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INTRODUCTION

Yanette Sudrez-Quintero.2

Abstract

Introduction: Metabolic dysfunction-associated fatty liver disease (MAFLD) is a mul-
tisystem condition with a spectrum that begins with simple steatosis, followed by nonalco-
holic steatohepatitis, and may progress to fibrosis. Its prevalence among women with
polycystic ovary syndrome (PCOS) ranges from 34% to 70%, a relationship explained
pathophysiologically by insulin resistance, obesity, hyperandrogenism, and other contri-
buting factors. Currently, there is no approved treatment for either condition; therefore,
management should focus on lifestyle modifications, including proper nutrition, weight
loss, and physical activity—either as stand-alone strategies or in combination with phar-
macological therapy. Materials and methods: This article reviews current evidence on
the association between fatty liver disease and PCOS. Aliterature search was conducted
using DeCS and MeSH terms in both Spanish and English, including studies published
from 2014 to date. Conclusion: It is recommended that all women with PCOS undergo
liver function testing and imaging studies (such as ultrasound and elastography) for the
diagnosis of MAFLD.

Keywords
Nonalcoholic fatty liver disease, polycystic ovary syndrome, insulin resistance, obesity,
hyperandrogenism.

A new terminology has been proposed for these con-

ditions: metabolic dysfunction-associated steatotic liver

Nonalcoholic fatty liver disease (NAFLD) is a multisystem
disorder encompassing various hepatic manifestations,
including simple steatosis, nonalcoholic steatohepatitis
(NASH), and progressive fibrosis. Its prevalence is rising
and is characterized by hepatic steatosis affecting more
than 5% of hepatocytes in the absence of other causes,
such as excessive alcohol consumption, and may progress
to cirrhosis(". Diagnosis is confirmed through histology or
imaging studies'”). NAFLD has been associated with obe-
sity, insulin resistance, type 2 diabetes mellitus (T2DM),
hypertension, and dyslipidemia®.
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disease (MASLD) instead of NAFLD, and metabolic
dysfunction-associated steatohepatitis (MASH) instead of
NASH. This updated nomenclature includes hepatic stea-
tosis in the presence of at least one of five cardiometabolic
criteria, such as overweight, hyperglycemia, hypertension,
and dyslipidemia®. The diagnostic criteria for NAFLD/
NASH remain valid for MASLD/MASH, particularly
since studies show that up to 98% of NAFLD patients meet
MASLD criteria®. This review uses the term MASLD
instead of NAFLD and MASH for conditions related to
NASH.

© 2025 Asociacion Colombiana de Gastroenterologia


https://doi.org/10.22516/25007440.1238
https://doi.org/10.22516/25007440.1238
https://orcid.org/0000-0003-4955-0700
https://orcid.org/0000-0002-3841-1484

Polycystic ovary syndrome (PCOS) is one of the most
common endocrinopathies in reproductive-age women
and the leading cause of oligoovulatory infertility. It is cha-
racterized by hyperandrogenemia, anovulation, elevated
luteinizing hormone (LH) levels, and polycystic ovarian
morphology on imaging®. Its prevalence varies depending
on diagnostic criteria: 6%-10% using classic definitions®,
while the Rotterdam criteria identify 18%-20% of cases.
The latter offers greater sensitivity and clinical utility by
capturing a broader range of phenotypes beyond hyperan-
drogenism alone”.

Multiple studies report a higher prevalence of NAFLD in
women with PCOS (34%-70%) compared to the general
population (14%-34%)®). Both conditions share common
risk factors, including elevated serum androgens, obe-
sity, and insulin resistance®. The liver-ovary axis theory
suggests PCOS is an independent risk factor for NAFLD
development and vice versa'¥ (Figure 1).

METHODOLOGY

A narrative review was conducted, beginning with a lite-
rature search using the following DeCS (Health Sciences
Descriptors) and MeSH (Medical Subject Headings)
terms, as well as keywords in the search strategy: nonalco-
holic fatty liver disease (NAFLD), polycystic ovary syn-
drome, insulin resistance, obesity, hyperandrogenism.

The search was limited to human studies published in
Spanish and English from 2014 to the present. Animal stu-
dies and pediatric populations were excluded. Electronic
databases including PubMed/Medline, Scopus, Embase,
SciELO, and Science Direct were consulted. Additionally,
manual searches were performed in gray literature databa-
ses and Google Scholar. All studies included in the review
were thoroughly analyzed for scientific quality, considering
their design and methodology. Ultimately, 21 articles were
selected to complete the information presented in this text.

