti-
mize theendometrial lining and placentation, thereby mitigating the
risk of gestational hypertension and pre-eclampsia'”®.

Importantly, pre-pregnancy treatment with metformin is rec-
ommended in the guidelines, as itimproves pregnancy and live birth
ratesinthose with PMOS**7778_ Metformin and lifestyle interventions
in those with PMOS partially reverse endometrial disease-specific
and cell type-specific molecular signatures with potential to enhance
fertility outcomes®. For those with PMOS taking metformin, levels
of vitamin B12 should be monitored. Inositol supplementation has
not been shown to improve rates of pregnancy or live birth and is not
currently recommended'”’. Weight-lowering medications, including
glucagon-like peptide1(GLP1) receptor agonists and dual gastric inhibi-
tory polypeptide (also known as glucose-dependent insulinotropic
polypeptide)-GLP1receptor agonists, are increasingly used in PMOS.
However, evidence from patients of reproductive age, and safety data
in pregnancy, are scarce®*’®!, The limited available data suggest no
major birth defects or pregnancy-related complications with exposure
to GLP1 receptor agonists in early pregnancy®*'®. Nevertheless, cur-
rent guidance is to discontinue these agents several months before
conception and manage potential rebound weight gain, despite the
lack of clear evidence on optimal strategies to do so'*>. Bariatric sur-
gery is increasingly being used in patients with PMOS and obesity'®.
The 52-week randomized controlled BAMBINI trial'®* demonstrated
improvements in weight, metabolic parameters, ovulatory function
and quality of life inthese patients. However, the sample size was insuf-
ficient to assess pregnancy outcomes'®*. In the general population,
bariatric surgery is associated with reduced metabolic risk between
pregnancies, but alsowithanincreased risk of small for gestational age
infants and stillbirth'®>. Accordingly, in those with PMOS, pregnancy
should be delayed until post-bariatric surgery nutritional stability
is achieved (typically 1year), and careful monitoring is required in
pregnancy’. This area of research is a priority (Box 2) identified in the
international research roadmap™.

Ultimately, we must recognize that individuals in high income
and, increasingly, low-income and middle-income nations'®, are living
in an environment predisposed to excess energy intake and subopti-
mal diet and physical activity'¥, driven by ecosocial factors including
socioeconomic status'®. While rising BMI is often framed as depend-
ent on individual behaviours, evidence indicates that structural and
environmental drivers have amajor role. Reducing stigma and shifting
towards systematic, population-level approaches, such asasugar tax,
is therefore essential'®’.

Pregnancy

The 2023 international guidelines recommend that PMOS status be rec-
ognized and that these individuals be identified as having ‘higher-risk’
pregnancies®*. Awareness of pregnancy and birth complications in
PMOS has increased over the past decade (by 33% among individuals
with PMOS and 50% among health professionals)®. Nevertheless, PMOS
status is still often overlooked in antenatal care>®, highlighting key
gaps in awareness, prioritization, clinical identification and capture
of aPMOS diagnosis. Addressing these issues will facilitate effective
screening, risk stratification, monitoring, prevention and management
of pregnancy complications. Screening for hyperglycaemia (OGTT) is
recommended inthose with PMOS, independent of age and BMI, during
the first trimester and, if negative, again at 24-28 weeks**. Although
monitoring of gestational weight gain, blood pressure, fetal growth
and mental health status are part of routine antenatal care, enhanced

surveillance among individuals with PMOS is warranted due to the
increased risk of gestational complications.

Prevention of excess gestational weight gain can be achieved
through antenatal lifestyle interventions, which have been shown to
reduce theincidence of GDM, gestational hypertension, pre-eclampsia
andpretermbirthinthegeneral population, and are cost-effective'”* %%,
Clinically, metformin use during pregnancy, including in those with
PMOS, reduces gestational weight gain and pretermbirth, but does not
prevent miscarriage, pre-eclampsiaor GDM, or affect birthweight*'>'*,
As such, the 2023 guidelines recommend that metformin should be
used prior to conception, but not routinely during pregnancy, inthose
with PMOS>*. The prophylactic use of low-dose aspirin to reduce the
risk of pre-eclampsiainindividuals at high risk of this complication is
wellestablished, but thereisno evidence onthis strategy in PMOS. Data
on the effectiveness of nutritional supplements during pregnancy in
individuals with PMOS are scarce, but one randomized controlled trial
on the use of myo-inositol did not show any benefits"”’. Management
of pregnancy-related complications, such as the use of exogenous
insulin for hyperglycaemia, might have additional implications in
those with PMOS. Experimental data suggest thatinsulincanincrease
androgen production® ®*, raising the possibility of downstream effects
on pregnancy physiology, although this requires further investigation.

Box 2 | Research priorities for
pathophysiology and outcomes
of PMOS in pregnancy

Key areas

e Optimizing lifestyle interventions before conception and during
pregnancy to improve fertility, maternal health and pregnancy
outcomes

¢ Association between the pathophysiology of PMOS and adverse
pregnancy outcomes

o Effects of demographic and anthropometric factors on adverse
pregnancy outcomes

¢ |dentification of PMOS and subsequent risk assessment and
monitoring in antenatal care

o Effective management strategies for PMOS during antenatal care

e Role of metformin, aspirin and insulin intake during pregnancy in
improving pregnancy outcomes

Methods
e Human mechanistic studies integrated into clinical trials and
biobanks
e Population-based cohort studies and individual patient data
meta-analyses across diverse populations
e Randomized controlled trials of treatments
¢ Implementation and translational research

Considerations
e Collaboration between patients and health professionals across
all stages of research (design, conduct and implementation),
reflecting strong patient and public involvement
o Clear, predefined and harmonized outcome measures

PMOS, polyendocrine metabolic ovarian syndrome.
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Research priorities

Research priorities relating to pregnancy in those with PMOS are rec-
ognized in the context of the 2023 international guidelines clinical
research priorities roadmap, which was co-designed with end-users™
(Box 2). Human studies on physiological interactions between PMOS
and pregnancy are needed to identify potential therapeutic targets.
Further research is required to explore endocrine (including the role
of AMH, androgens and insulin), metabolic and inflammatory factors.
Mechanistic research is underway, including nested cohort studies
within large randomized controlled trials, such as the Bump2Baby
and Me'”*'* and Treatment of Booking Gestational Diabetes Melli-
tus (TOBOGM)*"* studies, and global individual participant data
meta-analyses in pregnancy, including the Metformin in Pregnancy
Study (MiPS)"*.In these studies, hormonal, metabolic and inflamma-
tory pathways and biomarker signatures, including androgen and insu-
lin signalling markers and AMH-related profiles, are being examined
to elucidate mechanisms and identify potential therapeutic targets'”.

