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ABSTRACT

RESUMEN

Polycystic ovary syndrome (PCOS) is the most common endo-
crinopathy in women of reproductive age, characterized by
hyperandrogenism, ovulatory dysfunction, and polycystic
ovarian morphology. Its coexistence with type 1 diabetes (T1D)
represents a distinctive model of endocrine, immune, and meta-
bolicinteraction. Unlike classical PMOS, typically associated with
insulin resistance and endogenous hyperinsulinemia, T1D may
promote a distinct phenotype in which therapeutic exogenous
hyperinsulinemia, systemic inflammation, and central adiposity
converge to disrupt ovarian function. In Mexico, PCOS preva-
lence among women with T1D has been reported at up to 39%,
within the upper range of international estimates and compa-
rable to Latin American cohorts using Rotterdam criteria. This
association may be influenced by body composition and the
inflammatory milieu, given the high prevalence of obesity and
metabolic syndrome. Recent Mexican studies show that circulat-
ing IL-6 correlate with body mass index and metabolic syndrome,
but not PCOS, suggesting predominantly systemic adipose-de-
rived rather than ovarian inflammation in women with T1D.

Keywords: Polyendocrine metabolic ovarian syndrome. Type
1 diabetes. Inflammation. Interleukin-6. Tumor necrosis factor
alpha. Hyperinsulinemia.

El sindrome de ovario poliquistico (SOP) es la endocrinopatia
mas frecuente en mujeres en edad reproductiva, caracterizada
por hiperandrogenismo, disfuncién ovulatoria y morfologia
ovarica poliquistica. Su coexistencia con diabetes tipo 1 (DT1)
representa un modelo distintivo de interacciéon endocrina,
inmunitaria y metabdlica. A diferencia del SOP clasico, asociado
con resistencia a la insulina e hiperinsulinemia endégena, la
DT1 puede favorecer un fenotipo distinto, en el que la hipe-
rinsulinemia exégena terapéutica, la inflamacion sistémica
y lav adiposidad central convergen para alterar la funcion
ovarica. En México, se ha reportado una prevalencia de SOP
de hasta 39% en mujeres con DT1, dentro del rango superior
de las estimaciones internacionales y comparable con cohor-
tes latinoamericanas que utilizan criterios de Rotterdam. Esta
asociacion podria estar modulada por la composicién corporal
y el entorno inflamatorio. Estudios mexicanos recientes mues-
tran que la IL-6 se correlaciona con el indice de masa corporal
y el sindrome metabdlico, pero no con SOP, sugiriendo una
inflamacion predominantemente sistémica de origen adiposo.
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INTRODUCTION

Polyendocrine metabolic ovarian syndrome (PMOS),
formely known as Polycystic ovary syndrome (PCOS),
is a multifactorial endocrine disorder affecting
between 5 and 20% of women of reproductive age,
depending on the diagnostic criteria applied (Rotter-
dam, National Institutes of Health [NIH], Androgen
Excess and Polycystic Ovary Syndrome Society
[AE-PCOS])." It is characterized by a variable combi-
nation of hyperandrogenism, chronic anovulation,
and polycystic ovarian morphology. Beyond its repro-
ductive impact, PCOS is increasingly recognized as a
metabolic and inflammatory syndrome, associated
with insulin resistance, dyslipidemia, central obesity,
and increased cardiovascular risk.*”7

Type 1 diabetes (T1D), in contrast, is an autoimmune
disease that leads to destruction of pancreatic § cells
and absolute insulin deficiency.®? Its treatment requi-
res lifelong exogenous insulin administration, which
restores glycemic control but may result in chronic
peripheral exposure to supraphysiological insulin
concentrations. This pattern of exogenous hype-
rinsulinemia has been associated with alterations
in ovarian function and the development of clinical
features consistent with PCOS.'%"

The coexistence of PCOS and T1D, initially conside-
red anecdotal, has been increasingly documented
over recent decades. Its study is clinically relevant, as
it provides a natural model of dissociation between
insulin resistance and insulin exposure, allowing
exploration of the direct effects of insulin on ovarian
physiology and systemic metabolism.

