W) Check for updates

e

doi: 10.1111/joim.70156

Recent advances in polyendocrine metabolic ovarian
syndrome, formerly polycystic ovary syndrome, with
emphasis on endocrine and metabolic dysfunction

and cardiovascular risk

® Maria Forslund’2 @, Johanna Melin® ©, Anju E. Joham*® ©, Terhi T. Piltonen® ©, D. Aled Rees’” © &

Helena J. Teede*®

From the ! Department of Obstetrics and Gynecology, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg,
Gothenburg, Sweden; °Department of Gynecology and Obstetrics, Sahlgrenska University Hospital, Region Véistra Gétaland, Gothenburg,
Sweden; 3 Department of Obstetrics and Gynecology, University of Helsinki, Helsinki University Hospital, Helsinki, Finland; *Monash Centre
for Health Research and Implementation, Faculty of Medicine Nursing and Health Science, Monash University, Melbourne, Australia;
SEndocrine and Diabetes Units, Monash Health, Melbourne, Australia; ® University of Oulu, Oulu, Finland; and 7 Neuroscience and Mental

Health Innovation Institute, Cardiff University, Cardiff, UK

Abstract. Forslund M, Melin J, Joham AE, Pilto-
nen TT, Rees DA, Teede HJ. Recent advances in
polyendocrine metabolic ovarian syndrome, for-
merly polycystic ovary syndrome, with emphasis
on endocrine and metabolic dysfunction and car-
diovascular risk. J Intern Med. 2026;1-20.

Polyendocrine  metabolic ovarian syndrome
(PMOS), previously known as polycystic ovary
syndrome, affects 10%-13% of women of repro-
ductive age and remains underdiagnosed despite
its substantial health burden. The introduction
of the new PMOS nomenclature in 2026 reflects
a fundamental shift in understanding the condi-
tion as a lifelong endocrine and metabolic disorder
with prominent reproductive, psychological, der-
matological, and cardiometabolic consequences.
Once considered primarily a reproductive disorder,
PMOS is now recognized as a multisystem condi-
tion. Insulin resistance and compensatory hyper-
insulinemia are central pathophysiological mecha-
nisms linking endocrine and metabolic features to
reproductive dysfunction. In PMOS, insulin resis-
tance affects 75% of lean and 95% of overweight
women. Here we focus on the metabolic features.
Recent advances in epidemiology include the first
systematic review and meta-analysis examining
regional variations in PMOS prevalence. In parallel,
contemporary population-based studies of unse-
lected women have confirmed that increased risks

of metabolic complications observed in selected
clinical cohorts also apply at the population level
and have demonstrated increased risk of major
adverse cardiovascular events (MACE). These stud-
ies report an almost 3-fold increased risk of Type
2 diabetes (OR 2.9) and MACE (HR 1.2-2.5), with
cardiovascular risk diverging from approximately
35 years of age. In this review, we summarize
recent advances in epidemiology, pathophysiology,
metabolic dysfunction, and cardiovascular risk of
PMOS, together with their implications for diagno-
sis and clinical management. Recognizing PMOS
as an early-life marker of cardiometabolic disease
highlights opportunities for earlier diagnosis, pre-
vention, and individualized risk stratification, sup-
porting integrated, patient-centered care across
the life course.
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tion; FSH, follicle-stimulating hormone; GDM, ges-
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peptide-1 receptor agonist; GnRH, gonadotropin-
releasing hormone; HA, hyperandrogenism; HDL,
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cose; IGT, impaired glucose tolerance; LH, luteiniz-
ing hormone; MACE, major adverse cardiovascular
events; MASLD, metabolic dysfunction-associated

steatotic liver disease; NIH, National Institutes of
Health; NK3R, Neurokinin 3 receptor; OD, ovu-
latory dysfunction; OGTT, oral glucose tolerance
test; PCOM, polycystic ovarian morphology; PCOS,
polycystic ovary syndrome; PMOS, polyendocrine
metabolic ovarian syndrome; SHBG, sex hormone-
binding globulin; T2DM, Type 2 diabetes mellitus;
VLDL, very-low-density lipoprotein; WHO, World
Health Organization

Introduction: evolving perspectives on PMOS, including a
new name

Polyendocrine  metabolic ovarian syndrome
(PMOS), formerly called polycystic ovary syn-
drome, relies on diagnostic criteria in adults,
including hyperandrogenism, ovulatory dysfunc-
tion (OD), and polycystic ovarian morphology
or increased anti-Mullerian hormone (AMH) lev-
els [1, 2]. The diagnostic criteria capture the
downstream most common impacts of hormonal
change aligned to contemporary research and
guidelines that recognize PMOS as a complex
multisystem condition with important metabolic
and cardiometabolic implications across the life
course [3]. Recent epidemiological, mechanis-
tic, and longitudinal studies have substantially
advanced our understanding of PMOS, identifying
insulin resistance and hyperinsulinemia as cen-
tral drivers linking reproductive dysfunction with
long-term metabolic and cardiovascular disease
(CVD). Women with PMOS have an approximately
3-fold increased risk of Type 2 diabetes and a
20%-70% increased risk of CVD, depending on
the population studied, with elevated risks for
major adverse cardiovascular events (MACE)
emerging from early adulthood. Insulin resistance
and hyperinsulinemia are considered central
components of the underlying pathophysiology,
contributing not only to reproductive features
but also to adverse metabolic profiles that may
emerge early, including in individuals without
obesity.

The evolving understanding of this condition has
also transformed how PMOS is conceptualized and
communicated and intensified the long-standing
debate regarding whether its name accurately
reflected contemporary science, patient experi-
ence, and clinical practice. International evidence-

based guidelines highlight PMOS as a multisys-
tem condition with implications far beyond the
ovary [2], contributing to diagnostic confusion,
delayed recognition, and stigma [4]. In fact, there
is no increase in pathological ovarian cysts, only
arrested follicles [5]. The 2012 NIH Evidence-based
Workshop formally recommended renaming the
condition to better align with its pathophysiology
and improve education, research, and clinical com-
munication [6], affirmed in the 2023 International
Guidelines [2].

Recent global efforts delivered a mandate for
change supported by 81% of clinicians and those
affected by the condition [4]. The multistage pro-
cess of change engaged patients, multidisciplinary
clinicians, 56 professional societies, and advocacy
groups across six world regions, with 22,000 sur-
vey responses and multiple international work-
shops. This large, methodologically rigorous, inter-
national process [1, 4] established principles: sci-
entific accuracy, communication clarity, cultural
and linguistic appropriateness, and avoidance of
stigma [1]. Stakeholders endorsed moving away
from the inaccurate “cystic” descriptor and narrow
gynecological framing and include the endocrine
and metabolic disturbances that characterize the
condition [1].