Although systematic reviews and meta-analyses have synthe-
sized the evidence on PMOS-related pregnancy and birth outcomes'"
in the context of the 2023 guidelines®*, important limitations and
knowledge gaps have been highlighted. For example, many of the
studiesincluded in meta-analyses had amoderate to high risk of bias,
provided incomplete or inconsistent definitions for complications
and failed to explore the effects of potential confounders, such as
age, BMI, gestational weight gain and infertility treatments'>"*"*%'”,
Furthermore, despite potential effects on neuroendocrine factors,
inflammatory mediators and maternal mental health outcomes'*'*’,
studies onthe association between PMOS and perinatal psychological
healthremain scarce’?”., Improved identification of PMOS status, and
large-scale cohort studies with harmonized outcomes, areimportant
to understand short-term (for example, miscarriage, GDM, gestational
hypertension, pre-eclampsia, psychological health, growth abnormali-
tiesand birth outcomes) and long-term (for example, metabolic, repro-
ductive, psychological and neurodevelopmental) pregnancy-related
outcomes inindividuals with PMOS.

Implementation research (that is, the application of clinical evi-
dence to routine practice to support uptake in real-world healthcare
settings) isimportant to increase the identification of PMOS, enhance
recognition of increased risks in pregnancy and to promote optimal
screening and monitoring. The development of tools for risk stratifica-
tion, such as checklists or electronic prompts, and theimplementation
of clear clinical pathways that support identification, prevention and
management of PMOS-related complications, are vitally important.
Clinical research priorities include optimizing the timing and precise
nature of preconception care and lifestyle modifications in those with
PMOS. Therole of metforminin the prevention of complications, includ-
ing GDM and pretermbirth, isbeing exploredinalarge-scale, individual
patient datameta-analysis, including those with PMOS™*. Further inves-
tigation of the potential role of aspirin in preventing pre-eclampsiaand
preterm birth in patients with PMOS is warranted®®°, particularly to
determine whether PMOS status should be considered in identifying
candidates for prophylaxis. In addition, the role of insulin therapy dur-
ing pregnancy should be explored in individuals with PMOS, to deter-
minewhether subsequent androgen production® **indirectly increases
adverse metabolic effects in both the mother and the offspring.

Conclusions
PMOS is acommon condition, affecting 10-13% of women globally,
underpinned by genetic, epigenetic, endocrine and inflammatory

abnormalities. These defects contribute to a broad spectrum of met-
abolic, dermatological, psychological and reproductive features.
Interactions between abnormal physiology in PMOS and gestational
physiology substantially increase pregnancy and birth complications.
The 2023 international guidelines®* highlighted elevated risks in the
preconception period and during pregnancy and birth, including
GDM, gestational hypertension, pre-eclampsia, Caesarean section,
fetal growthrestriction, preterm birth, low birthweight and small for
gestational age infants. The underlying mechanisms and clinical risks
are exacerbated by high maternal BMI and excess gestational weight
gain as well as fertility treatment. In addition, long-term health out-
comes are detrimentally affected in those with PMOS and their off-
spring. However, PMOS remains under-recognized in routine perinatal
care. Theinternational guidelines** recommend improving awareness
among health professionals and patients, alongside timely screening,
monitoring, prevention and management strategies. Increased focus
on the optimization of lifestyle and weight management is needed.
Future research should prioritize elucidating the pathophysiology
of PMOS in pregnancy, understanding the natural history of PMOS,
identifying new therapeutic targets, developing and testing prevention
and treatment strategies, and implementing evidence-based guideline
recommendations in perinatal care.

Published online: 05 June 2026

References

1. Cai, M. etal. Past and present: a bibliometric study on polycystic ovary syndrome.
J. Ovarian Res. 16, 42 (2023).

2. Teede, H., Deeks, A. & Moran, L. Polycystic ovary syndrome: a complex condition with
psychological, reproductive and metabolic manifestations that impacts on health across
the lifespan. BMC Med. 8, 41(2010).

3. Teede, H. J. et al. Recommendations from the 2023 international evidence-based
guideline for the assessment and management of polycystic ovary syndrome.

Fertil. Steril. 120, 767-793 (2023).

4. Mousa, A., Tay, C. T. & Teede, H. J. Technical Report for the 2023 International
Evidence-based Guideline for the Assessment and Management of Polycystic Ovary
Syndrome https://doi.org/10.26180/23625288 (Monash Univ., 2023).

5. Bahri Khomami, M. Polycystic ovary syndrome as a key risk factor in pregnancy
outcomes: a midwifery perspective from the international guideline. J. Midwifery
Womens Health 70, 200-203 (2024).

6.  BahriKhomami, M. & Teede, H. J. Addressing polycystic ovary syndrome in pregnancy
care to improve outcomes. JAMA Netw. Open 7, e2430549 (2024).

7.  Teede, H. J. et al. Polyendocrine metabolic ovarian syndrome, the new name for polycystic
ovary syndrome: a multistep global consensus process. Lancet https://doi.org/10.1016/
S0140-6736(26)00717-8 (2026).

8. Teede, H. J. et al. Polycystic ovary syndrome perspectives from patients and health
professionals on clinical features, current name, and renaming: a longitudinal
international online survey. EClinicalMedicine 84, 103287 (2025).

9.  Piltonin, T., Kuusiniemi, E. & Teede, H. Pathological ovarian cysts and PCOS: a cross-
sectional population-based cohort study. JAMA Intern. Med. https://doi.org/10.1001/
jamainternmed.2026.1370 (2026).

10. Teede, H. J. et al. International PCOS guideline clinical research priorities roadmap:

a co-designed approach aligned with end-user priorities in a neglected women'’s health
condition. EClinicalMedicine 78,102927 (2024).

1. National Institutes of Health. Evidence-based Methodology Workshop on Polycystic Ovary
Syndrome https://prevention.nih.gov/sites/g/files/mnhszr241/files/2018-06/FinalReport.pdf
(NIH, 2012).

12.  Bahri Khomami, M. et al. Systematic review and meta-analysis of pregnancy outcomes in
women with polycystic ovary syndrome. Nat. Commun. 15, 5591 (2024).

13.  Bahri Khomami, M. et al. Systematic review and meta-analysis of birth outcomes in
women with polycystic ovary syndrome. Nat. Commun. 15, 5592 (2024).

14. Kim, A.E., Lee, I. T., Ottey, S. & Dokras, A. Lack of adequate counseling about pregnancy
complications in patients with polycystic ovary syndrome: a cross-sectional survey
study. F. S. Rep. 5, 312-319 (2024).

15.  Bahri Khomami, M. et al. Clinical management of pregnancy in women with polycystic
ovary syndrome: an expert opinion. Clin. Endocrinol. 97, 227-236 (2022).

16. Garad, R. M. et al. Breaking boundaries: toward consistent gender-sensitive language
in sexual and reproductive health guidelines. Semin. Reprod. Med. 41, 5-11 (2023).

17.  Moran, L., Gibson-Helm, M., Teede, H. & Deeks, A. Polycystic ovary syndrome:

a biopsychosocial understanding in young women to improve knowledge and
treatment options. J. Psychosom. Obstet. Gynecol. 31, 24-31(2010).