In Mexico, this association is of relevance. The
nutritional transition and the high prevalence of
overweight and obesity among adolescents and
young women have modified the clinical profile of
T1D. According to the RENACED registry (2021), 38%
of Mexican women with T1D present excess body
weight, with a mean age at diabetes diagnosis of
11 years.'? This scenario represents a dual burden:
the autoimmune component inherent to T1D and
the metabolic inflammation derived from adipose
tissue, both of which may potentiate ovarian
dysfunction.

Since 2023, the study by Garcia-Sdenz et al.'* has shown
that the prevalence of PMOS among Mexican women
with T1D reaches 39%, a figure within the upper range
of estimates reported internationally and similar to
other Latin American cohorts when Rotterdam-based
criteria are applied.* In this cohort, hirsutism and poly-
cystic ovarian morphology were the most frequent
components, whereas biochemical hyperandrogenism
was less common.

More recently, a Mexican single-center exploratory
study of proinflammatory markers in women with T1D
and PMOS demonstrated that serum concentrations
of interleukin-6 (IL-6) and tumor necrosis factor alpha
(TNF-a) are independently associated with body mass
index (BMI) and metabolic syndrome, but not with the
diagnosis of PCOS."*These findings suggest that systemic
inflammation in T1D is primarily determined by metabo-
licand adipose status, and that the ovary acts predomi-
nantly as a target organ rather than as a primary source
of inflammation.

Recent evidence further suggests that the association
betweenT1D and PMOS should be interpreted within
a broader spectrum of androgen excess disorders. In
a contemporary cohort evaluated using state-of-the-
artanalytical techniques, up to one quarter of women
with T1D presented an undiagnosed hyperandrogenic
disorder. The classic PMOS phenotype was the most
frequent, although with milder clinical and biochemi-
cal manifestations. These findings reinforce the notion
that hyperandrogenism in T1D may be underdiagno-
sed and that its expression differs from that observed
in classic PMOS in the general population.'

The aim of this review is to integrate the clinical,
metabolic, and immunological evidence supporting
the interaction between PMOS and T1D, with particu-
lar emphasis on the Mexican population, and propose
an emerging immunometabolic model integrated to
the pathophysiology of PMOS in this specific context.

METHODS

This article was designed as a narrative review. The struc-
ture and reporting of the manuscript were guided by the
Scale for the Assessment of Narrative Review Articles.
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[ Immunometabolic model of PMOS in type 1 diabetes
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Figure 1. Immunometabolic model of PCOS in type 1 diabetes (T1D). Exogenous insulin therapy in T1D leads to chronic peripheral hype-
rinsulinemia, which directly stimulates ovarian steroidogenesis and amplifies androgen production. Concurrently, central adiposity promotes
adipose tissue-derived inflammation characterized by increased interleukin-6 and tumor necrosis factor-alpha, contributing to insulin resis-
tance and endothelial dysfunction. The ovary acts as a target organ within this immunometabolic network, resulting in ovarian dysfunction,

hyperandrogenic features, and increased cardiovascular risk.

A targeted literature search was conducted in
PubMed/MEDLINE from database inception to June
2025. The search was organized into three thematic
domains: PCOS/hyperandrogenism, T1D/autoim-
mune diabetes, and inflammation/immunometabolic
dysfunction. Synonyms and related terms within each
domain were combined with OR, and the three doma-
ins were subsequently combined with AND to iden-
tify literature addressing the intersection between
ovarian dysfunction, autoimmune diabetes, and
inflammatory-metabolic risk.