The new name PMOS reflects genetic origins,
pathophysiology, and clinical features and repre-
sents a significant move toward an updated dis-
ease framework. Importantly, this change is evolu-
tionary rather than revolutionary and is supported
by a comprehensive 3-year transition period [1].
Consistent with this shift in terminology, PMOS
is expressed as a heterogeneous condition with
multisystem features, including core metabolic fea-
tures. Here we aim to review these in the context of
the new name.
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Table 1. Clinical manifestations and long-term health consequences of polyendocrine metabolic ovarian syndrome (PMOS).

Approximate
Domain Manifestation frequency/risk Key message
Reproductive Ovulatory dysfunction 90%-95% Most common cause of anovulatory infertility
Reproductive Hyperandrogenism 60%-80% Key pathophysiological feature. Core
diagnostic feature
Reproductive Delayed childbearing Increased Despite similar parity in Nordic cohorts
Pregnancy Gestational diabetes OR 2.4 Major contributor to pregnancy risk
Pregnancy Preeclampsia OR 2.3 Part of the increased risk of hypertensive
disorders of pregnancy
Metabolic Insulin resistance ~75% (lean); ~95% Central pathophysiological feature
(overweight)
Metabolic Type 2 diabetes OR 2.9 Earlier onset than in controls
Metabolic Metabolic syndrome OR 3.4 Particularly associated with obesity
Metabolic MASLD Increased Pooled prevalence 43% in a meta-analysis,

Cardiovascular Dyslipidemia

Cardiovascular Hypertension

Cardiovascular Major adverse
cardiovascular events

60%—-70%
2-3-fold increased risk Early onset
HR 1.2-2.5

although estimates varied substantially
between studies
Atherogenic lipid profile

Risk diverges from approximately age 35

Psychological Depressive symptoms OR 3.78 (95% CI Increased independently of BMI
3.03-4.72)

Psychological Anxiety symptoms OR 5.62 (95% CI Increased independently of BMI
3.22-9.80)

Abbreviation: BMI, body mass index; MASLD, metabolic dysfunction-associated steatotic liver disease.

Clinical expression of PMOS

PMOS is associated with endocrine, metabolic,
reproductive, dermatological, and psychological
features. Contemporary evidence demonstrates a
marked cardiometabolic burden, including dyslipi-
demia affecting 60%-70% of women with PMOS,
hypertension occurring 2- to 3-fold more fre-
quently than in controls, and an almost 3-fold
increased risk of Type 2 diabetes (Table 1) [7, 8].
Emerging evidence suggests that these abnormal-
ities may be present from childhood and adoles-
cence and persist across adulthood, supporting
the concept of accelerated cardiometabolic aging
in this population [9-12]. Importantly, PMOS is
a heterogeneous condition, and metabolic risk
varies substantially across ethnicities, popula-
tions, body mass index (BMI) categories, and life
stages, indicating that a one-size-fits-all model is
insufficient to capture its heterogeneity and com-
plexity [3]. Women with PMOS experience sub-
stantial psychological morbidity, including 3.8-
fold higher odds of depressive symptoms, 5.6-fold

higher odds of anxiety symptoms, and reduced
health-related quality of life, further empha-
sizing its multisystem nature [13]. Collectively,
these findings demonstrate that the burden of
PMOS extends far beyond reproductive dysfunc-
tion, encompassing substantial metabolic, cardio-
vascular, and psychological morbidity across the
life course.

As illustrated in Fig. 1, these evolving insights
have contributed to a shift in conceptual frame-
works, from viewing PMOS as an isolated condition
affecting women during their reproductive years
toward understanding it as a life course disorder.
Increasing emphasis is placed on early identifica-
tion of metabolic dysfunction and on preventive
strategies aimed at reducing long-term risk of Type
2 diabetes mellitus (T2DM) and CVD [2, 14]. A
deeper understanding of the metabolic dimension
of PMOS is therefore essential to inform risk strat-
ification, guide clinical management, and improve
long-term health outcomes.
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Fig. 1 PMOS as a life course disorder: expanding beyond reproductive features. Schematic illustration of the evolving
understanding of polyendocrine metabolic syndrome (PMOS) across the life course. Although reproductive manifestations
often prompt clinical presentation during adolescence and early adulthood, endocrine, metabolic, cardiovascular, psycho-
logical, and reproductive consequences may emerge at different stages of life. The figure highlights the transition from a
traditional reproductive-centered view of the condition toward a life-course model emphasizing early metabolic dysfunction,

cardiometabolic risk, and long-term health outcomes.

Diagnosis and prevalence: current perspectives and
challenges

PMOS is diagnosed on International Guideline cri-
teria [2, 15], which has built on Rotterdam crite-
ria. In adults, this requires that at least two of
the following three criteria are present: (i) clin-
ical and/or biochemical hyperandrogenism; (ii)
OD; and (iii) multifollicular ovarian morphology,
preferably assessed by transvaginal ultrasound
or elevated AMH levels, after exclusion of rel-
evant differential diagnoses [2]. Key differential
diagnoses include non-classic congenital adrenal
hyperplasia, hyperprolactinemia, thyroid dysfunc-
tion, and ovarian failure, requiring biochemical
testing. Other differentials should be excluded
clinically and biochemically if indicated, includ-
ing Cushing syndrome and androgen-secreting
tumors. The current diagnostic criteria [2], key
clinical considerations, and recommended exclu-
sion of alternative diagnoses are summarized in
Table 2.

Diagnosis during adolescence recognized that
physiological features of mnormal pubertal
maturation—including irregular menstrual cycles
and multifollicular ovarian morphology and ele-

vated AMH levels—overlap with diagnostic features
of PMOS, increasing the risk of both over- and
underdiagnosis [16]. Current International Guide-
lines therefore recommend that both hyperan-
drogenism and OD must be present for diagnosis
in adolescents, whereas multiple follicles and
elevated AMH levels are not considered sufficiently
specific in this age group due to the high preva-
lence of multifollicular ovarian morphology and
physiologically elevated AMH levels during normal
puberty and early reproductive maturation [2,
16]. Consistent with this, recent meta-analytic
evidence demonstrates that prevalence estimates
varied substantially over time as diagnostic criteria
evolved, illustrating the dual challenge of potential
overdiagnosis when normal pubertal variation is
misclassified as PMOS and underdiagnosis when
strict criteria fail to capture individuals with clin-
ically relevant symptoms [16]. The International
Guideline does not distinguish between possible,
probable, or definite PMOS. Rather, diagnosis is
either confirmed or not confirmed according to the
diagnostic criteria. Adolescents with suggestive
features who do not meet full diagnostic criteria
are therefore recommended to be considered “at
risk” of PMOS and followed longitudinally [2].
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Table 2. Diagnostic criteria for polyendocrine metabolic ovarian syndrome (PMOS), key clinical considerations, and exclusion

of alternative diagnoses.

