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Abstract \ Review Article

Polyendocrine metabolic ovarian syndrome (PMOS, formerly polycystic ovary syndrome) commonly declares itself
during adolescence, and its metabolic trajectory is substantially established by the time adult criteria are met. Depletion
of short-chain fatty acid-producing gut bacteria is a reproducible feature of the adult syndrome, and butyrate acts on
several of the pathways that define it, including insulin sensitivity, enteroendocrine signalling, intestinal barrier function
and ovarian granulosa-cell inflammation. Whether restoring or preserving these organisms early can alter the course of
the syndrome has not been examined. This review sets out the case for treating adolescence as the intervention window
and documents how little evidence exists within it: a systematic review of the gut microbiome in youth with PMOS
screened 178 records and included four studies. We summarise what those and adjacent studies show, including the
finding that microbiota alterations are present in adolescent girls independently of obesity, and that an insulin-sensitising
combination normalised a microbiota feature that an oral contraceptive did not. We then set out the principal preclinical
result supporting a preventive strategy, in which a sustained-release butyrate preparation given from weaning prevented
the development of the phenotype in prenatally androgenised mice, and the contrasting result in which bolus sodium
butyrate given to animals with established disease was not protective. Together these define timing and delivery as the
variables that matter. We conclude with the design requirements for a prevention trial and the diagnostic caveats that
constrain it. We situate butyrate delivery within postbiotic and microbial-metabolite strategies and argue that
formulation, not dose, is the variable that separated the one preventive success from the one harmful result.
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1. INTRODUCTION substantial: a meta-analysis of 12 Indian studies
Polycystic ovary syndrome was renamed comprising 4,473 participants estimated a pooled
polyendocrine metabolic ovarian syndrome (PMOS) in prevalence among adolescent girls of 17.7 per 100 (95%
May 2026 by international consensus; diagnostic criteria CI 11.8-23.7) by Rotterdam criteria [1], and a
were unchanged, and a transition period extends to the community-based study in Mumbai found 22.5 per cent
2028 guideline update. We use PMOS throughout, prevalence among girls aged 15 to 24 years, of whom
retaining PCOS where citing work published under the 71.8 per cent were non-obese [2]. The national adult
former name. study reports comorbidity that is already advanced by
diagnosis, including dyslipidaemia in 91.9 per cent and
PMOS is not a disorder of adult onset. non-alcoholic fatty liver disease in 32.9 per cent [3]. If
Symptoms typically begin at or shortly after menarche, any of that trajectory is modifiable, the modification has
and the metabolic phenotype that determines long-term to begin earlier than it currently does.

risk is largely established before the syndrome is
formally diagnosed. The burden in adolescence is
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This review asks a question that has not been
asked directly: whether the gut microbial contribution to
PMOS constitutes a preventable exposure in
adolescence, and specifically whether preserving or
restoring butyrate-producing bacteria during this
window could alter the course of the syndrome. We are
explicit that no clinical evidence exists for this
proposition in humans. The purpose is to establish
whether the question is worth the trial it would require.

2. Search strategy

We searched an academic literature aggregator
indexing PubMed, Scopus, Semantic Scholar and arXiv
between 23 and 25 September 2026, using combinations
of polycystic ovary syndrome, polyendocrine metabolic
ovarian syndrome, adolescent, youth, gut microbiome,
butyrate, short-chain fatty acids, prevention, early life
and prenatal androgen. Both disease names were
searched. No language or date restriction was applied,
and reference lists of retrieved reviews were hand-
searched. This is a narrative synthesis.

3. Relationship to companion reviews

This review is one of four by the same author
group examining a single question -- whether colonic
butyrate supply is a modifiable determinant of disease --
in two clinical domains where the evidence is incomplete
in different ways. Because the four share a mechanistic
core, the boundary between them is stated here explicitly.

This review addresses the adolescent window
and the design of a preventive trial within it. The
companion review addresses the adult Indian phenotype
and asks whether fermentable substrate supply has
diverged from the fermentative capacity of a Prevotella-
dominant community, ending in a measurement rather
than an intervention agenda [4]. The relationship
between the two is directional: the population baseline
that article identifies as missing is a prerequisite for
interpreting any endpoint in the trial this one specifies,
and the two should be read in that order.