The search was complemented by a manual review of
reference lists from relevant articles. Priority was given
to original studies, systematic reviews, meta-analyses,
international guidelines, and studies conducted in
Latin American or Mexican populations when availa-
ble. The final selection of articles was based on rele-
vance to the clinical, metabolic, reproductive, and
immunoinflammatory interaction between PMOS
andT1D.
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EPIDEMIOLOGY AND PREVALENCE

The prevalence of PMOS among women with T1D
varies widely across international cohorts, ranging
from 7.4 t0 49%, depending on population characte-
ristics, age distribution, diagnostic criteria, and andro-
gen assessment methods. Latin American cohorts,
particularly those from Chile and Mexico, have repor-
ted prevalences close to 40% when Rotterdam-based
criteria are applied. To facilitate comparison across
studies, Table 1 summarizes the main cohorts evalua-
ting PMOS in women with T1D, including country,
sample size, PMOS prevalence, diagnostic criteria,
obesity or body composition data, and insulin dose
per kilogram of body weight when available.#>10.16.17

In the systematic review and meta-analysis by Bayona
et al.,* which included 1042 women with T1D, the
pooled prevalence of PMOS was 26%, with substantial
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Table 1. Differences in PCOS prevalence in women with T1D across studies and diagnostic criteria

Study Country n PMOS Diagnostic Obesity/body Insulin dose References
(T1D) prevalence  criteria = composition data
(%)

Escobar- Spain 85 19 NIH Obesity NR; BMI'in PCOS: 0.7 = 0.4 U/kg/day 18
Morreale et 235 = 3.1 kg/m? in PMOS
al. (2000)
Codner et Chile 42 40.5 ESHRE/ASRM  Obesity NR; overall BMI in 0.1 U/kg/day, 10
al. (2006) Rotterdam  T1D 24.5 = 0.5 kg/m? overall T1D
Bizzarri et Italy 54 74 ESHRE/ASRM  Obesity prevalence NR; MI: 1.0 = 0.1 U/kg/ 19
al. (2011) Rotterdam  Overall BMI: 24.9 = 3.0 kg/ day; CSIl: 0.6 = 0.1

m? U/kg/day; none

reported by PMOS

Amato et al. [taly 103 36.9 AE-PCOS Obesity prevalence NR; 0.71 £ 0.16 U/kg/ 11
(2014) BMI'in T1D + PMOS: day in T1D + PMOS

22.79 + 3.8 kg/m?
Busiah etal.  France 53 479 ESHRE/ASRM,  Obesity prevalence NR; 1.1 (0.7-1.5) U/kg/ 20
(2017) NIH report in BMI Z-Score 1.2 day in T1D + PMOS

(=0.9-3.9)
Braham et Saudi 102 15.7 ESHRE/ASRM  Overall cohort: 26.8% 0.83 = 0.2 U/kg/day, 21
al. 2017) Arabia Rotterdam  overweight and 2.8% overall cohort

obesity; NR prevalence in

PMOS; BMI in PMOS:

253 = 4.77 kg/m?
Gunness et Ireland 87 18 NIH Obesity prevalence NR; NR; eGDRin T1D + 22
al. (2018) BMI'in T1D + PMOS PMOS: 10.1 £ 2.0

234 x 5.0 kg/m? mag/kg/min
Castro- Portugal 42 19 ESHRE/ASRM  Excess weight defined as  NR. 23
Correia et BMI > 85™ percentile: 43%
al. (2018)
Thong etal.  United 115 16.5 Self-reported  Overall T1D cohort: NR 16
(2020) Kingdom PMOS; forma  overweight 40.4%, obesity

diagnostic  14%; overall BMI in T1D:
criteria not 25 (23.1-28.2) kg/m?
available

Lebkowska Poland 83 49 ESHRE/ASRM,  Obesity prevalence NR; 0.5 (0.4-0.6) U/kg/ 24
etal. (2021) NIH, AE-PCOS  BMI'in T1D + PMOS: 25 day in T1D 4+ PMOS

(22-26) kg/m?
Dominic et India 65 27 ESHRE/ASRM,  Obesity prevalence NR; 1.05 (0.79-1.31) U/ 25
al. (2023) NIH, AE-PCOS  BMIin T1D + PMOS: 21.5  kg/day in T1D +

(20.1-23.8) kg/m? PMOS
Garcia- Mexico 41 39 ESHRE/ASRM, InT1D + PCOS: 1.04 + 0.33 U/kg/ 13
Sdenz et al. NIH, AE-PCOS  overweight 37.5%, obesity day in T1D + PMOS
(2023) 12%; BMI'in T1D + PMOS

2587 = 3.6 kg/m?