Diagnostic feature

Current definition

Practical considerations

Hyperandrogenism

Ovulatory dysfunction

Multifollicular ovarian morphology

Exclusion of alternative diagnoses

Clinical: Hirsutism assessed using
the modified Ferriman-Gallwey
(mFG) score, with
population-specific cutoffs (>4-6;
>4 in women of Northern European
and Asian ancestry). Acne and
androgenic alopecia may support
the diagnosis but are less specific

Biochemical: Elevated total
testosterone or free androgen index
(FAI), preferably measured using
high-quality assays

Persistent menstrual irregularity,
including menstrual cycles <21 or
>35 days, fewer than eight cycles
per year, any cycle >90 days, or
primary amenorrhea by age 15
years (or >3 years after thelarche)

Ultrasound: Follicle number per ovary

>20 in at least one ovary is the
preferred criterion in adults. When
image quality is insufficient or older
ultrasound technology is used,
ovarian volume >10 mL or follicle

number per section (FNPS) >10 may

be used

Alternative biomarker: Elevated
anti-Mullerian hormone (AMH) may
be used instead of ultrasound in
adults

Pregnancy (when appropriate), thyroid

dysfunction, hyperprolactinemia,
non-classic congenital adrenal
hyperplasia, hypothalamic
amenorrhea, and primary ovarian
insufficiency should be excluded.
Additional investigations for
Cushing syndrome,
androgen-secreting tumors, or
medication-induced

hyperandrogenism should be guided

by the clinical presentation

Clinical and biochemical

hyperandrogenism are considered
equivalent diagnostic features.
Biochemical testing is recommended
when clinical findings are equivocal

Menstrual irregularity is physiological

during the first year after menarche
and should not be used for
diagnosis during this period

Not recommended for diagnosis in

adolescents. Transvaginal
ultrasound is preferred when
imaging is indicated. If
transabdominal ultrasound is
performed, ovarian volume or FNPS
should be used. In women with both
hyperandrogenism and ovulatory
dysfunction, ultrasound is not
required for diagnosis

Initial laboratory evaluation generally

includes TSH, prolactin, FSH, and
17-hydroxyprogesterone. Further
investigations should be
individualized according to the
history and clinical examination

Note: In adults, PMOS is diagnosed when at least two of the three diagnostic features are present, following exclusion
of alternative endocrine disorders that may mimic the condition. In adolescents, both hyperandrogenism and ovulatory
dysfunction are required for diagnosis, whereas multifollicular ovarian morphology and anti-Mullerian hormone (AMH)
are not recommended because of physiological pubertal maturation.
Abbreviation: FSH, follicle-stimulating hormone.
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Clinical manifestations of PMOS usually emerge
during puberty, when menstrual irregularity and
hyperandrogenism first become apparent. How-
ever, because these features overlap with normal
pubertal development, diagnosis is often delayed
until late adolescence or early adulthood. Several
studies indicate that women frequently experience
symptoms for years before receiving a formal diag-
nosis, representing missed opportunities for early
identification of metabolic risk and timely preven-
tive interventions. An Australian study reported
that approximately one third of women waited more
than 2 years after first seeking medical care before
receiving a diagnosis, and nearly half consulted
three or more physicians prior to diagnosis [17].
Similar diagnostic delays have been reported in
other healthcare systems, reflecting limited aware-
ness of PMOS outside specialist care, variation
in clinical practice, and the absence of a sin-
gle definitive diagnostic test [18-20]. Importantly,
international priority-setting initiatives emphasize
that individuals with PMOS consider timely and
accurate diagnosis a major unmet need, highlight-
ing inconsistent application of diagnostic criteria,
insufficient information at the time of diagnosis,
and the importance of early recognition to support
understanding of symptoms and enable preventive
management of long-term metabolic and reproduc-
tive health risks [21, 22].

These diagnostic challenges have important clini-
cal implications. Delayed diagnosis may postpone
initiation of interventions targeting weight man-
agement, lifestyle modification, and metabolic risk
reduction, potentially contributing to the early
development of obesity, insulin resistance, and
T2DM. Conversely, overdiagnosis may expose indi-
viduals to unnecessary medicalization and anxiety,
particularly during adolescence when physiological
variation is common. Improving diagnostic accu-
racy and timing may therefore represent an impor-
tant opportunity to optimize both clinical manage-
ment and long-term health outcomes.

PMOS is one of the most common endocrine dis-
orders in women of reproductive age, affecting
approximately 12% of adult women depending on
diagnostic criteria and population characteristics
[15]. In adolescents, the prevalence is approxi-
mately 6% when current guideline-recommended
criteria are applied, reflecting the challenges of dis-
tinguishing PMOS from normal pubertal physiol-
ogy and reducing the risk of overdiagnosis asso-
ciated with ultrasound-based criteria [16]. A sub-

stantial proportion of affected individuals remain
undiagnosed, as prevalence estimates based on
ICD-coded diagnoses are markedly lower than
those observed in population-based studies, indi-
cating that the true population burden is likely
underestimated [15].

Global prevalence varies across geographical
regions and ethnic groups. A 2026 global system-
atic review and meta-analysis, the first to quantify
PMOS prevalence by World Health Organization
(WHO) region, demonstrated significant regional
variation, with prevalence based on Rotterdam cri-
teria being highest in the Eastern Mediterranean
(15.1%) and Southeast Asian regions (14.3%) and
lowest in the Western Pacific region (9.1%) [15].
These findings suggest that the burden of PMOS
differs across populations and is likely influenced
by interactions between genetic background, envi-
ronmental exposures, and diagnostic practices,
highlighting that a uniform global approach may
not fully capture disease heterogeneity. Impor-
tantly, data remain sparse from several world
regions, particularly Africa, highlighting the need
for further population-based studies to improve
global estimates and inform future diagnostic and
prevention strategies [15].

Although the International Guideline criteria are
widely used and are underpinned by endocrine-
driven impacts, metabolic features are not reflected
in current diagnostic classification, underscoring
the need for improved tools enabling earlier identi-
fication of individuals at increased metabolic risk.