Two further reviews by this group apply the
same butyrate-supply question in the infection domain,
to the intestinal uropathogen reservoir in recurrent
urinary tract infection [5] and to the iatrogenic depletion
of butyrate-producing bacteria by antimicrobial therapy
[6]. The second is directly relevant here: adolescent girls
are among the most heavily antibiotic-exposed groups in
Indian practice, and if that exposure depletes the taxa this
review argues should be preserved, then the preventive
window described below is being narrowed by routine
care. That interaction has not been studied and is noted
as a research priority.

4. How little is known

The evidence base in the target population is
close to empty, and this has been documented rather than
merely asserted. A systematic review of the gut
microbiome in youth with PMOS identified 178 records

by database search, assessed 68 at full text, and included
four studies [7]. Its findings were correspondingly
limited: a change in alpha diversity in adolescents with
PMOS, no significant alteration in beta diversity, and
abundance of Firmicutes, Bacteroidetes and
Actinobacteria in both groups with differences at family
level. The authors concluded that further data are
required to clarify these changes and to build a strategy
to prevent the syndrome’. A separate narrative review of
probiotics in adolescents with obesity and PMOS
reached a similar position, describing the supporting
evidence as suggestive and calling for studies in
adolescent patients specifically [8].

This scarcity is itself the argument for the
review. The adult literature now comprises meta-
analyses of tens of studies [9], while the population in
whom prevention would have to occur has four.

5. What the adolescent studies show

Three findings from adolescent and young adult
samples are worth stating precisely. First, in a
randomised comparison in girls with PMOS without
obesity (mean age 15.8 years), the gut microbiota
showed decreased alpha diversity and an altered
taxonomic profile with greater abundance of Family XI
and less abundance of Prevotellaceae, Prevotella and
Senegalimassilia relative to age-matched controls;
Family XI abundance correlated positively with hepato-
visceral fat, and one year of spironolactone-pioglitazone-
metformin normalised Family XI abundance whereas an
oral contraceptive did not [10]. That dissociation
between a treatment that addresses metabolic substrate
and one that addresses symptoms is instructive, and is
rarely discussed in these terms.

Second, microbiota alterations in PMOS appear
to be associated with the syndrome rather than simply
with adiposity: changes have been observed in
adolescent girls with PMOS and obesity compared with
body mass index- and age-matched females without the
disorder, and in women of normal weight as well as those
with obesity [11]. Third, and providing the likeliest
explanation for why diversity findings disagree between
studies, hyperandrogenism itself tracks with microbial
diversity. In 163 women, hyperandrogenism, total
testosterone and hirsutism were each negatively
correlated with alpha diversity, and hyperandrogenism
also correlated with beta diversity [12]; an independent
study found indices of bacterial diversity correlating
positively with serum androgens and negatively with
oestradiol [13]. Diversity in PMOS may therefore be
tracking severity rather than diagnosis, which matters
when recruiting adolescents whose androgen status is
still evolving.

6. Early-life programming and the case for an early
window

The rationale for intervening early does not rest
on adolescent data alone. Androgen exposure shapes the
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gut microbiota, and the resulting community is itself
pathogenic: microbiota shaped by
dehydroepiandrosterone and transplanted into pseudo-
germ-free recipients produced disturbances of hepatic
glucolipid metabolism and reproductive hormone
balance [14]. Transfer in the human direction produces
the same conclusion: faecal microbiota from women
with PMOS, transplanted into recipient mice, caused
ovarian dysfunction, insulin resistance and infertility
[15]. The microbial contribution is therefore
transmissible and, in principle, modifiable, and the
period during which the community is being established
is the period in which modification should be most
effective.

7. The preventive proof of concept, and its
counterpart

One study addresses prevention directly.
Butyric acid-based self-assembling nanoparticles,
designed to release butyrate in a sustained manner in the
intestine, were administered in drinking water to
prenatally androgenised mice from immediately after
weaning until 20 weeks of age. Administration
normalised irregular oestrous cyclicity, improved
polycystic ovarian morphology with fewer atretic
follicles, and improved adipocyte hypertrophy and
insulin resistance, with an increase in certain butyrate-
producing bacteria supporting the proposed mechanism
[16]. The design is preventive rather than therapeutic: the
intervention began before the phenotype had developed
[16].