Differences in PMOS prevalence across studies and diagnostic criteria. Data are shown as reported in the original studies. PMOS prevalence may vary according to the
diagnostic criteria applied. Obesity, BMI, and insulin dose data are shown when available; when not reported specifically for the PMOS subgroup, overall cohort values

are presented. Insulin dose refers to the total daily insulin dose per kilogram of body weight unless otherwise stated.

AE-PCOS: Androgen Excess and Polycystic Ovary Syndrome Society; ASRM: American Society for Reproductive Medicine; BMI: body mass index; CSll: continuous
subcutaneous insulin infusion; eGDR: estimated glucose disposal rate; ESHRE: European Society of Human Reproduction and Embryology; MI: multiple insulin injections;
NIH: National Institutes of Health; NR: not reported; PMOS: polyendocrine metabolic ovarian syndrome; T1D: type 1 diabetes.
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heterogeneity depending on whether Rotterdam,
NIH, or AE-PCOS diagnostic criteria were applied.
Among individual studies, the highest prevalences
were reported by Lebkowska et al. (49%), Busiah et
al. (48%), and Codner et al. (40%). Studies conducted
in Latin American populations also reported relatively
high prevalences, ranging from approximately 23 and
40.5%.

The Mexican study by Garcia-Sdenz et al. reported a
PMOS prevalence of 39%, one of the highest frequen-
cies reported to date. This cross-sectional cohort
included 41 women with T1D treated at a tertiary
referral center and evaluated PMOS using the Euro-
pean Society of Human Reproduction and Embrio-
logy/American Society for Reproductive Medicine
(ESHRE/ASRM) Rotterdam criteria, with additional
classification according to AE-PCOS and NIH criteria.
Before PMOS classification, other causes of hype-
randrogenism or menstrual dysfunction, including
hyperprolactinemia, uncontrolled hypothyroidism,
and congenital adrenal hyperplasia, were excluded.
Operational diagnostic components included clinical
hyperandrogenism, biochemical hyperandrogenism,
oligomenorrhea, and polycystic ovarian morpho-
logy. Clinical hyperandrogenism was defined mainly
by hirsutism, whereas biochemical hyperandroge-
nism was less frequent. PMOS prevalence was 39%
according to ESHRE/ASRM criteria, 31.7% according
to AE-PCOS criteria, and 14.6% according to NIH
criteria. The most frequent component was polycys-
tic ovarian morphology. Regarding body compo-
sition, 36.6% of the overall cohort had overweight
and 12.2% had obesity. Among women with T1D
and PMOS, 37.5% had overweight and 12.5% had
obesity, compared with 36 and 12%, respectively,
among women without PCOS. Although BMl and the
estimated glucose disposal rate (eGDR) values did
not differ significantly between groups, women with
PMOS required higher daily insulin doses than those
without PMOS (1.04 + 0.33 IU/kg/day vs. 0.71 + 0.29
IU/kg/day; p = 0.003). In addition, insulin resistance,
defined by eGDR < 7.32 mg/kg/min, was more
frequent in women with PMOS. These findings are
consistent with the hypothesis that therapeutic hype-
rinsulinemia, together with metabolic susceptibility,
may contribute to ovarian dysfunction in women
with T1D."3
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The variability in reported PMOS prevalence among
women with T1D may be partially explained by
methodological differences across studies. The predo-
minant use of immunoassays for androgen measure-
ment and the application of reference ranges derived
from the general population may lead to both over-
diagnosis and underdiagnosis of hyperandrogenism
inT1D. More recent studies employing liquid chroma-
tography-mass spectrometry and direct measurement
of free testosterone suggest more accurate prevalence
estimates and a finer phenotypic characterization of
androgen excess disorders in this population.’>26

This geographic variation suggests that environmen-
tal context and body composition influence the clini-
cal expression of PMOS in T1D. The higher prevalence
observed in Mexico and Latin America may result from
the interaction between therapeutic hyperinsuline-
mia and central adiposity, which together potentiate
ovarian dysfunction.