Nature Reviews Endocrinology


http://www.nature.com/nrendo
https://doi.org/10.26180/23625288
https://doi.org/10.1016/S0140-6736(26)00717-8
https://doi.org/10.1016/S0140-6736(26)00717-8
https://doi.org/10.1001/jamainternmed.2026.1370
https://doi.org/10.1001/jamainternmed.2026.1370
https://prevention.nih.gov/sites/g/files/mnhszr241/files/2018-06/FinalReport.pdf

Review article

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

Walters, K. A. et al. New perspectives on the pathogenesis of PCOS: neuroendocrine
origins. Trends Endocrinol. Metab. 29, 841-852 (2018).

Joham, A. E. et al. Polycystic ovary syndrome. Lancet Diabetes Endocrinol. 10, 668-680
(2022).

Stener-Victorin, E. & Deng, Q. Epigenetic inheritance of polycystic ovary

syndrome — challenges and opportunities for treatment. Nat. Rev. Endocrinol.

17, 521-533 (2021).

Day, F. et al. Large-scale genome-wide meta-analysis of polycystic ovary syndrome
suggests shared genetic architecture for different diagnosis criteria. PLoS Genet. 14,
1007813 (2018).

Tyrmi, J. S. et al. Leveraging Northern European population history: novel low-frequency
variants for polycystic ovary syndrome. Hum. Reprod. 37, 352-365 (2022).

Zhao, H. et al. Multi-ancestry genome-wide association analyses of polycystic ovary
syndrome. Nat. Genet. 57, 2669-2681(2025).

Dapas, M. & Dunaif, A. Deconstructing a syndrome: genomic insights into PCOS causal
mechanisms and classification. Endocr. Rev. 43, 927-965 (2022).

Louwers, Y. V., Visser, J. A., Dunaif, A. & Laven, J. S. E. Polycystic ovary syndrome:

origins and implications: genetics of polycystic ovary syndrome (PCOS). Reproduction
170, e250126 (2025).

Vatier, C. & Christin-Maitre, S. Epigenetic/circadian clocks and PCOS. Hum. Reprod. 39,
167-1175 (2024).

Kokosar, M. et al. Epigenetic and transcriptional alterations in human adipose tissue of
polycystic ovary syndrome. Sci. Rep. 6, 22883 (2016).

Nilsson, E. et al. Transcriptional and epigenetic changes influencing skeletal muscle
metabolism in women with polycystic ovary syndrome. J. Clin. Endocrinol. Metab. 103,
4465-4477 (2018).

Quan, K., Ning, S., You, Z. & Deng, G. Bioinformatics analysis of the role of RNA
modification regulators in polycystic ovary syndrome. Heliyon 10, e36706 (2024).
Stepto, N. K. et al. Women with polycystic ovary syndrome have intrinsic insulin
resistance on euglycaemic-hyperinsulaemic clamp. Hum. Reprod. 28, 777-784 (2013).
Maliqueo, M. et al. Placental STAT3 signaling is activated in women with polycystic ovary
syndrome. Hum. Reprod. 30, 692-700 (2015).

Tata, B. et al. Elevated prenatal anti-Mullerian hormone reprograms the fetus and induces
polycystic ovary syndrome in adulthood. Nat. Med. 24, 834-846 (2018).

Maliqueo, M. et al. Placental steroidogenesis in pregnant women with polycystic ovary
syndrome. Eur. J. Obstet. Gynecol. Reprod. Biol. 166, 151-155 (2013).

Gunning, M. N. et al. Cardiometabolic health in offspring of women with PCOS compared
to healthy controls: a systematic review and individual participant data meta-analysis.
Hum. Reprod. Update 26, 103-117 (2020).

Kanina, A. et al. Adverse cardiometabolic outcomes in men with sisters with polycystic
ovary syndrome. J. Clin. Endocrinol. Metab. 110, e3810-e3817 (2025).

Barrett, E. S. et al. Anogenital distance in newborn daughters of women with polycystic
ovary syndrome indicates fetal testosterone exposure. J. Dev. Orig. Health Dis. 9, 307-314
(2018).

Mimouni, N. E. H. et al. Polycystic ovary syndrome is transmitted via a transgenerational
epigenetic process. Cell Metab. 33, 513-530 (2021).

Risal, S. et al. Prenatal androgen exposure causes a sexually dimorphic transgenerational
increase in offspring susceptibility to anxiety disorders. Transl. Psychiatry 11, 45 (2021).
Risal, S. et al. Prenatal androgen exposure and transgenerational susceptibility to
polycystic ovary syndrome. Nat. Med. 25, 1894-1904 (2019).

Cannarella, R., Condorelli, R. A., Mongioi, L. M., La Vignera, S. & Calogero, A. E. Does a male
polycystic ovarian syndrome equivalent exist? J. Endocrinol. Invest. 41, 49-57 (2018).
Crisosto, N. et al. Reproductive and metabolic features during puberty in sons of women
with polycystic ovary syndrome. Endocr. Connect. 6, 607-613 (2017).

Recabarren, S. E. et al. Metabolic profile in sons of women with polycystic ovary
syndrome. J. Clin. Endocrinol. Metab. 93, 1820-1826 (2008).

Recabarren, S. E. et al. Pituitary and testicular function in sons of women with polycystic
ovary syndrome from infancy to adulthood. J. Clin. Endocrinol. Metab. 93, 3318-3324
(2008).

Torchen, L. C. et al. Increased antimillerian hormone levels and other reproductive
endocrine changes in adult male relatives of women with polycystic ovary syndrome.
Fertil. Steril. 106, 50-55 (2016).

Liu, D. M. et al. Evidence for gonadotrophin secretory and steroidogenic abnormalities in
brothers of women with polycystic ovary syndrome. Hum. Reprod. 29, 2764-2772 (2014).
Sam, S., Coviello, A. D., Sung, Y. A., Legro, R. S. & Dunaif, A. Metabolic phenotype in the
brothers of women with polycystic ovary syndrome. Diabetes Care 31, 1237-1241(2008).
Sam, S., Sung, Y. A., Legro, R. S. & Dunaif, A. Evidence for pancreatic 3-cell dysfunction in
brothers of women with polycystic ovary syndrome. Metabolism 57, 84-89 (2008).
Baillargeon, J. P. & Carpentier, A. C. Brothers of women with polycystic ovary syndrome
are characterised by impaired glucose tolerance, reduced insulin sensitivity and related
metabolic defects. Diabetologia 50, 2424-2432 (2007).

Subramaniam, K., Tripathi, A. & Dabadghao, P. Familial clustering of metabolic
phenotype in brothers of women with polycystic ovary syndrome. Gynecol. Endocrinol.
35, 601-603 (2019).

Karthik, S. et al. Cardiovascular disease risk in the siblings of women with polycystic
ovary syndrome. Hum. Reprod. 34, 1559-1566 (2019).

Lambertini, L. et al. Intrauterine reprogramming of the polycystic ovary syndrome:
evidence from a pilot study of cord blood global methylation analysis. Front. Endocrinol.
8,352 (2017).