Pathophysiology of PMOS: hormonal and genetic
insights

PMOS pathophysiology reflects an intricate inter-
play among metabolic disturbance, reproductive
dysfunction, and endocrine and neuroendocrine
dysregulation, superimposed upon polygenic sus-
ceptibility and epigenetic factors. There is no sin-
gle unifying pathogenic mechanism for PMOS;
rather, the syndrome arises from the convergence
of multiple factors, including perturbations across
neuroendocrine, steroidogenic, and metabolic axes
resulting in altered function of the hypothalamus—
pituitary-ovarian axis. Recent advances increas-
ingly position insulin resistance as the central inte-
grative mechanism linking neuroendocrine dys-
function, androgen excess, and cardiometabolic
disease. An overview of the pathophysiology is
shown in Fig. 2.
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Fig. 2 Diagnostic pathway for polyendocrine metabolic ovarian syndrome (PMOS). The diagnostic pathway is guided
by the presence of menstrual irregularity and clinical or biochemical hyperandrogenism. In adults, multifollicular ovarian
morphology may be assessed by ultrasound or anti-Mtillerian hormone (AMH) when required to establish the diagnosis. In
adolescents, ovarian morphology and AMH are not recommended for diagnosis; those with suggestive features who do not
fulfill the diagnostic criteria should be considered at risk and reassessed over time. Relevant differential diagnoses should
be excluded before PMOS is confirmed. PCOM, polycystic ovarian morphology.

Insulin resistance and hyperinsulinemia. Insulin
resistance constitutes a fundamental pathophys-
iological feature of PMOS and has been demon-
strated to affect 75% of lean and 95% of over-
weight women using euglycemic-hyperinsulinemic
clamps, the gold standard measure of insulin resis-
tance, driven by an intrinsic, obesity-independent
defect that is further compounded by excess adi-
posity [23]. In PMOS, insulin resistance arises
from a distinctive, tissue—specific molecular defect.
Unlike the mechanisms seen in obesity or T2DM,
women with PMOS exhibit increased insulin-
stimulated serine phosphorylation of the insulin
receptor in skeletal muscle [24, 25]. This abnor-
mal modification disrupts downstream insulin sig-
naling and represents an intrinsic defect that can-
not be fully attributed to excess adiposity [24,
25]. The insulin resistance in PMOS leads to com-

pensatory hyperinsulinemia, which drives multiple
pathological consequences. It augments hyperan-
drogenism by acting as a co-gonadotropin in the
ovaries [26], diminishing progesterone-mediated
negative feedback on gonadotropin-releasing hor-
mone (GnRH) secretion [27], enhancing ACTH-
stimulated adrenal steroidogenesis [28], activat-
ing adipocyte aldo-keto reductase 1C3 (AKR1C3)
[28], and suppressing sex hormone binding glob-
ulin (SHBG) production [29], collectively increas-
ing circulating bioactive androgens and anovula-
tion [30].

Neuroendocrine dysregulation. A central
upstream driver of PMOS is increased pulse
frequency of GnRH from the hypothalamus,
accompanied by diminished sex-steroid negative
feedback at the level of the hypothalamus, result-
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ing in preferential secretion of luteinizing hormone
(LH) over follicle-stimulating hormone (FSH) from
the pituitary gland [31-33]. Downstream, LH stim-
ulates ovarian theca cells to increase androgen
production, whereas relative FSH deficiency and
increased testosterone inhibit ovarian follicular
maturation and selection, leading to follicular
arrest and accumulation of many small antral
follicles leading to multiple follicles on ovarian
morphology [31, 32]. Granulosa cells in the small
antral follicles produce excess AMH, further exert-
ing an inhibitory effect on follicle recruitment and
maturation [24]. AMH also inhibits the conversion
of testosterone to estradiol. In addition, hyper-
insulinemia stimulates ovarian theca cells and
suppresses SHBG production, further contribut-
ing to hyperandrogenemia [3].

The KNDy neuron system—comprising kisspeptin,
neurokinin B, and dynorphin A neurons in the
hypothalamic infundibular nucleus—is central to
regulating this GnRH pulse generator [34]. Neu-
rokinin B acts via Neurokinin 3 receptors to stim-
ulate kisspeptin release, which further stimulates
GnRH release, whereas dynorphin exerts inhibitory
modulation. In PMOS, circulating kisspeptin lev-
els are elevated, and the normal negative feedback
from estradiol and progesterone on GnRH pul-
satility is impaired [24, 35]. Because GnRH neu-
rons lack steroid receptors, this feedback oper-
ates indirectly through kisspeptin neurons, which
express progesterone and estrogen receptors. Ele-
vated androgens in PMOS appear to disrupt this
progesterone-mediated negative feedback, perpet-
uating abnormal GnRH drive. AMH further ampli-
fies GnRH pulsatility by acting on AMH receptors
expressed on hypothalamic neurons, compound-
ing the neuroendocrine dysregulation [36].

Hyperandrogenism. Hyperandrogenism is a key
feature of PMOS and is detected in 60%-80%
of women with PMOS [37]. There is increased
production of ovarian androgens from ovar-
ian theca cells, driven by increased secretion
of LH, hyperinsulinism, and increased theca
cell responsiveness to LH [26, 38]. Beyond the
ovaries, the adrenal glands contribute to andro-
gen excess. Elevated dehydroepiandrosterone sul-
fate is detectable in 20%-30% of women with
PMOS [39], and more recently, peripherally gener-
ated 11-oxygenated androgens—particularly 118-
ketotestosterone and 118-ketodihydrotestosterone
[40]—have been identified as potent circulating
androgens that bind the androgen receptor with

potency comparable to testosterone [41]. These
are generated in subcutaneous adipose tissue via
the enzyme AKR1C3, whose expression is upreg-
ulated by insulin [41, 42]. Hyperinsulinemia also
suppresses hepatic SHBG production, increasing
the fraction of biologically active free androgens
[29], which in turn promotes visceral adiposity and
adipocyte dysfunction [43], contributing to insulin
resistance. These mechanisms perpetuate a cycle
that links metabolic dysfunction with androgen
excess in women with PMOS.

Adipose tissue and metabolic dysfunction. Adi-
pose tissue in PMOS exhibits distinctive mor-
phological and functional abnormalities. Women
with PMOS show adipose-tissue-specific defects,
including reduced insulin-stimulated glucose
uptake due to decreased GLUT4 expression and
impaired lipolysis due to fewer B,—adrenergic
receptors. Their adipocytes also exhibit abnor-
mal lipid storage and increased intra-adipose
androgen generation via elevated AKR1C3 activ-
ity, promoting ectopic lipid deposition in skeletal
muscle and liver, as well as systemic lipotoxicity,
thereby further contributing to insulin resistance.
Inflammation, increased macrophage infiltration,
fibrosis, and expansion of adipose tissue worsen
insulin resistance in PMOS.

Genetic and epigenetic inheritance. PMOS is
highly heritable, accounting for ~70% of the devel-
opment of the disorder [44], yet known GWAS loci
account for only around 10% of this heritabil-
ity [31]. Of the genes that have been identified,
susceptibility variants cluster around neuroen-
docrine genes (FSHR, LHCGR, and FSHB) and
metabolic genes (INSR, THADA, and DENNDIA)
[24]. Prenatal exposure to excess androgens, to
which daughters of women with PMOS are sub-
jected due to elevated maternal androgens and
impaired placental aromatase [45], may induce
epigenetic modifications in somatic and germ
cells [24], a mechanism demonstrated in animal
models [46] and supported by emerging human
data. In addition, differential DNA methylation
patterns in umbilical cord blood of neonates born
to mothers with PMOS indicate a distinct epige-
netic signature [24, 47], supporting the presence
of an adverse maternofetal environment that alters
fetal epigenetic programming.