In addition, a 2025 study evaluating inflammatory
markers reported that the prevalence of metabolic
syndrome among Mexican women with T1D reaches
35.1%, and that its presence is associated with higher
circulating levels of IL-6 (r = 0.45, p < 0.01) and TNF-a
(r=0.41, p <0.01)"%. These findings further support
the concept that PMOS in T1D develops within a meta-
bolically driven inflammatory environment rather
than as a primary ovarian disorder.

SHARED PATHOPHYSIOLOGICAL
MECHANISMS BETWEEN PMOS
AND T1D

The coexistence of PMOS and T1D represents a highly
complex pathophysiological model in which endo-
crine, metabolic, and immune alterations converge.
In Mexican women, three fundamental axes explain
this interaction:

1) Exogenous hyperinsulinemia derived from inten-
sive insulin therapy

2) Adipose tissue-dependent systemic inflammation

3) An amplified ovarian response to metabolic and
inflammatory stimuli.
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These mechanisms may act synergistically to disrupt
the hypothalamic-pituitary-ovarian axis and periphe-
ral metabolism, shaping an emerging immunometa-
bolic phenotype.

The interaction between exogenous hyperinsuline-
mia, adipose tissue-driven inflammation, ovarian
dysfunction, and endothelial impairment in women
with T1D is summarized in figure 1.

EXOGENOUS HYPERINSULINEMIA AND
DIRECT OVARIAN ACTION

Insulin is a hormone with well-recognized secon-
dary gonadotropic effects. In the ovary, insulin acts
through its own receptors in theca and granulosa
cells, potentiating luteinizing hormone (LH) action
and stimulating the expression of CYP17A1, a key
enzyme in androgen biosynthesis.?”-?8

Under physiological conditions, portal insulin concen-
trations exceed peripheral levels, allowing modulation
of hepatic insulin action without systemic overexpo-
sure. However, subcutaneous insulin administration
disrupts this gradient, leading to chronic peripheral
hyperinsulinemia. This phenomenon has been exten-
sively documented in women with T1D receiving
intensive insulin regimens.?®

Codner et al.’® observed that polycystic ovarian
morphology was significantly more frequent in
women with T1D treated with = 3 daily insulin injec-
tions (75%) compared with those receiving less inten-
sive insulin regimens (33%). This effect appeared to be
independent of glycemic control, suggesting a direct
gonadotropic action of insulin on the ovary.

In addition, insulin reduces hepatic synthesis of sex
hormone-binding globulin (SHBG), thereby increa-
sing the free fraction of testosterone. This mechanism
may explain the presence of clinical hirsutism despite
normal total testosterone levels reported in the Mexi-
can cohort.”

At the molecular level, insulin and LH converge on the
PI3K/Akt/mTOR signaling pathway, promoting theca
and follicular growth. Chronic exposure to elevated
insulin levels induces hyperplasia of the theca interna,

stromal expansion, and follicular growth arrest, ulti-
mately leading to the characteristic polycystic ovarian
morphology.?8303T

Thus, therapeutic hyperinsulinemia acts as an ampli-
fying factor of androgenic steroidogenesis, indepen-
dently of classical insulin resistance, and constitutes
the core endocrine disturbance in PMOS associated
with T1D.

ADIPOCYTE-DEPENDENT SYSTEMIC
INFLAMMATION

For many years, both PMOS and T1D were assumed
to share a state of chronic low-grade inflammation.
However, recent findings in the Mexican population
refine this interpretation when both conditions are
present.

The study by Garcia-Saenz et al. demonstrated
that circulating levels of IL-6, TNF-a, and C-reactive
protein (CRP) do not differ significantly between
women with T1D with and without PMOS, but are
markedly elevated in the presence of obesity or meta-
bolic syndrome.' These findings support a model
in which the ovary functions as a target organ of an
adverse immunometabolic environment rather than
as a primary source of inflammation.