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

609.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Zhang, Y. et al. Transgenerational inheritance of diabetes susceptibility in male offspring
with maternal androgen exposure. Cell Discov. 11, 14 (2025).

Liu, Y. et al. Caloric restriction prevents inheritance of polycystic ovary syndrome through
oocyte-mediated DNA methylation reprogramming. Cell Metab. 37, 920-935 (2025).
Abbara, A. & Dhillo, W. S. Targeting elevated GnRH pulsatility to treat polycystic ovary
syndrome. J. Clin. Endocrinol. Metab. 106, e4275-e4277 (2021).

Garg, A., Patel, B., Abbara, A. & Dhillo, W. S. Treatments targeting neuroendocrine
dysfunction in polycystic ovary syndrome (PCOS). Clin. Endocrinol. 97, 156-164 (2022).
Gilling-Smith, C., Willis, D. S., Beard, R. W. & Franks, S. Hypersecretion of
androstenedione by isolated thecal cells from polycystic ovaries. J. Clin. Endocrinol.
Metab. 79, 1158-1165 (1994).

Gilling-Smith, C., Story, H., Rogers, V. & Franks, S. Evidence for a primary abnormality of
thecal cell steroidogenesis in the polycystic ovary syndrome. Clin. Endocrinol. 47, 93-99
(1997).

Ruddenklau, A. & Campbell, R. E. Neuroendocrine impairments of polycystic ovary
syndrome. Endocrinology 160, 2230-2242 (2019).

Dewailly, D. et al. Interactions between androgens, FSH, anti-Mullerian hormone

and estradiol during folliculogenesis in the human normal and polycystic ovary.

Hum. Reprod. Update 22, 709-724 (2016).

Dewailly, D., Barbotin, A. L., Dumont, A., Catteau-Jonard, S. & Robin, G. Role of anti-Millerian
hormone in the pathogenesis of polycystic ovary syndrome. Front. Endocrinol. 11, 641(2020).
Cimino, I. et al. Novel role for anti-Mdllerian hormone in the regulation of GnRH neuron
excitability and hormone secretion. Nat. Commun. 7, 10055 (2016).

Nestler, J. E. et al. Insulin stimulates testosterone biosynthesis by human thecal cells
from women with polycystic ovary syndrome by activating its own receptor and using
inositolglycan mediators as the signal transduction system. J. Clin. Endocrinol. Metab.
83, 2001-2005 (1998).

Wang, P. et al. Hypomethylation of the LH/choriogonadotropin receptor promoter
region is a potential mechanism underlying susceptibility to polycystic ovary syndrome.
Endocrinology 155, 1445-1452 (2014).

Zhao, H., Zhang, J., Cheng, X., Nie, X. & He, B. Insulin resistance in polycystic ovary
syndrome across various tissues: an updated review of pathogenesis, evaluation, and
treatment. J. Ovarian Res. 16, 9 (2023).

Koivuaho, E. et al. Age at adiposity rebound in childhood is associated with PCOS
diagnosis and obesity in adulthood-longitudinal analysis of BMI data from birth to age 46
in cases of PCOS. Int. J. Obes. 43, 1370-1379 (2019).

Ollila, M. M. et al. Weight gain and dyslipidemia in early adulthood associate with
polycystic ovary syndrome: prospective cohort study. J. Clin. Endocrinol. Metab. 101,
739-747 (2016).

Manneras-Holm, L. et al. Adipose tissue has aberrant morphology and function in PCOS:
enlarged adipocytes and low serum adiponectin, but not circulating sex steroids, are
strongly associated with insulin resistance. J. Clin. Endocrinol. Metab. 96, E304-E311 (2011).
Stener-Victorin, E. et al. Proteomic analysis shows decreased type | fibers and ectopic fat
accumulation in skeletal muscle from women with PCOS. Elife 12, RP87592 (2024).
Zhang, Y., Chen, Z. J. & Zhao, H. Polycystic ovary syndrome: a metabolic disorder with
therapeutic opportunities. Cell Metab. 37, 1932-1949 (2025).

Bril, F. et al. Adipose tissue dysfunction in polycystic ovary syndrome. J. Clin. Endocrinol.
Metab. 109, 10-24 (2023).

Raeisi, T. et al. Circulating resistin and follistatin levels in obese and non-obese women
with polycystic ovary syndrome: a systematic review and meta-analysis. PLoS ONE 16,
0246200 (2021).

Diamanti-Kandarakis, E. & Dunaif, A. Insulin resistance and the polycystic ovary syndrome
revisited: an update on mechanisms and implications. Endocr. Rev. 33, 981-1030 (2012).
Chazenbalk, G. et al. Androgens inhibit adipogenesis during human adipose stem cell
commitment to preadipocyte formation. Steroids 78, 920-926 (2013).

O'Reilly, M. W. et al. AKR1C3-mediated adipose androgen generation drives lipotoxicity
in women with polycystic ovary syndrome. J. Clin. Endocrinol. Metab. 102, 3327-3339
(2017).

Kakoly, N. S. et al. Ethnicity, obesity and the prevalence of impaired glucose tolerance and
type 2 diabetes in PCOS: a systematic review and meta-regression. Hum. Reprod. Update
24, 455-467 (2018).

Barber, T. M. et al. Global adiposity rather than abnormal regional fat distribution
characterizes women with polycystic ovary syndrome. J. Clin. Endocrinol. Metab.

93, 999-1004 (2008).

Ezeh, U., Chen, I. Y., Chen, Y. H. & Azziz, R. Adipocyte insulin resistance in PCOS:
relationship with GLUT-4 expression and whole-body glucose disposal and B-cell
function. J. Clin. Endocrinol. Metab. 105, e2408-e2420 (2020).

Sendur, S. N. & Yildiz, B. O. Influence of ethnicity on different aspects of polycystic ovary
syndrome: a systematic review. Reprod. Biomed. Online 42, 799-818 (2021).

Berni, T. R., Morgan, C. L. & Rees, D. A. Women with polycystic ovary syndrome have an
increased risk of major cardiovascular events: a population study. J. Clin. Endocrinol. Metab.
106, e3369-e3380 (2021).

Ollila, M. M. et al. Women with PCOS have an increased risk for cardiovascular

disease regardless of diagnostic criteria-a prospective population-based cohort study.
Eur. J. Endocrinol. 189, 96-105 (2023).

Zhu, T., Cui, J. & Goodarzi, M. O. Polycystic ovary syndrome and risk of type 2 diabetes,
coronary heart disease, and stroke. Diabetes 70, 627-637 (2021).

Awoke, M. A. et al. Weight gain and lifestyle factors in women with and without polycystic
ovary syndrome. Hum. Reprod. 37,129-141(2021).

Nature Reviews Endocrinology


http://www.nature.com/nrendo

Review article

83.

84.

85.

86.

87.

88.

89.

90.

.

92.

93.

94.

95.

96.

97.

98.

90.

100.

101.

102.

108.

104.

105.

106.

107.

108.

109.