Recent advances suggest that PMOS develops
through complex interactions between genetic sus-
ceptibility and environmental exposures across
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Fig. 3 Pathophysiology of polyendocrine metabolic ovarian syndrome (PMOS) and major therapeutic targets.
PMOS arises from complex interactions between genetic, epigenetic, neuroendocrine, and lifestyle factors. Insulin resistance
and compensatory hyperinsulinemia interact with altered gonadotropin secretion, ovarian, and adrenal androgen excess,
reduced hepatic sex hormone-binding globulin (SHBG) production, and adipose tissue dysfunction, creating self-reinforcing
pathways that promote hyperandrogenism and metabolic dysfunction. Blue arrows indicate the principal targets of com-
monly used pharmacological treatments. FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; LH,

luteinizing hormone; SHBG, sex hormone-binding globulin.

the life course rather than a single initiat-
ing event [3]. Prenatal androgen excess and an
adverse intrauterine environment may predispose
susceptible individuals through epigenetic pro-
gramming, whereas postnatal factors—including
excess weight gain, adiposity, insulin resistance,
diet, physical inactivity, and other environmen-
tal exposures—may trigger disease expression
or exacerbate its clinical phenotype [24, 45].
This evolving gene-environment model provides a
framework for understanding disease heterogene-
ity and identifies opportunities for earlier preven-
tion and risk stratification in genetically suscepti-
ble individuals.

Together, these intersecting pathways—
neuroendocrine, steroidogenic, metabolic, and
epigenetic—constitute the complex and still incom-
pletely understood pathophysiology of PMOS (Fig.
3).

Metabolic dysfunction in PMOS: from insulin resistance
to diabetes

In PMOS, the reduced insulin sensitivity arising
from tissue-specific defects in insulin receptor and
post-receptor signaling pathways is central to the
metabolic dysfunction. Genome-wide association
studies have implicated insulin resistance as a
risk factor in the development of PMOS [48, 49],
and a polygenic risk score-powered phenome-wide
association study has demonstrated substantial
shared biological pathways between PMOS and a
range of metabolic outcomes, particularly T2DM
and obesity [50]. Insulin resistance and the resul-
tant hyperinsulinemia contribute to both clini-
cal disease expression and broader metabolic risk
through multiple mechanisms.

Insulin resistance severity varies and is present
independent of BMI, although overweight and obe-
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sity further exacerbate the risk [51, 52]. This trans-
lates into an increased likelihood of developing
impaired glucose tolerance (IGT) and T2DM. A
pooled analysis of 41 studies incorporated into
the updated 2023 International Guideline for the
assessment and management of PMOS reported
odds ratios of 3.2, 3.9, and 2.9 for impaired
fasting glucose, IGT, and T2DM, respectively [2].
However, these risks are not uniform across all
women with PMOS. A 2018 systematic review
demonstrated substantial ethnic variation in IGT
risk, with 5.2-, 4.4-, and 2.6-fold increased odds
among Asian, North/South Americans, and Euro-
pean women, respectively. Similarly, body weight
exerts a significant influence, with lean-matched
and overweight/obesity-matched groups exhibit-
ing 4.4- and 2.5-fold higher odds of IGT, respec-
tively [53]. A family history of T2DM also increases
risk: In a retrospective study of 408 women with
PMOS, a family history of T2DM significantly
increased the likelihood of IGT or T2DM, as well as
the probability of an adverse metabolic profile, even
among those with normal glucose tolerance [54].
Importantly, the increased risk of T2DM is also
present in lean women with PMOS, and women
with PMOS are diagnosed at an earlier age [55].
Collectively, these findings establish T2DM as one
of the most robust and clinically important long-
term complications of PMOS, supporting system-
atic metabolic surveillance across the life course.
In light of these findings, the updated 2023 Inter-
national Guideline recommends glycemic surveil-
lance for women with PMOS at least every 3 years,
with shorter screening intervals advised for indi-
viduals at higher metabolic risk (e.g., women with
a history of gestational diabetes, a family history of
T2DM, elevated BMI, or higher-risk ethnicity) [2].
The guideline also identifies the 75-g oral glucose
tolerance test (OGTT) as the preferred method for
assessing glycemic status, based on evidence from
a systematic review and meta-analysis demon-
strating its superiority over fasting plasma glucose
and HbAlc for diagnosing T2DM in this population
[56]. Nevertheless, this recommendation is graded
as weak, in part because of the practical chal-
lenges associated with the OGTT, including cost,
time burden, inconvenience, and limited accessi-
bility, underscoring the need for further research
into alternative diagnostic strategies.

Metabolic syndrome and metabolic dysfunction-
associated steatotic liver disease (MASLD,).
Women with PMOS have a higher risk of metabolic
syndrome, driven by an increased prevalence of its

key components, including central obesity, insulin
resistance, dyslipidemia, and hypertension. Evi-
dence from a systematic review and meta-analysis
of 59 studies shows that the elevated prevalence of
metabolic syndrome in PMOS is primarily linked
to obesity and other metabolic abnormalities,
rather than hyperandrogenism [8]. Metabolic
dysfunction-associated steatotic liver disease
(MASLD), which is closely tied to metabolic syn-
drome, is likewise more common among women
with PMOS, with a suggested pooled prevalence of
43% in women with PMOS [57]. Meta-regression
analyses further identify metabolic syndrome,
insulin resistance, and biochemical markers of
hyperandrogenism as significant risk factors for
MASLD in this population [57].

Cardiovascular disease risk: understanding the
connections

CVD accounts for approximately 35% of deaths
among women globally, exceeding mortality from
all cancers combined [58]. Despite this burden,
CVD in women remains underdiagnosed, under-
treated, and underrepresented in clinical research
[59]. Traditional cardiovascular risk assessment
tools—developed primarily in male populations—
may fail to capture sex-specific risk factors, such
as PMOS, that emerge earlier in the female lifespan.
The metabolic phenotype of PMOS promotes accel-
erated CVD development, and with the high preva-
lence of the condition, special emphasis should
be placed on preventive studies and resources for
managing risk factors leading to CVD |2, 60].

Cardiovascular risk factors in PMOS. Women with
PMOS demonstrate a markedly elevated preva-
lence of traditional cardiovascular risk factors—
including childhood weight gain, obesity, insulin
resistance and compensatory hyperinsulinemia
(discussed above), atherogenic dyslipidemia, and
chronic low-grade inflammation. All these risk fac-
tors emerge decades earlier than in the general
female population. Understanding this clustering
of risk factors is essential for early identification
and intervention.