IL-6, of which approximately 15-35% is secreted by
adipose tissue, acts as an endocrine mediator that
stimulates hepatic CRP synthesis and promotes insulin
resistance through activation of SOCS3, which inhi-
bits insulin receptor substrate 1 (IRS-1) phosphoryla-
tion.3233 In parallel, TNF-o. induces insulin resistance
through serine phosphorylation of IRS-1 and negati-
vely modulates glucose transporter 4 expression in
muscle and adipose tissue.3*

This systemic inflammatory pattern perpetuates a
vicious cycle: exogenous insulin and adipose tissue
inflammation increase visceral fat storage, which in
turn enhances cytokine production. In women with
T1D, the combination of therapeutic hyperinsulinemia
and central obesity amplifies the proinflammatory
state, creating a permissive environment for ovarian
dysfunction.
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In the Mexican context, where overweight and obesity
affect more than 70% of adult women and nearly
40% of adolescents with T1D present excess body
weight.'>3 this mechanism acquires relevance. The
ovary is not the primary generator of inflammation,
but rather the organ that manifests its endocrine
consequences.

OXIDATIVE STRESS AND
INFLAMMATION

Recent studies in women with classic PMOS have
shown that hyperandrogenism is associated with
increased oxidative stress, elevated proinflammatory
cytokines, and DNA damage, particularly in hyperan-
drogenic phenotypes. However, these studies syste-
matically exclude women with diabetes and evaluate
contexts dominated by endogenous hyperandroge-
nism and insulin resistance.33”

Therefore, direct extrapolation of these mechanisms
to PMOS associated with T1D should be approached
with caution, as available evidence in this setting
suggests that adiposity and metabolic imbalance
remain the main determinants of oxidative stress and
systemic inflammation.

CYTOKINES AND CROSS-SIGNALING

The impact of proinflammatory cytokines on ovarian
function is multifaceted.

- IL-6: increases CRP levels, alters follicular matura-
tion, and reduces granulosa cell responsiveness to
follicle-stimulating hormone.3238 In T1D, elevated
IL-6 levels are associated with microangiopathy and
arterial stiffness.

— TNF-o: promotes granulosa cell apoptosis, reduces
aromatase activity, and increases 17a-hydroxylase
activity in theca cells.333°

— IL-1p: activates the NLRP3 inflammasome and contri-
butes to autoimmune destruction of pancreatic-f§
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cells; in the ovary, it interferes with ovulation and
luteinization. 041

— CRP: a non-specific marker of systemic inflam-
mation, correlates with endothelial dysfunction and
cardiovascular risk, but its elevation depends more
on BMI rather than on PMOS per se.**43

Together, these cytokines modulate both peripheral
insulin sensitivity and ovarian responsiveness to gona-
dotropins, constituting an inter-organ inflammatory
network connecting adipose tissue, liver, pancreas,
endothelium, and ovary.

Mexican research provides evidence that this network
is hyperactivated by obesity and excess insulin, but
not necessarily by the presence of PMOS itself. This
nuance redefines the traditional interpretation of
PMOS in T1D: rather than a primary inflammatory
ovarian disease, it represents an ovarian manifesta-
tion of systemic metabolic inflammation.

IMMUNOMETABOLIC CONVERGENCE

The concept of immunometabolic convergence
proposes a bidirectional interaction between inflam-
mation and energy metabolism. Although T1D is
primarily an autoimmune disease, it generates
metabolic disturbances that feed back into inflam-
mation through oxidative stress, reactive oxygen
species, and activation of Nuclear Factor kappa B (kB)
signaling.**

In PMOS, androgen excess promotes central lipo-
lysis and the release of free fatty acids, which acti-
vate Toll-like receptor in macrophages, inducing
IL-6 and TNF-a production. In women with T1D, this
process is further potentiated by hyperinsulinemia
and adipocyte dysfunction, resulting in a hybrid
inflammatory microenvironment in which autoim-
mune and metabolic inflammatory mechanisms
converge.

In the Mexican population, this model is accentuated
by genetic predisposition to visceral adiposity and
subclinical inflammatory states.®?* Consequently,
PMOS associated with T1D can be understood as
an immunometabolic phenotype, representing the
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expression of a functional axis involving three key
organs: the autoimmune pancreas, the inflamed
adipocyte, and the hyperresponsive ovary.