10.

m.

Lim, S. S., Davies, M. J., Norman, R. J. & Moran, L. J. Overweight, obesity and central
obesity in women with polycystic ovary syndrome: a systematic review and meta-analysis.
Hum. Reprod. Update 18, 618-637 (2012).

Dobbie, L. J. et al. Childhood, adolescent, and adulthood adiposity are associated with
risk of PCOS: a mendelian randomization study with meta-analysis. Hum. Reprod. 38,
1168-1182 (2023).

Aboeldalyl, S. et al. The role of chronic inflammation in polycystic ovarian syndrome — a
systematic review and meta-analysis. Int. J. Mol. Sci. 22, 2734 (2021).

Torstensson, S. et al. Androgens modulate the immune profile in a mouse model of
polycystic ovary syndrome. Adv. Sci. 11, €2401772 (2024).

Neven, A. C. H., Mousa, A., Boyle, J. A. & Teede, H. J. Endocrine and metabolic
interactions in healthy pregnancies and hyperinsulinemic pregnancies affected

by polycystic ovary syndrome, diabetes and obesity. Front. Endocrinol. 13, 993619
(2022).

Yan, H. et al. Oxidative stress and energy metabolism abnormalities in polycystic ovary
syndrome: from mechanisms to therapeutic strategies. Reprod. Biol. Endocrinol. 22,159
(2024).

Palomba, S., Piltonen, T. T. & Giudice, L. C. Endometrial function in women with
polycystic ovary syndrome: a comprehensive review. Hum. Reprod. Update 27, 584-618
(2021).

Eriksson, G. et al. Single-cell profiling of the human endometrium in polycystic ovary
syndrome. Nat. Med. 31, 1925-1938 (2025).

Piltonen, T.T. et al. Mesenchymal stem/progenitors and other endometrial cell types
from women with polycystic ovary syndrome (PCOS) display inflammatory and
oncogenic potential. J. Clin. Endocrinol. Metab. 98, 3765-3775 (2013).

Huddleston, H. G. & Dokras, A. Diagnosis and treatment of polycystic ovary syndrome.
JAMA 327, 274-275 (2022).

Ye, W., Xie, T., Song, Y. & Zhou, L. The role of androgen and its related signals in PCOS.

J. Cell Mol. Med. 25, 1825-1837 (2021).

Joham, A. E., Teede, H. J., Ranasinha, S., Zoungas, S. & Boyle, J. Prevalence of infertility
and use of fertility treatment in women with polycystic ovary syndrome: data from a large
community-based cohort study. J. Womens Health 24, 299-307 (2015).

Rosenfield, R. L. & Ehrmann, D. A. The pathogenesis of polycystic ovary syndrome
(PCOS): the hypothesis of PCOS as functional ovarian hyperandrogenism revisited.
Endocr. Rev. 37, 467-520 (2016).

Meltsov, A. et al. Targeted gene expression profiling for accurate endometrial receptivity
testing. Sci. Rep. 13, 13959 (2023).

Persson, S. et al. Fecundity among women with polycystic ovary syndrome (PCOS)—a
population-based study. Hum. Reprod. 34, 2052-2060 (2019).

Forslund, M. et al. Fertility and age at childbirth in polycystic ovary syndrome: results from
a longitudinal population-based cohort study. Am. J. Obstet. Gynecol. 232, 545.1-545.610
(2025).

Mills, G., Badeghiesh, A., Suarthana, E., Baghlaf, H. & Dahan, M. H. Polycystic ovary
syndrome as an independent risk factor for gestational diabetes and hypertensive
disorders of pregnancy: a population-based study on 9.1 million pregnancies.

Hum. Reprod. 35, 1666-1674 (2020).

Chen, X., Kong, L., Piltonen, T. T., Gissler, M. & Lavebratt, C. Association of polycystic
ovary syndrome or anovulatory infertility with offspring psychiatric and mild
neurodevelopmental disorders: a Finnish population-based cohort study. Hum. Reprod.
35, 2336-2347 (2020).

Oberg, A. S., VanderWeele, T. J., Almqyist, C. & Hernandez-Diaz, S. Pregnancy
complications following fertility treatment — disentangling the role of multiple
gestation. Int. J. Epidemiol. 47,1333-1342 (2018).

Vannuccini, S. et al. Infertility and reproductive disorders: impact of hormonal and
inflammatory mechanisms on pregnancy outcome. Hum. Reprod. Update 22, 104-115
(2016).

von Versen-Hoynck, F. et al. Absent or excessive corpus luteum number is associated
with altered maternal vascular health in early pregnancy. Hypertension 73, 680-690
(2019).

Neven, A. C. H. et al. Prevalence of polycystic ovary syndrome: a global and regional
systematic review and meta-analysis. Hum. Reprod. Update 32, 277-312 (2026).

Neven, A. C. H. et al. Prevalence and accurate diagnosis of polycystic ovary syndrome

in adolescents across world regions: a systematic review and meta-analysis. Eur. J.
Endocrinol. 191, $15-527 (2024).

VanHise, K. et al. Racial and ethnic disparities in polycystic ovary syndrome. Fertil. Steril.
119, 348-354 (2023).

Lengelé, L., Grande de Franga, N. A., Rolland, Y., Guyonnet, S. & de Souto Barreto, P.
Body composition, physical function, and dietary patterns in people from 20 to over

80 years old. J. Nutr. Health Aging 27, 1047-1055 (2023).

Gao, X. et al. Data-driven subtypes of polycystic ovary syndrome and their association
with clinical outcomes. Nat. Med. 31, 4214-4224 (2025).

Tan, E. K. &Tan, E. L. Alterations in physiology and anatomy during pregnancy.

Best. Pract. Res. Clin. Obstet. Gynaecol. 27, 791-802 (2013).

Kuijper, E. A., Ket, J. C., Caanen, M. R. & Lambalk, C. B. Reproductive hormone
concentrations in pregnancy and neonates: a systematic review. Reprod. Biomed. Online
27, 33-63 (2013).

Huang, J., Liu, Y., Yang, H., Xu, Y. & Lv, W. The effect of serum [3-human chorionic gonadotropin
on pregnancy complications and adverse pregnancy outcomes: a systematic review and
meta-analysis. Comput. Math. Methods Med. 2022, 8315519 (2022).

12.

13.

4.

5.

1e.

n7.

8.

9.

120.

121

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Li, M. Y. et al. Sex hormone-binding globulin, cardiometabolic biomarkers, and
gestational diabetes: a longitudinal study and meta-analysis. Matern. Fetal Med. 2,
2-9(2020).

Hufnagel, A., Dearden, L., Fernandez-Twinn, D. S. & Ozanne, S. E. Programming of
cardiometabolic health: the role of maternal and fetal hyperinsulinaemia. J. Endocrinol.
253, R47-R63 (2022).

Koéninger, A. et al. Anti-Mullerian-hormone levels during pregnancy and postpartum.
Reprod. Biol. Endocrinol. 11, 60 (2013).