The counterpart study is essential to cite and
easy to misread. Sodium butyrate given by daily oral
gavage to mice with pre-established diet-induced obesity
and androgen excess was not protective; treated animals
showed greater weight gain and adipose expansion,
higher visceral interleukin-6 and tumour necrosis factor-
alpha, reduced adiponectin and impaired glucose
tolerance, and the authors concluded that butyrate effects
are context-dependent [17]. The two studies differ in
three respects that plausibly account for the divergence:
timing (before versus after phenotype establishment),
delivery (sustained intestinal release versus bolus
gavage) and host state (androgen exposure alone versus
androgen excess with established obesity). Given that
only about 2 per cent of colonically administered
butyrate reaches the systemic circulation [18], bolus and
sustained-release administration are pharmacologically
distinct interventions rather than the same intervention at
different doses. Neither study is sufficient on its own;
together they identify timing and delivery as the
variables a preventive trial must control.

8. Mechanisms that make prevention plausible
Butyrate acts on the principal axes of the PMOS
phenotype, which is why an early intervention might
plausibly alter trajectory rather than merely symptoms.
Short-chain fatty acids stimulate glucagon-like peptide-
1 secretion through free fatty acid receptor 2, and

receptor-knockout animals show impaired secretion and
impaired glucose tolerance [19]. In the ovary, butyrate
suppresses METTL3-mediated m6A modification of
FOSL2 in granulosa cells with downstream reduction of
NLRP3, interleukin-6 and tumour necrosis factor-alpha,
and serum butyric acid was lower in women with obese
PMOS [20]. A lipid-coated sodium butyrate preparation
restored oestrous cycles and ovulation in a rat model with
reductions in testosterone, insulin and luteinising
hormone and increases in colonic GPR41 and peptide
YY [21]. Substrate-directed intervention shows the same
pattern: inulin improved hyperandrogenism and
glucolipid metabolism in both a patient cohort and mice,
with verified enhancement of short-chain fatty acid
biosynthetic capacity, and the benefit was transferable by
faecal transplantation from treated patients [22].

9. What has been tested in humans, and in whom
Human intervention evidence exists but almost
entirely in adults. A randomised placebo-controlled trial
of inulin-type fructans at 10 g daily for 12 weeks in
overweight and obese women with PMOS reduced waist
circumference, total testosterone and free androgen
index, raised sex hormone-binding globulin and reduced
the number of women with irregular menses [23]. Pooled
across 17 trials of gut-derived metabolite interventions
comprising 1,214 women, total testosterone, the
luteinising-to-follicle-stimulating hormone ratio, fasting
insulin and HOMA-IR all improved, with certainty rated
moderate for insulin-related outcomes and low for sex
hormone outcomes [24]; a larger synthesis of 26
randomised trials of prebiotics, probiotics and synbiotics
reported reductions in weight, body mass index, waist
circumference, insulin, HOMA-IR and total testosterone
[25]. None of these trials recruited adolescents, and none
was designed to test prevention rather than treatment.

10. The diagnostic problem

Any adolescent prevention study confronts a
difficulty that is not incidental. Diagnosis of PMOS in
adolescence is contested because the diagnostic features
overlap with normal pubertal variation: menstrual
irregularity, acne and multifollicular  ovarian
morphology are common in the years after menarche in
girls who will not develop the syndrome [7]. This creates
two risks in opposite directions. A trial recruiting on
diagnostic criteria will enrol girls who would have
resolved, diluting any effect. A trial recruiting on risk
factors instead, such as maternal PMOS, early
adrenarche or central adiposity, avoids that problem but
must then justify intervening in girls without a diagnosis.
Our view is that the second design is preferable provided
the intervention is a dietary substrate rather than a drug,
since the risk-benefit threshold for increasing
fermentable fibre intake in an adolescent is low.

11. Ethical constraints specific to adolescence

A prevention trial in adolescents is not a scaled-
down adult trial, and three constraints shape what is
permissible. The first concerns who would be recruited.
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Because the diagnostic features of PMOS in adolescence
overlap normal pubertal variation [7], a prevention trial
must recruit on risk rather than on diagnosis, which
means enrolling girls most of whom will never develop
the syndrome. The acceptable risk threshold for such a
cohort is correspondingly low. A fermentable dietary
substrate or a food-grade short-chain fatty acid donor can
meet it; a pharmacological agent with appreciable
systemic exposure cannot. This is a constraint on the
choice of intervention, not merely on the wording of the
consent form.