METABOLIC AND CARDIOVASCULAR
IMPLICATIONS

Metabolic risk in women with both PMOS and T1D
is greater than that associated with either condition
alone.

In the Mexican cohort, women with PMOS-T1D requi-
red higher insulin doses (1.04 + 0.33 IU/kg/day vs.
0.71£0.29 1U/kg/day; p = 0.003) and exhibited lower
eGDR (7.1 + 2.3 vs. 9.3 = 2.8 mg/kg/min), indicating
functional insulin resistance.' This phenomenon
does not reflect intrinsic defects in insulin receptor
signaling, but rather peripheral saturation induced by
intensive insulin therapy and metabolic inflammation.

IL-6 and TNF-a play critical roles in endothelial
dysfunction. At the vascular level, both mediators
reduce nitric oxide bioavailability, increase the expres-
sion of adhesion molecules (intercellular adhesion
molecule 1, vascular cell adhesion molecule-1), and
facilitate monocyte infiltration into the endothe-
lium.3233 These processes contribute to arterial stiff-
ness and early atherogenesis, which has already been
described in young women with T1D.

In Mexico, where cardiovascular disease remains the
leading cause of mortality among women, this immu-
nometabolic profile acquires clinical relevance. The
PMOS-T1D phenotype may be considered an early
proatherogenic state driven by hyperinsulinemia, adipose
tissue inflammation, and endothelial dysfunction.

Moreover, the increase in IL-6 observed in overweight
Mexican women suggests that weight management
may exert anti-inflammatory and vasoprotective
effects, potentially exceeding those achieved by isola-
ted pharmacological interventions.

Overall, the coexistence of PMOS and T1D amplifies
cardiometabolic risk through mechanisms that are
predominantly metabolic rather than hormonal, redi-
recting preventive strategies toward systemic inflamma-
tory modulation and optimization of body composition.

REPRODUCTIVE AND HORMONAL
CONSEQUENCES

PMOS associated with T1D exhibits an atypical clinical
profile compared with classic PMOS. In the Mexican
cohort, the most frequent features were polycystic
ovarian morphology (58.5%) and hirsutism (41.5%),
whereas biochemical hyperandrogenism was less
prevalent (19.5%).'3

This pattern suggests that ovarian dysfunction is driven
more by hyperinsulinemia and reduced SHBG levels than
by intrinsicandrogen overproduction. In other words, the
ovary displays an exaggerated response to a metabolica-
Ily altered environment without necessarily developing
an independent pathological steroidogenic process.

Clinically, patients may present with mild menstrual
irregularities, oligo-ovulation, or intermittent anovu-
latory cycles; however, most retain partial ovulatory
function and reproductive potential, particularly
when glycemic control is adequate.

Previous studies in adolescents with T1D have shown that
menstrual irregularities may affect up to 60% of cases
but tend to improve following treatment optimization
and metabolic stabilization.'%4>46 Therefore, PMOS in this
context should not be regarded as a structural infertility
disorder, but rather as a potentially reversible dysfunction
modulated by the immunometabolic environment.

In Mexican endocrinology practice, this approach has rele-
vantimplications: screening for PMOS in women withT1D
should focus on clinical assessment of hyperandrogenism
and ovarian morphology rather than on serum androgen
levels, which are frequently within normal ranges.

THERAPEUTIC IMPLICATIONS

Management of PMOS in women with T1D requires a
comprehensive strategy oriented toward three main
objectives:

1) Preservation of ovarian function and menstrual
cyclicity

2) Optimization of metabolic control and insulin
exposure

3) Prevention of cardiovascular complications
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Glycemic control and reduction
of hyperinsulinemia

The proper use of insulin therapy is essential. The
use of long-acting basal insulin analogues (glargine,
degludec) with an adequate use of prandial insulins
or continuous subcutaneous insulin infusion systems
reduces peripheral insulin peaks and, consequently,
the gonadotropic stimulus on the ovary.'o"

In cases of overweight or relative insulin resistance,
metformin has shown consistent benefits, including
improved peripheral insulin sensitivity, reduced daily
insulin requirements, normalization of menstrual
cycles, and reduction of the free androgen index.”?3
Although its use in T1D is off-label, its safety profile is
well documented in young women with stable glyce-
mic control.