Dyslipidemia. Atherogenic dyslipidemia repre-
sents another cardinal feature of PMOS, affecting
60%-70% of women with the condition [61].
The lipid profile typically demonstrates elevated
triglycerides, reduced high-density lipoprotein
(HDL) cholesterol, and increased small dense LDL
particles with enhanced atherogenic potential [61,
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62]. The dyslipidemia in PMOS results from multi-
ple mechanisms, including hepatic overproduction
of very-low-density lipoprotein (VLDL) particles,
impaired lipoprotein lipase activity, enhanced
cholesteryl ester transfer protein activity, and
altered adipose tissue lipolysis driven by insulin
resistance and hyperandrogenism [63]. A recent
study found that women with PMOS had a clas-
sic atherogenic lipid pattern, characterized by
increased VLDL cholesterol and triglycerides and
reduced HDL cholesterol, but with less unfavorable
lipoprotein subclass distribution. Notably, antian-
drogenic regimens containing ethinyl-estradiol
(EE) increased triglyceride-rich lipoproteins and
medium LDL and small HDL particles compared
with metformin, whereas small LDL particles
increased only with EE/desogestrel plus spirono-
lactone. Whether these changes translate into
increased long-term CVD risk remains unknown
[64].

Hypertension. Hypertension occurs 2—-3-fold more
frequently in women with PMOS compared to
age-matched controls. In a Finnish population-
based study, 30% of PMOS cases reported hyper-
tension compared to 18% in non-PMOS counter-
parts [65]. The rise in antihypertensive medica-
tion use increased dramatically between ages 31
and 46 years; from 3.9% to 21.5% in PMOS and
from 1.8% to 15.5% in controls. The data also
revealed that in many cases, hypertension was
suboptimally treated among women with PMOS at
age 46, as the gap between diagnosis and med-
ication in non-PMOS women was 2.7%, whereas
among PMOS cases, it was 8.6% [65]. Indeed, blood
pressure elevation in PMOS often begins in the
reproductive years rather than developing exclu-
sively in midlife or postmenopause. Mechanisms
driving hypertension include increased sympa-
thetic nervous system activation, enhanced renin—
angiotensin-aldosterone system activity, endothe-
lial dysfunction with reduced nitric oxide bioavail-
ability, and sodium retention mediated by hyper-
insulinemia [66, 67]. The blood pressure eleva-
tion seems to be mediated through adiposity rather
than BMI [68].

Weight gain, obesity, and body composition.
Women with PMOS exhibit a higher prevalence
of overweight, obesity, and central obesity, with
relative risks of 1.95, 2.77, and 1.73, respectively,
compared to women without PMOS [69]. Bidirec-
tional Mendelian randomization studies indicate
a causal effect of increased body weight on the

development of PMOS, whereas PMOS itself does
not appear to causally influence body weight [70].
Body weight therefore represents an important and
potentially modifiable risk factor in women with
PMOS who are overweight or obese. Weight gain
exacerbates both the clinical manifestations of
PMOS and its cardiometabolic consequences. Evi-
dence from large-scale UK electronic health record
studies shows that weight gain is an independent
predictor of progression to T2DM and cardio-
vascular events; notably, a 1% increase in BMI is
associated with a 2% increase in T2DM risk [7, 71].
Consequently, lifestyle intervention—comprising
structured exercise, behavioral strategies, and a
balanced diet—remains central to PMOS manage-
ment, with demonstrated benefits for metabolic
health, including improvements in central adipos-
ity and lipid profile.

Central obesity affects 40%-80% of women with
PMOS, depending on the population and diagnostic
criteria, with preferential accumulation of visceral
adipose tissue conferring particularly elevated
metabolic and cardiovascular risk [24]. Population-
based studies reveal that there is a BMI rise in
PMOS already in childhood, with early adiposity
rebound, that represents the first adiposity-related
event during a lifespan [72]. Thereafter, the weight
gain remains higher among PMOS cases, being
most striking between ages 14 and 31, and seems
to be more pronounced with the hyperandrogenic
PMOS phenotype [62]. Truncal fat accumulation is
a known trait of PMOS, and waist and neck circum-
ference measurements should be considered part
of routine clinical practice, given their accuracy in
assessing metabolic burden [73, 74].

Inflammatory and thrombotic markers. Chronic
low-grade inflammation characterizes PMOS, with
implications for atherogenesis and plaque insta-
bility [24]. C-reactive protein levels are elevated
2-3-fold compared to weight-matched controls,
with concentrations frequently exceeding 3 mg/L—
a threshold associated with high cardiovascular
risk [75]. Pro-inflammatory cytokines, including
interleukin-6, interleukin-18, and tumor necro-
sis factor-alpha, are elevated in PMOS, pro-
moting endothelial activation, monocyte recruit-
ment, and foam cell formation [76]. Women
with PMOS also exhibit prothrombotic tenden-
cies, evidenced by elevated plasminogen activa-
tor inhibitor-1, increased platelet activation mark-
ers, and enhanced thrombin generation, poten-
tially contributing to acute cardiovascular event
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risk [77]. The inflammatory state appears partly
independent of obesity, as lean women with PMOS
maintain elevated inflammatory markers, suggest-
ing that hormonal dysregulation and insulin resis-
tance directly activate inflammatory pathways [78].

Endothelial dysfunction and subclinical atheroscle-
rosis. Endothelial dysfunction—representing the
earliest detectable stage of atherosclerotic CVD—
manifests consistently in PMOS populations [79,
80]. Flow-mediated dilation (FMD), a noninva-
sive marker of endothelial health, demonstrates
a 20%-30% reduction in women with PMOS
compared to controls, indicating impaired nitric
oxide-mediated vasodilation. Indeed, besides FMD,
women with PMOS have subclinical CVD as mea-
sured by arterial stiffness, coronary artery cal-
cium scores, carotid intima-media thickness, and
visceral and epicardial fat [79]. Coronary artery
calcification, detected via computed tomography,
appears more frequently and extensively in pre-
menopausal women with PMOS than in controls,
and the findings seem to be linked to hyperandro-
genism [80].