Second, the counterpart animal experiment is a
warning about harm and not only about efficacy. Bolus
sodium butyrate given to animals with established diet-
induced obesity and androgen excess produced greater
weight gain, greater adipose expansion and higher
visceral inflammatory cytokines than no treatment at all
[17]. A trial recruiting on risk will inevitably enrol some
participants in whom the metabolic phenotype is already
established, so the possibility that one intervention helps
before and harms after a phenotypic threshold must be
handled prospectively: by stratifying at randomisation on
adiposity and androgen status, by pre-specifying
stopping rules on weight and insulin resistance, and by
reporting the strata separately whatever the pooled result
shows.

Third, labelling. Recruiting adolescents into a
study organised around a syndrome they do not have
risks conferring an anticipatory illness identity, a
recognised harm of screening in this age group and a
particular concern for a condition carrying reproductive
and cosmetic connotations [3,7]. Study documentation
should be framed in terms of dietary fibre and metabolic
health rather than PMOS risk; results should be returned
to participants and guardians with explicit statements of
what they do and do not predict; and no participant
should leave the study carrying a diagnosis she did not
have on entry. None of these constraints is prohibitive.
Together they argue that the first human study in this
window should be a substrate-supply trial with metabolic
endpoints in a risk-defined cohort, and that
pharmacological butyrate delivery in adolescents should
wait for adult efficacy data stronger than the pooled
surrogate endpoints presently available [24,25].

12. Design requirements for a prevention trial

Five requirements follow from the evidence
above and are set out in Table II. The intervention must
deliver butyrate or its substrate to the distal colon in
sustained rather than bolus form, because the two are
pharmacologically different [16-18]. Recruitment must
occur before the metabolic phenotype is established,
which in practice means peri-menarcheal. Stratification
by androgen status and body mass index is essential,
since both modify the microbial phenotype and plausibly
modify response [12,17,26]. The mediator endpoint
should be plasma butyrate together with metagenomic
butyrate-producing gene abundance rather than faecal

short-chain fatty acid concentration, which does not
reflect production rate [27]. And the primary clinical
endpoint should be metabolic rather than reproductive,
since insulin resistance is measurable over a trial horizon
whereas ovulatory outcome in adolescents is not.

13. Translational perspective: emerging postbiotic
and butyrate-delivery strategies

Interest in microbiome-derived intervention has
expanded beyond live probiotics to include postbiotic
preparations and strategies designed to deliver microbial
metabolites, or their precursors, to defined intestinal
sites. Precision about the category is necessary before
proceeding. A postbiotic was defined by international
consensus as a preparation of inanimate microorganisms
and/or their components that confers a health benefit on
the host [28], and isolated or purified metabolites fall
outside that definition [29]. Glycerol tributyrate
(tributyrin), a triglyceride ester of butyric acid, is
therefore not a postbiotic in the consensus sense: it
contains no microbial cells or cell components. It is a
butyrate precursor, and it is discussed alongside
postbiotic approaches here because the two act on the
same host pathway and are being developed for the same
clinical purpose, not because they belong to the same
regulatory or definitional category.

The divergence between the two animal
experiments central to this review turns on delivery as
much as on timing. Sustained intestinal release from
weaning prevented development of the phenotype [16];
bolus gavage to animals with an established phenotype
did not, and was associated with harm [17]. Because
approximately 2 per cent of colonically administered
butyrate reaches the systemic circulation [18], a
preparation that releases its payload in the stomach or
proximal small intestine is not a lower dose of the same
intervention but a different intervention with a different
target organ. This is why formulation belongs among the
primary design variables of a preventive trial rather than
among its implementation details, and the human data
available on butyrate precursors reinforce the point: the
only published pilot study of a tributyrin complex, in
healthy adults, reported decreased faecal acetate and
propionate and was interpreted by its authors as small-
intestinal release with hepatic activity [30]. A
preparation with that profile would not test the
hypothesis this review advances, whatever dose were
given.