Kaing, A. et al. Highly elevated level of antimiillerian hormone associated with preterm
delivery in polycystic ovary syndrome patients who underwent ovulation induction.
Fertil. Steril. 115, 438-446 (2021).

Herrera, E. & Desoye, G. Maternal and fetal lipid metabolism under normal and
gestational diabetic conditions. Horm. Mol. Biol. Clin. Investig. 26, 109-127 (2016).

Wan, J. et al. The reduction in circulating levels of estrogen and progesterone in women
with preeclampsia. Pregnancy Hypertens. 11,18-25 (2018).

Goldstein, R. F. et al. Gestational weight gain across continents and ethnicity: systematic
review and meta-analysis of maternal and infant outcomes in more than one million
women. BMC Med. 16, 153 (2018).

Chatterjee, P., Chiasson, V. L., Bounds, K. R. & Mitchell, B. M. Regulation of the
anti-inflammatory cytokines interleukin-4 and interleukin-10 during pregnancy.

Front. Immunol. 5, 253 (2014).

Jarmund, A. H. et al. Cytokine patterns in maternal serum from first trimester to term and
beyond. Front. Immunol. 12, 752660 (2021).

Morel, Y. et al. Evolution of steroids during pregnancy: maternal, placental and fetal
synthesis. Ann. Endocrinol. 77, 82-89 (2016).

Kaludjerovic, J. & Ward, W. E. The interplay between estrogen and fetal adrenal cortex.

J. Nutr. Metab. 2012, 837901 (2012).

Xia, Q. et al. Elevated baseline LH/FSH ratio is associated with poor ovulatory response
but better clinical pregnancy and live birth in Chinese women with PCOS after ovulation
induction. Heliyon 9, 13024 (2023).

Yang, Y., Liu, B., Wu, G. & Yang, J. Exploration of the value of progesterone and progesterone/
estradiol ratio on the hCG trigger day in predicting pregnancy outcomes of PCOS patients
undergoing IVF/ICSI: a retrospective cohort study. Reprod. Biol. Endocrinol. 19, 184 (2021).
Xu, X. L., Deng, S. L., Lian, Z. X. & Yu, K. Estrogen receptors in polycystic ovary syndrome.
Cells 10, 459 (2021).

Hulchiy, M., Nybacka, A, sahlin, L. & Hirschberg, A. L. Endometrial expression of estrogen
receptors and the androgen receptor in women with polycystic ovary syndrome:

a lifestyle intervention study. J. Clin. Endocrinol. Metab. 101, 561-571(2016).

Piltonen, T. T. Polycystic ovary syndrome: endometrial markers. Best. Pract. Res. Clin.
Obstet. Gynaecol. 37, 66-79 (2016).

Derisoud, E., Jiang, H., Zhao, A., Chavatte-Palmer, P. & Deng, Q. Revealing the molecular
landscape of human placenta: a systematic review and meta-analysis of single-cell RNA
sequencing studies. Hum. Reprod. Update 30, 410-441(2024).

Luyckx, L. et al. Prenatally androgenized PCOS mice have ovary-independent uterine
dysfunction and placental inflammation aggravated by high-fat diet. Sci. Adv. 11,
eadu3699 (2025).

Lu, H. et al. Dissecting the impact of maternal androgen exposure on developmental
programming through targeting the androgen receptor. Adv. Sci. 11, €2309429 (2024).
Valdimarsdottir, R. et al. Pregnancy outcome in women with polycystic ovary syndrome
in relation to second-trimester testosterone levels. Reprod. BioMed. Online 42, 217-225
(2021).

Falbo, A. et al. Changes in androgens and insulin sensitivity indexes throughout
pregnancy in women with polycystic ovary syndrome (PCOS): relationships with adverse
outcomes. J. Ovarian Res. 3, 23 (2010).

Naver, K. V. et al. Increased risk of preterm delivery and pre-eclampsia in women with
polycystic ovary syndrome and hyperandrogenaemia. BJOG 121, 575-581(2014).

de Wilde, M. A. et al. Increased rates of complications in singleton pregnancies of
women previously diagnosed with polycystic ovary syndrome predominantly in the
hyperandrogenic phenotype. Fertil. Steril. 108, 333-340 (2017).

Wang, S., Tan, J., Wang, C., Huang, J. & Zhou, C. Free androgen index might not be a
perfect predictor of infertility outcomes in patients with polycystic ovary syndrome
undergoing frozen embryo transfer:a retrospective cohort study. Int. J. Womens Health
16, 1349-1359 (2024).

Li, Y. et al. Comparing the risk of adverse pregnancy outcomes of Chinese patients with
polycystic ovary syndrome with and without antiandrogenic pretreatment. Fertil. Steril.
109, 720-727 (2018).

Farland, L. V. et al. Polycystic ovary syndrome and risk of adverse pregnancy outcomes:
aregistry linkage study from Massachusetts. Hum. Reprod. 37, 2690-2699 (2022).
Lewandowski, K. et al. High prevalence of early (Ist trimester) gestational diabetes
mellitus in Polish women is accompanied by marked insulin resistance — comparison to
PCOS model. Endokrynol. Pol. 73,1-7 (2022).

Veltman-Verhulst, S. M. et al. Sex hormone-binding globulin concentrations before
conception as a predictor for gestational diabetes in women with polycystic ovary
syndrome. Hum. Reprod. 25, 3123-3128 (2010).

Bjercke, S. et al. Impact of insulin resistance on pregnancy complications and outcome
in women with polycystic ovary syndrome. Gynecol. Obstet. Invest. 54, 94-98 (2002).
Diboun, I. et al. Metabolomic profiling of pregnancies with polycystic ovary syndrome
identifies a unique metabolic signature and potential predictive biomarkers of low birth
weight. Front. Endocrinol. 12, 638727 (2021).

Nature Reviews Endocrinology


http://www.nature.com/nrendo

Review article

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

7.

172.

173.

Lair, B., Laurens, C., Van Den Bosch, B. & Moro, C. Novel insights and mechanisms of
lipotoxicity-driven insulin resistance. Int. J. Mol. Sci. 21, 6358 (2020).

Summers, S. A. Ceramides in insulin resistance and lipotoxicity. Prog. Lipid Res. 45,
42-72 (2006).

Abbade, J. et al. Increased placental mitochondrial fusion in gestational diabetes
mellitus: an adaptive mechanism to optimize feto-placental metabolic homeostasis?
BMJ Open Diabetes Res. Care 8, 000923 (2020).

Blachnio-Zabielska, A. U., Chacinska, M., Vendelbo, M. H. & Zabielski, P. The crucial role
of c18-cer in fat-induced skeletal muscle insulin resistance. Cell. Physiol. Biochem. 40,
1207-1220 (2016).

Palomba, S. et al. Pregnancy complications in women with polycystic ovary syndrome.
Hum. Reprod. Update 21, 575-592 (2015).

Kangasniemi, M. H. et al. Artificial intelligence deep learning model assessment of
leukocyte counts and proliferation in endometrium from women with and without
polycystic ovary syndrome. F. S. Sci. 3, 174-186 (2022).