Adiposity and lifestyle intervention

Reduction of central adipose tissue has a directimpact
on circulating IL-6 and TNF-a. levels. Structured aero-
bic exercise programs (= 150 min/week) combined
with a hypocaloric anti-inflammatory diet (rich in
monounsaturated fatty acids and omega-3 fatty acids)
have been shown to decrease inflammatory markers
and improve menstrual regularity.*47

In Mexican women, dietary intervention is particularly
relevant given the high intake of simple carbohydra-
tes and saturated fats. Nutrition education programs
forT1D could incorporate specific components targe-
ting ovarian and hormonal health.

Management of clinical hyperandrogenism

Treatment of hirsutism and acne may include combi-
ned oral contraceptives containing non-androgenic
progestins (drospirenone, cyproterone) and, in selec-
ted cases, spironolactone or topical antiandrogens.
However, in women with T1D, combinations that
increase thrombotic or adverse lipid risk should be
avoided.84°

Therapeutic decisions should be individualized, priori-
tizing metabolic stability and avoiding polypharmacy.
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Cardiovascular prevention

The PMOS-T1D phenotype is associated with subcli-
nical endothelial dysfunction. Therefore, periodic
assessment of lipid profile, blood pressure, high-
sensitivity CRP, and eGDR is recommended.

Supplementation with vitamin D, inositol, or omega-3
fatty acids may exert modest anti-inflammatory
effects and improve insulin sensitivity; however,
evidence in T1D remains limited.*>4

RESEARCH PERSPECTIVES

Recognition of PMOS as a metabolically modula-
ted entity in Mexican women with T1D opens new
avenues for scientific investigation.

MICRORNAS AND EXOSOMES

Emerging evidence suggests that extracellular vesi-
cles and their microRNA cargo may participate in
ovarian intercellular communication and in the patho-
physiology of PMOS. Differential miRNA profiles have
been described in granulosa cells, follicular fluid, and
extracellular vesicles from women with PMOS, invol-
ving pathways related to cytokine signaling, insulin
sensitivity, oxidative stress, and follicular dysfunction.
In particular, miR-21 and miR-93 have been linked to
hyperandrogenic PMOS phenotypes, whereas miR-
146a and other insulin-sensitivity-related miRNAs
have been associated with inflammatory and meta-
bolic markers in the ovarian microenvironment.>%-3

CYTOKINES AS PROGNOSTIC
BIOMARKERS

The finding of elevated IL-6 and TNF-a levels in
women with obesity and T1D suggests that quanti-
fication of these cytokines could be used to stratify
metabolic risk. In Mexican populations, integration of
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these biomarkers with clinical indices, such as eGDR
and BMI could allow the development of predictive
models adapted to the local context.

PERSONALIZED ANTI-INFLAMMATORY
INTERVENTION

The development of therapies targeting specific cytoki-
nes, such as IL-1f antagonists (anakinra) or TNF-ot inhi-
bitors, is currently at an experimental stage. Although
their use in PMOS is not routine, they could be evalua-
ted as a potential therapeutic strategy for women with
T1D and persistent inflammatory phenotypes.

CONCLUSION

PMOS associated with T1D should be considered an
emerging immunometabolic entity rather than a
simple diagnostic coincidence. In Mexican women,
this syndrome reflects the interaction between exoge-
nous hyperinsulinemia, adipose tissue-dependent
inflammation, and ovarian susceptibility.

National exploratory evidence suggest that IL-6 and
TNF-o. levels are closely related to obesity and meta-
bolic syndrome, rather than to the presence of PMOS
per se. Thus, systemic inflammation constitutes the
context in which the ovary manifests a secondary
hyperandrogenic phenotype.

From a clinical perspective, management of PMOS-
T1D should prioritize metabolic modulation targe-
ting body weight, insulin sensitivity, and lifestyle-over
isolated hormonal treatment. Early detection of
ovarian dysfunction and integration of inflammatory
biomarkers may improve the prevention of reproduc-
tive and cardiovascular complications.
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