Cardiovascular disease and major adverse cardio-
vascular events risk in PMOS. Multiple large-scale
population-based cohort studies have conclusively
demonstrated elevated CVD risk in women with
PMOS across diverse healthcare systems and geo-
graphic regions [7, 81]. In a Finnish population-
based study, a significant increase in MACE was
observed in both the Rotterdam-PMOS and NIH-
PMOS groups, with rates of 2.33 (1.26—4.30) and
2.47 (1.18-5.17), respectively [82]. Alarmingly, the
cumulative hazard curves for both diagnostic cat-
egories diverged at age 35. The early incline in
risk was also observed in a large UK-based study
[7]. Similarly, a Danish study examined 18,112
Danish women with PMOS versus 54,336 matched
controls, revealing incident CVD HR 1.71 (95%
CI, 1.56-1.88), with particularly elevated risks for
myocardial infarction (HR 1.78) and ischemic heart
disease (HR 1.73) [83]. Obesity, diabetes, infertility,
and previous use of oral contraceptives were asso-
ciated with increased risk of development of CVD
in PMOS [83]. In a large Nordic population-based
cohort of nearly 130,000 women with PMOS from
Finland, Denmark, and Sweden, pooled estimates
showed an increased risk of CVD (HR 1.27 [1.18;
1.36]) [84]. Moreover, MACE (1.21 [1.10; 1.34]) and
deep venous thrombosis (1.30 [1.27; 1.33]) were
elevated as well as CVD risk in PMOS women with
BMI <25 kg/m? (1.40 [1.26; 1.55]). These con-

temporary population-based studies represent an
important advance, moving the field beyond asso-
ciations with cardiovascular risk factors to con-
vincing evidence that PMOS is associated with
increased cardiovascular events. All these find-
ings call for early risk identification, diagnosis, and
treatment.

PMOS represents an early-life marker of CVD in
women, with population-based evidence demon-
strating increased risk of MACE. The constellation
of metabolic risk factors emerges decades before
clinical events, highlighting an extended window
for prevention and the need for early identification
and targeted intervention.

Reproductive impact of PMOS: fertility and pregnancy
complications

In PMOS, high follicle and oocyte counts and ele-
vated AMH levels lead to a disrupted endocrine
milieu causing OD [85, 86]. Anovulation is the most
common reason for female infertility, and among
women with anovulation, the majority is due to
PMOS [87]. Conversely, 90%-95% of women diag-
nosed with PMOS experience OD [88, 89]. Spon-
taneous ovulations occur, but it may take longer
to achieve pregnancy. In the Nordic countries,
women with PMOS have at least one child as
often as other women [90, 91|, whereas a recent
Australian study shows greater nulliparity when
assessing women close to the end of their repro-
ductive lifespan [92]. Women with PMOS also gen-
erally give birth at a later age than women with-
out PMOS, and more than half of women with
PMOS have undergone fertility treatments [92].
This underscores the importance of early diag-
nosis and proper information to patients regard-
ing family planning to achieve the desired family
size [92, 93].

Because overweight and obesity adversely impact
fertility and fertility treatment outcomes, a healthy
lifestyle to optimize prevention of weight gain is
vital. Overweight women have lower pregnancy
rates and an increased risk of miscarriage com-
pared to women with normal weight [94]. Fur-
thermore, overweight women often respond more
poorly to ovarian stimulation and produce poorer
quality oocytes and embryos [95]. Preconception
care with age-appropriate education on how to
optimize reproductive health, including education
on healthy lifestyle choices and weight manage-
ment, is recommended both for adolescents and
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young women with PMOS [2]. However, the role
of weight loss, the strategy, extent, duration, and
impacts in those with obesity are not yet clear.
Once obesity is established, it is largely consid-
ered a non-modifiable risk factor when applying
lifestyle alone, and medical and surgical thera-
pies may be needed to reduce weight, aligned
with population guidelines. Yet, there are no tri-
als of these strategies on live birth, and more
research is definitely needed. This also emphasizes
the role of early diagnosis and a healthy lifestyle for
prevention.

If pregnancy is not desired, providing contracep-
tion should not be forgotten, as fertility in women
with PMOS is difficult to predict.

Women with PMOS are more likely to experience
pregnancy complications, including gestational
diabetes mellitus (GDM) (OR 2.4), preeclamp-
sia (OR 2.3), miscarriage, hypertension, induc-
tion of labor, and cesarean section [96]. The
increased pregnancy risks are independent but
exacerbated by higher maternal age and higher
preconception BMI in women with PMOS compared
to those without [96]. Other underlying factors
include impaired glucose metabolism, excessive
androgen production, and chronic mild inflamma-
tion [97]. These observations reinforce the con-
cept that reproductive outcomes are closely linked
to the broader metabolic and endocrine distur-
bances that characterize PMOS, highlighting preg-
nancy as an important window for identifying
women at increased long-term cardiometabolic
risk [98, 99].

The combination of PMOS and GDM poses sig-
nificant risks also to the fetus. A case-controlled
study found an increased risk for neonatal hypo-
glycemia in women with both PMOS and GDM
compared to those with GDM alone, with an inci-
dence of 17% and 5%, respectively [100]. More-
over, offspring born to mothers with PMOS have
an increased risk of being born prematurely and
developing neonatal jaundice and respiratory com-
plications compared to those of mothers without
PMOS [101, 102].

Because of the increased risks for adverse preg-
nancy outcomes, the International Evidence-Based
PMOS Guideline recommends considering preg-
nancies of women with PMOS as risk pregnan-
cies with tailored, individual monitoring and early
intervention when needed [2].

Current and emerging treatment strategies: lifestyle,
pharmacotherapy, and beyond

Pharmacological treatment in PMOS should
be individualized and guided by the predomi-
nant clinical features, including metabolic dys-
function, hyperandrogenism, and reproductive
goals.

Although current management remains largely
symptom-directed, increasing emphasis is being
placed on early identification and treatment of
metabolic dysfunction to reduce long-term car-
diometabolic risk. Although lifestyle manage-
ment is strongly recommended in PMOS, espe-
cially for prevention of excess weight gain,
it is often insufficient for sustainably reduc-
ing weight, metabolic, and endocrine features.
There is a range of evidence-based but off-label
pharmacological therapies used to treat symp-
toms of PMOS. Current pharmacological manage-
ment of PMOS—including the principal indica-
tions, main effects, and key clinical considerations
for commonly used therapies—is summarized in
Table 3. Personalized treatment according to the
individual’s predominant clinical manifestations,
metabolic risk profile, and reproductive goals is
recommended.

Metabolic management. Metformin, an insulin
sensitizer originally developed for T2DM, is exten-
sively used in PMOS off-label, in line with Interna-
tional Guideline recommendations. A recent meta-
analysis demonstrated a modest but significant
reduction in BMI (mean difference —0.53 kg/m?,
95% CI —0.95 to —0.12) together with improve-
ments in insulin resistance and fasting glucose
compared with placebo [103]. Based on this, the
International Evidence-Based PMOS Guideline rec-
ommends metformin for adults with PMOS and a
BMI >25 kg/m? for anthropometric and metabolic
outcomes, including insulin resistance, glucose,
and lipid profiles [2]. However, evidence from a
recent RCT suggests that metformin may not be
superior to combined oral contraceptive pill (COCP)
in preventing development of metabolic syndrome,
as no significant difference was observed between
treatment groups [104].