Piltonen, T. T. in How to Prepare the Endometrium to Maximize Implantation Rates and IVF
Success (eds Kovacs, G. & Salamonsen, L.) 187-196 (Cambridge Univ. Press, 2019).
Stokkeland, L. M. T. et al. Changes in serum cytokines throughout pregnancy in women
with polycystic ovary syndrome. J. Clin. Endocrinol. Metab. 107, 39-52 (2022).

Palomba, S. et al. Low-grade chronic inflammation in pregnant women with polycystic
ovary syndrome: a prospective controlled clinical study. J. Clin. Endocrinol. Metab. 99,
2942-2951(2014).

Fougner, S. L., Vanky, E., Lavvik, T. S. & Carlsen, S. M. No impact of gestational diabetes
mellitus on pregnancy complications in women with PCOS, regardless of GDM criteria
used. PLoS ONE 16, e0254895 (2021).

Talmo, M. S. A. et al. Growth restriction in the offspring of mothers with polycystic ovary
syndrome. JAMA Netw. Open 7, 2430543 (2024).

Valgeirsdottir, H. et al. Polycystic ovary syndrome and risk of stillbirth: a nationwide
register-based study. BJOG 128, 2073-2082 (2021).

Boomsma, C. M. et al. A meta-analysis of pregnancy outcomes in women with polycystic
ovary syndrome. Hum. Reprod. Update 12, 673-683 (2006).

Yu, H. F., Chen, H. S., Rao, D. P. & Gong, J. Association between polycystic ovary
syndrome and the risk of pregnancy complications: a PRISMA-compliant systematic
review and meta-analysis. Medicine 95, e4863 (2016).

Qin, J. Z. et al. Obstetric complications in women with polycystic ovary syndrome:

a systematic review and meta-analysis. Reprod. Biol. Endocrinol. 11, 56 (2013).

Wei, S. Q., Bilodeau-Bertrand, M. & Auger, N. Association of PCOS with offspring
morbidity: a longitudinal cohort study. Hum. Reprod. 37, 2135-2142 (2022).

Doherty, D. A., Newnham, J. P., Bower, C. & Hart, R. Implications of polycystic ovary
syndrome for pregnancy and for the health of offspring. Obstet. Gynecol. 125, 1397-1406
(2015).

Wang, H. et al. Maternal hypertensive disorders and neurodevelopmental disorders

in offspring: a population-based cohort in two nordic countries. Eur. J. Epidemiol. 36,
519-530 (2021).

Katsigianni, M., Karageorgiou, V., Lambrinoudaki, I. & Siristatidis, C. Maternal polycystic
ovarian syndrome in autism spectrum disorder: a systematic review and meta-analysis.
Mol. Psychiatry 24,1787-1797 (2019).

Hofman, P. L. et al. Premature birth and later insulin resistance. N. Engl. J. Med. 351,
2179-2186 (2004).

Hovi, P. et al. Glucose regulation in young adults with very low birth weight. N. Engl. J. Med.
356, 2053-2063 (2007).

Neiger, R. Long-term effects of pregnancy complications on maternal health: a review.
J. Clin. Med. 6, 76 (2017).

Ryu, K. J. et al. Maternal polycystic ovary syndrome and the risk of early childhood obesity in
female offspring: a nationwide population-based study. J. Korean Med. Sci. 38, €111(2023).
Zhang, F., Ying, L., Zhang, Q., Wang, F. & Qu, F. Association between maternal polycystic
ovary syndrome and early childhood growth: a continuous observation from 3 months to
6 years of age. J. Assist. Reprod. Genet. 39, 461-471(2022).

Chen, X., Koivuaho, E., Piltonen, T. T., Gissler, M. & Lavebratt, C. Association of maternal
polycystic ovary syndrome or anovulatory infertility with obesity and diabetes in
offspring: a population-based cohort study. Hum. Reprod. 36, 2345-2357 (2021).
Chavey, A., Ah Kioon, M. D., Bailbé, D., Movassat, J. & Portha, B. Maternal diabetes,
programming of beta-cell disorders and intergenerational risk of type 2 diabetes.
Diabetes Metab. 40, 323-330 (2014).

Joham, A. E. et al. Obesity, polycystic ovary syndrome and breastfeeding: an
observational study. Acta Obstet. Gynecol. Scand. 95, 458-466 (2016).

Rassie, K., Dhungana, R. R., Mousa, A., Teede, H. & Joham, A. E. Maternal metabolic
conditions as predictors of breastfeeding outcomes: insights from an Australian cohort
study. Acta Obstet. Gynecol. Scand. 103, 1570-1583 (2024).

Husby, A. E., Simpson, M. R., Dalbye, R., Lavvik, T. S. & Vanky, E. Exclusive breastfeeding
among women with polycystic ovary syndrome versus women from a population-based
cohort: a cohort study. Int. Breastfeed. J. 21, 54 (2026).

Prado, D. S. et al. The influence of mode of delivery on neonatal and maternal short and
long-term outcomes. Rev. Saude Publica 52, 95 (2018).

Binns, C., Lee, M. & Low, W. Y. The long-term public health benefits of breastfeeding. Asia
Pac. J. Public. Health 28, 7-14 (2016).

Dietz de Loos, A. L. P. et al. Improvements in PCOS characteristics and phenotype
severity during a randomized controlled lifestyle intervention. Reprod. Biomed. Online
43,298-309 (2021).

174. Charkamyani, F., Hosseinkhani, A., Neisani Samani, L. & Khedmat, L. Reducing the

adverse maternal and fetal outcomes in IVF women by exercise interventions during

pregnancy. Res. Q. Exerc. Sport. 90, 589-599 (2019).

van Oers, A. M. et al. Association between periconceptional weight loss and maternal

and neonatal outcomes in obese infertile women. PLoS ONE 13, e0192670 (2018).

Magnusson, A et al. Endometrial preparation protocols prior to frozen embryo

transfer — convenience or safety? Reprod. Biomed. Online 48,103587 (2024).

Morin-Papunen, L. et al. Metformin improves pregnancy and live-birth rates in women

with polycystic ovary syndrome (PCOS): a multicenter, double-blind, placebo-controlled

randomized trial. J. Clin. Endocrinol. Metab. 97, 1492-1500 (2012).

Kjetred, S. B. et al. Use of metformin before and during assisted reproductive technology

in non-obese young infertile women with polycystic ovary syndrome: a prospective,

randomized, double-blind, multi-centre study. Hum. Reprod. 26, 2045-2053 (2011).

van der Wel, A. W. T. et al. Myo-inositol supplementation to prevent pregnancy

complications in polycystic ovary syndrome: a randomized clinical trial. JAMA 334,

1151-1159 (2025).

Dao, K. et al. Use of GLP1 receptor agonists in early pregnancy and reproductive safety:

a multicentre, observational, prospective cohort study based on the databases of six

teratology information services. BMJ Open 14, e083550 (2024).