Aeon Formulations Pvt Ltd has developed a
patented technology, designated GTB, comprising a
microencapsulated powder form of glycerol tributyrate,
and this technology is used in the development of the
ThirdBiome platform. Microencapsulation is intended to
alter where in the gastrointestinal tract the ester is
hydrolysed, and therefore how much butyrate reaches the
distal intestine; whether it does so in humans is an
empirical question that has not been answered for this or,
with the single exception noted above, for any
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comparable preparation. Microencapsulated glycerol
tributyrate technologies, including the patented GTB
technology developed by Aeon Formulations Pvt Ltd and
used in the development of the ThirdBiome platform,
represent one approach to the sustained-delivery
requirement identified above. The appropriate next step
for any such preparation is characterisation against that
requirement, in pharmacokinetic and colonic-exposure
studies in adults, and then adult efficacy studies, before
an adolescent trial is contemplated. No data of either kind

exist in adolescents, no efficacy claim is made here for
this or any preparation, and the conclusion of this review
is unchanged: the first human study in this window
should be a substrate-supply trial with metabolic
endpoints in a risk-defined cohort, and pharmacological
butyrate delivery in adolescents should not occur outside
a trial. The authors' commercial interest in this
technology is declared in the competing interest’s
statement.

Table I: Studies of the gut microbiome in adolescents and young women with polyendocrine metabolic ovarian

syndrome
Study Population Principal finding Limitation
Tsinopoulou et | Systematic review; 178 Altered alpha diversity; no significant beta Four studies; heterogeneous
al[7] records screened, 4 diversity change; family-level differences methods; authors call for
studies included prevention strategy data
Garcia-Beltran | 30 girls with PMOS Reduced alpha diversity; Family XI increased | Small randomised

et al' (mean 15.8 yr), 31 age-

matched controls

and correlated with hepato-visceral fat;
normalised by SPIOMET but not by oral
contraceptive

subgroups; post-treatment
samples in 23 of 30

Calcaterra et Narrative review,

Probiotic and synbiotic supplementation may

Narrative; adolescent-

Thackray'! rodent studies

al® adolescents with obesity improve hormonal, inflammatory and lipid specific trials lacking
and PMOS profiles
Rizk &amp; Review of human and Microbiota changes present in adolescent girls | Review; adolescent primary

with PMOS independently of obesity

data limited

73 women with PCOS, 42
with polycystic ovarian
morphology, 48 controls

Torres et al'?

Hyperandrogenism, testosterone and
hirsutism each negatively correlated with
alpha diversity

Adult sample; cross-
sectional

Table II: Design requirements for a trial of butyrate-directed prevention in adolescence

Domain Requirement Rationale

Formulation Sustained intestinal release rather than Prevention succeeded with sustained-release nanoparticles!®
bolus administration and failed with bolus gavage'’; systemic availability of

colonic butyrate is ~2%'®

Timing Peri-menarcheal recruitment, before the Comorbidity is already advanced at adult diagnosis®; the
metabolic phenotype is established successful preventive model began at weaning'®

Stratification Stratification by androgen status and body | Both modify the microbial phenotype and plausibly modify
mass index response %1726

Mediator Plasma butyrate and metagenomic Faecal concentration does not reflect production rate?’

measurement butyrate-producing gene abundance as
mediator endpoints

Primary Metabolic rather than reproductive Insulin resistance is measurable over a feasible trial

endpoint primary endpoint horizon; adolescent ovulatory outcome is not

Eligibility Recruitment on risk factors rather than Diagnostic features overlap normal pubertal variation’;
adolescent diagnostic criteria acceptable only for a dietary-substrate intervention

14. Limitations

The central limitation is that this review argues
for a hypothesis on which no human preventive data
exist. The adolescent microbiome evidence comprises
four studies [7]; the preventive evidence is a single
rodent experiment [16]; and the human intervention
evidence comes from adults with established disease and
cannot be extrapolated to prevention in youth [23-25].
Regional variation adds further caution, since the
microbial phenotype of PMOS differs between
populations and the single Indian study available
examined adult women in one region [31]. We name one
formulation category in the translational perspective
section for completeness, but propose no specific

preparation for use, and no conclusion here supports the
use of a butyrate supplement in adolescents outside a
trial.

15. CONCLUSIONS

Adolescence is the period in which the
metabolic trajectory of PMOS is set and the period in
which the gut microbial contribution has been least
studied. Four studies exist in the target population. The
one preventive experiment available shows that
sustained intestinal butyrate delivery from weaning
prevented phenotype development in an androgenised
animal model, while bolus delivery to animals with
established disease did not, identifying timing and
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formulation as the decisive variables. Whether the same
holds in adolescent girls is unknown and is answerable.
Given the prevalence in this age group and the
comorbidity already present at adult diagnosis, the
question merits the trial.
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