The optimal dose remains uncertain; current
expert opinion suggests a maximum daily dose of
2.5 g/day for adults and 2.0 g/day for adolescents
[2, 103]. An ongoing RCT is evaluating the optimal
dosing of metformin in women with PMOS [105].
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Although metformin contributes to modest weight
loss, GLP-1 receptor agonists (GLP-1 RAs) appear
to be more effective in this regard [106, 107]. Gas-
trointestinal side effects are common with met-
formin but are even more common when using
GLP-1 RAs [106].

Inositol modulates insulin signaling pathways and
is therefore considered an insulin sensitizer. A
recent comprehensive systematic review, which
excluded trials with concerns regarding research
integrity, demonstrated that inositol may produce
modest improvements in biochemical parameters,
including hyperandrogenism and insulin resis-
tance, but did not significantly improve clinical
outcomes and was inferior to metformin [108].
However, quality of evidence for many outcomes
was low or very low and should be interpreted with
caution. According to the International Evidence-
Based PMOS Guideline, inositol may be considered
with informed consent, particularly in situations
where access to metformin or more effective medi-
cations is limited, while acknowledging limited evi-
dence [2].

Weight management. Anti-obesity pharmacolog-
ical therapies represent a potentially valuable
option for improving cardiometabolic risk and clin-
ical symptoms in PMOS.

Although GLP-1 RAs are well established as effec-
tive treatments for improving body weight, lipid
profile, and glycemic control in individuals with
T2DM [109], the evidence in PMOS remains lim-
ited. A recent systematic review of 11 random-
ized controlled trials demonstrated a significant
reduction in BMI of 1.38 kg/m? (95% CI 0.38-
2.39 kg/m?) in women with PMOS and overweight
or obesity [107], but uncertainty persists regard-
ing metabolic, reproductive, and psychological out-
comes due to low-quality data. However, most pre-
vious trials have been limited by their short dura-
tion, small sample sizes, and reliance on older GLP-
1 RA formulations that are considerably less potent
than agents such as semaglutide or tirzepatide.
There is therefore an urgent need for large, rig-
orously designed clinical trials, with accompany-
ing health economic evaluation, to address this
significant area of unmet clinical need. Notably,
GLP-1 RAs are contraindicated during pregnancy,
and contraception use is recommended while using
them [110].

In the cases of severe obesity, where pharmaco-
logical treatment is insufficient, the possibility of
bariatric surgery should be considered. Bariatric
surgery improves weight loss, hypertension, dia-
betes (prevention and treatment), hirsutism, irreg-
ular menstrual cycles, ovulation, and pregnancy
rates in women with PMOS [111]. This is supported
by findings from the BAMBINI clinical trial, in
which substantial weight loss induced by bariatric
surgery was more effective than standard medical
care in restoring ovulation [112]. Women undergo-
ing bariatric surgery should be informed that fer-
tility might increase rapidly. Ideally, preconception
planning with a delay in conception until at least
12 months post-surgery and an assessment of
micronutrient status before attempted pregnancy
is recommended [113].

Management of hyperandrogenism and menstrual
dysfunction. Treatment of hyperandrogenic
symptoms and menstrual irregularity primarily
targets suppression of ovarian androgen produc-
tion and regulation of the menstrual cycle.

COCPs are recommended in PMOS for manage-
ment of hormonal disturbances, irregular men-
strual cycles, endometrial protection, contracep-
tion, and hyperandrogenic features (hirsutism and
acne) [2, 114]. Although evidence on COCPs con-
taining natural estrogens (estradiol (E2) or estetrol
(E4)) in PMOS is limited, preparations contain-
ing low-dose EE are generally recommended [115].
Regarding the progestin component, a recent
meta-analysis found that cyproterone acetate and
fourth-generation progestins are the most effec-
tive for reducing hyperandrogenism. However, due
to an increased risk of venous thrombosis, cypro-
terone acetate is recommended only as second-line
treatment [115]. Evidence on progestin-only pills
(POPs) in PMOS is limited, but they may be consid-
ered in women with contraindications to COCPs.
Both COCPs and POPs can be used for endometrial
protection, thereby lowering the risk of hyperplasia
and endometrial cancer [2, 24].

Current evidence does not support the use of anti-
androgens over COCPs for management of hyper-
androgenic features in PMOS [116]. However, anti-
androgens may be considered for the treatment of
hirsutism in combination with effective contracep-
tion if there is suboptimal response after at least 6
months of COCP therapy [2]. COCPs and cosmetic
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treatments are considered first-line therapy for hir-
sutism in women with PMOS [2]. Traditional hair
removal methods, such as shaving, waxing, and
epilation, provide only temporary results. In con-
trast, selective thermolysis and laser therapy offer
long-lasting reduction and should be considered,
particularly for facial hirsutism.

Hirsutism is frequently identified by patients as
a key concern due to its significant impact on
psychological well-being. Women with PMOS may
require a higher number of laser treatments com-
pared with those with idiopathic hirsutism to
achieve hair reduction, and treatment is relatively
ineffective for those with blond or grey hair [2].

Conclusion: redefining PMOS

PMOS has been renamed to reflect major advances
in our understanding of the condition, recognizing
that there is no increase in pathological ovarian
cysts and that the disorder extends far beyond the
ovary to encompass endocrine, metabolic, cardio-
vascular, reproductive, dermatological, and psy-
chological features. Overall, it should be recognized
as a common, multisystem disorder with signifi-
cant metabolic, reproductive, dermatological, and
psychological implications across the lifespan.

Recent advances have transformed the field,
with large population-based studies demonstrat-
ing increased risks of Type 2 diabetes and MACE,
whereas mechanistic studies have strengthened
the evidence that insulin resistance represents
a central link between reproductive dysfunction
and long-term cardiometabolic disease. New fron-
tiers recognize the diversity of PMOS and seek
to progress clinically meaningful ways to define
this heterogeneity and to understand natural
history. Key priorities include advancing preci-
sion medicine based on genetic, endocrine, and
metabolic profiles and developing validated risk
prediction tools to guide personalized manage-
ment and earlier preventive strategies. Clini-
cal research priorities have been defined in co-
produced global and UK multistage processes [22,
117]. These include refining diagnostic thresholds,
cardiometabolic risk stratification, and long-term
prevention and management pathways, including
optimal obesity management.

Although management remains largely guided by
the predominant clinical manifestations, increas-
ing emphasis should be placed on early recogni-

tion of metabolic dysfunction and cardiometabolic
risk across the life course. As we adopt the new
name, future directions will depend on contin-
ued global collaboration, robust evidence synthe-
sis, and patient-centered approaches that reflect
the complexity of this lifelong condition.
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