INSULIN RESISTANCE

Multiple studies have demonstrated an association between
insulin resistance and fatty liver in women with PCOS".
Excess lipids lead to insulin resistance, which can result in
cardiometabolic complications such as diabetes mellitus,
cardiovascular disease, and fatty liver®. Similarly, increased
insulin resistance has been observed in women with PCOS
and hepatic steatosis('?.

Several associated mechanisms have been proposed.
First, insulin resistance causes adipocyte dysfunction, dis-
rupting lipolysis, increasing free fatty acids, reducing adipo-
nectin secretion, and promoting the release of proinflam-
matory cytokines. These effects lead to lipid overload and
accumulation in the liver, exacerbating hepatic steatosis
and insulin resistance¥. Decreased leptin and adiponec-
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Figure 1. Pathophysiology of Fatty Liver and Polycystic Ovary Syndrome (PCOS). Image property of the authors.
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tin levels are also associated with impaired insulin sensiti-
vity'"¥. Second, insulin resistance exerts both direct and
indirect effects on the pituitary gland®), stimulating andro-
gen production, which reduces insulin clearance and leads
to hyperinsulinemia'®. Finally, MASLD and PCOS trigger
a systemic inflammatory response involving nuclear factor
kappa beta (NF-xB) activation and elevated proinflamma-
tory cytokines. This activates stress-related protein kinases
and induces phosphorylation of insulin receptor substrate
1 (IRS-1), impairing insulin signaling!'”. Proinflammatory
cytokines and oxidative stress further inhibit signaling
through IRS-1 and IRS-2(1%),

When measuring insulin resistance, significantly higher
values have been found in women with PCOS and hepatic
steatosis compared to those with PCOS alone (HOMA-IR
=4.66+2.78 vs.2.26 + 1.45; p < 0.001)"?). A Chinese study
found that NAFLD was significantly more prevalent in
women with PCOS, and insulin resistance was also markedly
more frequent. Karoli et al. identified that women with
PCOS had a higher prevalence of hepatic steatosis (67% vs.
25%; p=0.001) and elevated transaminases (31% vs. 7%; p =
0.03), along with increased insulin resistance indices!*).

OBESITY

Obesity is a well-established risk factor for both hepatic
steatosis and PCOS. Studies report that 50% of NAFLD
patients and 80% of MASH patients are overweight or
obese®. Among PCOS patients specifically, approximately
50% present with overweight or obesity®". Furthermore,
excess weight has been linked to various cardiovascular risk
factors shared by MASLD and PCOS patients®?.

Increased adipose tissue leads to elevated secretion of
adipokines and cytokines—including leptin, adiponectin,
tumor necrosis factor-alpha (TNF-a), interleukin-1 beta
(IL-1B), and interleukin-6 (IL-6)—resulting in higher
circulating free fatty acids and leptin levels alongside redu-
ced adiponectin. These changes promote insulin resistance
and androgen production. Additionally, elevated follicular
fluid insulin levels are observed, along with decreased sex
hormone-binding globulin (SHBG), glucose transporter 4
(GLUT-4), and IRS-2 in granulosa and cumulus cells, exa-
cerbating insulin resistance and fat accumulation. Ultimately,
increased androgens and insulin resistance drive abdominal
fat deposition, creating a self-perpetuating cycle®.

A 2019 study found that abdominal obesity—defined
as waist circumference >80 cm and BMI >25.0 kg/m>—
predicted fatty liver in PCOS patients versus healthy con-
trols (p <0.001 for both parameters)®¥. Similar findings
emerged in Petta et al’s study, where PCOS patients had
higher BMI (25.7 £ 2.9 vs.23.9 £ 3.0 kg/m?, p <0.001) and
greater abdominal obesity prevalence (48.2% vs. 34.6%, p
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= 0.01) than controls. Steatosis independently correlated
with waist circumference (OR: 1.04; 95% CI: 1.01-1.08;
p=0.006)2.