181. Huviid, K. et al. P-779 GLP-1receptor agonist treatment in early pregnancy and risk of

pregnancy complications — a nationwide cohort study. Hum. Reprod. 39, deae108.041

(2024).

Maya, J. et al. Gestational weight gain and pregnancy outcomes after GLP-1 receptor

agonist discontinuation. JAMA 334, 2186-2196 (2025).

Benham, J. L. et al. Impact of bariatric surgery on anthropometric, metabolic, and

reproductive outcomes in polycystic ovary syndrome: a systematic review and

meta-analysis. Obes. Rev. 25, 13737 (2024).

Samarasinghe, S. N. S. et al. Bariatric surgery for spontaneous ovulation in women living

with polycystic ovary syndrome: the BAMBINI multicentre, open-label, randomised

controlled trial. Lancet 403, 2489-2503 (2024).

Johansson, K. et al. Outcomes of pregnancy after bariatric surgery. N. Engl. J. Med. 372,

814-824 (2015).

Bluher, M. Obesity: global epidemiology and pathogenesis. Nat. Rev. Endocrinol. 15,

288-298 (2019).

Jaacks, L. M. et al. The obesity transition: stages of the global epidemic. Lancet Diabetes

Endocrinol. 7, 231-240 (2019).

Souza, J. P. et al. A global analysis of the determinants of maternal health and transitions

in maternal mortality. Lancet Glob. Health 12, e306-e316 (2024).

Jackson, K. E., Hamad, R., Karasek, D. & White, J. S. Sugar-sweetened beverage

taxes and perinatal health: a quasi-experimental study. Am. J. Prev. Med. 65, 366-376

(2023).

Lloyd, M., Teede, H., Bailey, C., Callander, E. & Ademi, Z. Projected return on investment

from implementation of a lifestyle intervention to reduce adverse pregnancy outcomes.

JAMA Netw. Open 5, €2230683 (2022).

191. Teede, H. J. et al. Association of antenatal diet and physical activity-based interventions

with gestational weight gain and pregnancy outcomes: a systematic review and

meta-analysis. JAMA Intern. Med. 182, 106-114 (2022).

Cantor, A. G. et al. Counseling and behavioral interventions for healthy weight and

weight gain in pregnancy: evidence report and systematic review for the US Preventive

Services Task Force. JAMA 325, 2094-2109 (2021).

Lowvik, T. S. et al. Use of metformin to treat pregnant women with polycystic ovary

syndrome (PregMet2): a randomised, double-blind, placebo-controlled trial. Lancet

Diabetes Endocrinol. 7, 256-266 (2019).

Mousa, A. et al. Metformin in Pregnancy Study (MiPS): protocol for a systematic review

with individual patient data meta-analysis. BMJ Open 10, 036981 (2020).

Alesi, S. et al. Early pregnancy biomarkers of inflammation and metabolic regulation

in polycystic ovary syndrome. J. Clin. Endocrinol. Metab. https://doi.org/10.1210/

clinem/dgag098 (2026).

Morisaki, N. et al. Risk factors for spontaneous and provider-initiated preterm delivery

in high and low human development index countries: a secondary analysis of the world

health organization multicountry survey on maternal and newborn health. BJOG 121,

101-109 (2014).

Valero de Bernabg, J. et al. Risk factors for low birth weight: a review. Eur. J. Obstet.

Gynecol. Reprod. Biol. 116, 3-15 (2004).

Alur-Gupta, S., Boland, M. R., Barnhart, K. T., Sammel, M. D. & Dokras, A. Postpartum

complications increased in women with polycystic ovary syndrome. Am. J. Obstet.

Gynecol. 224, 280.1-280.€13 (2021).

Tay, C. T. et al. Perinatal mental health in women with polycystic ovary syndrome:

a cross-sectional analysis of an Australian population-based cohort. J. Clin. Med. 8,

2070 (2019).

200. Rolnik, D. L. et al. Aspirin versus placebo in pregnancies at high risk for preterm
preeclampsia. N. Engl. J. Med. 377, 613-622 (2017).

175.
176.

177.

178.

17e.

180.

182.

183.

184.

185.
186.
187.
188.

189.

190.

192.

193.

194.

195.

196.

197.

198.

199.

Acknowledgements
The Australian National Health and Medical Research Council (NHMRC) funded Centre for
Research Excellence in Women'’s Health in Reproductive Life (CRE-WHIRL) (APP#1171592).

Author contributions
The authors contributed equally to all aspects of the article.

Nature Reviews Endocrinology


http://www.nature.com/nrendo
https://doi.org/10.1210/clinem/dgag098
https://doi.org/10.1210/clinem/dgag098

Review article

Competing interests

H.JT. is the primary investigator of the Australian National Health and Medical Research
Council (NHMRC)-funded Centre for Research Excellence in Women'’s Health in Reproductive
Life (CRE-WHIRL; APP#1171592) and is supported by an NHMRC Fellowship (APP#2009326).
She is the president of the International Society of Endocrinology. TT.P. is the president of

the Androgen Excess and Polycystic Ovary Syndrome Society (AEPCOS). L.J.M. is the chief
investigator of the CRE-WHiIRL and is supported by a Veski Fellowship. The other authors
declare no competing interests.

Additional information

Peer review information Nature Reviews Endocrinology thanks Mei-Jou Chen, who
co-reviewed with Chu-Chun Huang; Adam Balen; and the other, anonymous, reviewer(s)
for their contribution to the peer review of this work.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this
article under a publishing agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article is solely governed by the
terms of such publishing agreement and applicable law.

© Springer Nature Limited 2026

Nature Reviews Endocrinology


http://www.nature.com/nrendo

	Polyendocrine metabolic ovarian syndrome in pregnancy: pathophysiology and outcomes

	Introduction

	Pathophysiology of PMOS

	Genetic susceptibility

	Epigenetic modifications

	Endocrine and metabolic abnormalities

	Inflammation

	Reproductive dysfunction


	Ethnic and regional variation in PMOS

	Physiological adaptations in pregnancy

	Endocrine and metabolic adaptations

	Inflammatory adaptations

	Reproductive adaptations


	Pregnancy and birth in PMOS

	Box 1 | Physiological adaptations to pregnancy and interactions with PMOS

	Ovulation, conception and early pregnancy loss

	Hyperandrogenism and placental dysfunction

	Insulin resistance and adiposity

	Lipid metabolism and fetal growth outcomes

	Endometrial dysfunction and immune dysregulation

	Outcome data

	Maternal risks
	Neonate risks
	Long-term risks in offspring


	Clinical implications and recommendations

	Preconception

	Box 2 | Research priorities for pathophysiology and outcomes of PMOS in pregnancy

	Pregnancy


	Research priorities

	Conclusions

	Acknowledgements

	Fig. 1 Endocrine, metabolic and reproductive dysregulations in polyendocrine metabolic ovarian syndrome.
	Table 1 Pregnancy risks in those with polyendocrine metabolic ovarian syndrome.