HYPERANDROGENISM

SHBG is a sex steroid transporter with high affinity for
testosterone in circulating plasma, regulating its bioavaila-
bility in target tissues®®. PCOS patients characteristically
demonstrate low SHBG levels—a hallmark feature asso-
ciated with clinical manifestations of hyperandrogenism
including hirsutism, alopecia, and acne®”. Moreover,
PCOS patients with reduced SHBG levels show increased
risk of developing NAFLD %),

Cellular studies demonstrate that decreased SHBG is
associated with lower messenger RNA (mRNA) and pro-
tein levels of IRS-1, IRS-2, and PI3K, suggesting SHBG
may be involved in insulin signaling pathways and insu-
lin resistance®. Insulin resistance affects ovarian theca
cells by increasing androgen production while decreasing
hepatic SHBG synthesis, thereby elevating levels of free or
biologically active testosterone®®”. Thus, reduced SHBG,
hyperandrogenism, and insulin resistance form a vicious
cycle that contributes to the increased prevalence and seve-
rity of both fatty liver disease and PCOS".

In Hong et al’s study of 667 women diagnosed with PCOS
and 289 controls with regular menstrual cycles, women with
PCOS were 2.46 times more likely to have NAFLD (95%
CI: 5.12-26.96). Total testosterone, free testosterone, and
free androgen index showed the strongest correlation with
this increased likelihood®". Another study in women with
PCOS found that androgenicity, represented by free testos-
terone or free androgen index, was associated with nonalco-
holic fatty liver disease (p <0.001) after adjusting for age,
BML, lipid profile, insulin resistance, and glycemic status®?.

OTHER FACTORS

Environmental factors have been linked to metabolic dys-
function, PCOS, and MASLD. A sedentary lifestyle and
poor dietary habits can lead to overweight, obesity, and
insulin resistance, resulting in cardiometabolic and repro-
ductive disturbances"”). Evidence suggests that diets high
in sugar, particularly those rich in sucrose or high-fructose
corn syrup, increase the risk of developing NAFLD and
MASH®,

Elevated thyroid-stimulating hormone (TSH) levels
correlate with obesity, dyslipidemia, insulin resistance,
fatty liver disease, and higher plasma total cholesterol con-
centrations®. Hypothyroidism frequently occurs in both
MASLD patients and women with PCOS. Furthermore,
elevated TSH levels may impair oocyte maturation and fer-
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tilization in women with PCOS undergoing in vitro fertili-
zation®%, and have been associated with increased all-cause
and cardiovascular mortality in MASLD patients®®).

At the genetic level, mutations have been identi-
fied in the endocannabinoid receptor 1 gene (CNRI1),
patatin-like phospholipase domain-containing protein 3
(PNPLA3), and the fat mass and obesity-associated gene
(FTO). Endocannabinoid system activity, influenced by
the CNRI1 gene, is significantly higher in overweight and
obese patients with PCOS and metabolic dysfunction®”.
The CNRI 512720071 variant has been associated with
a threefold increased risk of PCOS (OR: 3.01), while
the CNRI rs806368 variant correlates with an eightfold
higher PCOS risk (OR: 8.81). Additionally, the CNRI
rs12720071 variant has also been linked to a 3.6-fold
increased risk of hyperandrogenism®. CNRI activation
induces abdominal obesity, dyslipidemia, and insulin resis-
tance in MASLD patients, whereas its blockade reduces
transaminase levels and hepatic inflammation markers in
women with PCOS®?.

DIAGNOSIS

PCOS should be suspected in women with irregular mens-
truation, acne, alopecia, and hirsutism®. Diagnosis is
confirmed using Rotterdam criteria, requiring at least two
of the following three criteria: oligo-anovulation, hyperan-
drogenism (clinical or biochemical), and polycystic ova-
rian morphology on ultrasound“V.

Hyperandrogenism is confirmed through the presence of
hirsutism and biochemical assessment of circulating andro-
gen levels, including free and total testosterone, as well as
dehydroepiandrosterone sulfate. Ovulatory dysfunction is
suspected in cases of polymenorrhea or oligomenorrhea
and confirmed by measuring progesterone levels on days
22-24 of the menstrual cycle. Additionally, anti-Miillerian
hormone (AMH) may be measured to assess increased
antral follicle count. Transvaginal ultrasound helps identify
polycystic ovarian morphology®?. Following diagnosis
confirmation, an oral glucose tolerance test and serum glu-
cose measurements are recommended to evaluate insulin
resistance*?. Liver enzyme tests should also be performed
to detect NAFLD-related abnormalities(®.

NAFLD diagnosis is based on histological, imaging, or
serological evidence of hepatic steatosis, along with at least
one of the following criteria: overweight/obesity, presence
of type 2 diabetes, or at least two metabolic risk abnorma-
lities™¥. Diagnostic evaluation includes liver function tests
and hepatic imaging studies(*).

Liver biopsy remains the gold standard for NAFLD
diagnosis and staging. However, due to its invasive nature,
associated morbidity, and sampling error risk, noninva-

sive methods are preferred“®). Ultrasound is the first-line
imaging modality, though its sensitivity is limited (appro-
ximately 80% in cases with >30% fat infiltration) and per-
formance decreases in subjects with BMI >40 or patients
with mild steatosis (65% sensitivity)*”). Transient elasto-
graphy provides noninvasive measurement of liver stiffness
and has been used to identify fibrosis. Similarly, magnetic
resonance elastography is useful for assessing both hepatic
steatosis and fibrosis*®).

We recommend the following algorithm for evaluating
PCOS patients with suspected fatty liver disease (Figure 2).

MANAGEMENT STRATEGIES

The primary recommendations for managing PCOS
and metabolic dysfunction-associated steatotic liver
disease (MASLD) include lifestyle modifications, dietary
adjustments, weight loss, and exercise—either alone or in
combination with pharmacotherapy**).

For women with PCOS, a 5%-10% weight loss over six
months—particularly targeting abdominal fat—has been
shown to: improve insulin sensitivity, restore ovulation,
reduce testosterone levels, enhance conception rates, and
lower miscarriage risk®".

In NAFLD patients, a 3%-5% body weight loss correla-
tes with improved hepatic steatosis, though a 10% reduc-
tion may be needed to ameliorate necroinflammation and
fibrosis in some cases®"). Notably, 90% of patients losing
>10% of their weight achieved resolution of steatohepatitis,
while 45% showed fibrosis regression ().

The Mediterranean diet—characterized by reduced carbo-
hydrate intake (especially sugars and refined carbs) and high
monounsaturated fatty acid consumption—has demonstra-
ted efficacy in reducing steatosis in fatty liver patients, even
without significant weight loss®>. However, evidence for
dietary superiority in PCOS remains limited, with caloric
restriction being the only universal recommendation**"

Currently, no drugs are specifically approved for MASLD.
Available pharmacologic options for PCOS aim to: reduce
hepatic fat accumulation, improve insulin resistance, miti-
gate liver injury, and regulate ovulation and menstruation*.

Pharmacological Therapy

+  Metformin: This biguanide improves insulin sensitivity
and helps control blood glucose by inhibiting gluco-
neogenesis. It activates AMP-activated protein kinase
(AMPK) through a lysosomal pathway, suppresses
gluconeogenic gene expression, and stimulates gluca-
gon-like peptide-1 (GLP-1) release, thereby enhancing
insulin secretion and GLUT-4 translocation in skeletal
muscle®*5%). While it has not proven effective for hepa-
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Diagnostic Algorithm
for Fatty Liver in
Women with PCOS

Suspected PCOS
(women with irregular
menstruation, acne,
alopecia, hirsutism)

- Oligoovulation (confirmed by progesterone levels
on days 22-24)

- Androgen excess (hirsutism and elevated free/
total testosterone and DHEA-S levels)

- Polycystic ovarian morphology on ultrasound

Confirmation of
PCOS diagnosis
(Rotterdam criteria:
meet 2 of the
following 3):

- Oral glucose tolerance test

- Serum glucose and insulin resistance
assessment

- Liver enzymes (ALT, AST)

Metabolic evaluation
in PCOS patients:

- Elevated liver enzymes

- Presence of metabolic factors
(overweight/obesity, type 2 diabetes, =2
metabolic abnormalities)

Suspected fatty liver
(MAFLD) if:

- Liver ultrasound (first-line imaging)

- Transient or magnetic resonance elastography
(if indicated)

- Liver biopsy (only in select cases with uncertain
diagnosis or suspected advanced disease)

Confirmation of
MAFLD via:

Figure 2. Diagnostic algorithm for nonalcoholic fatty liver disease in women with polycystic ovary syndrome. ALT: alanine aminotransferase;
AST: aspartate aminotransferase; DHEA-S: dehydroepiandrosterone sulfate; MAFLD: metabolic dysfunction-associated fatty liver disease; PCOS:
polycystic ovary syndrome. Image property of the authors.

tic steatosis—showing no superiority in histological or
biochemical parameters for NAFLD patients**—it has
demonstrated benefits in women with PCOS, including
improved menstrual and ovulatory function, as well as
potential advantages for insulin resistance and glucose
control. Its use may be considered for women with
metabolic abnormalities or those who fail to achieve
therapeutic goals through lifestyle changes alone*”.

GLP-1 Receptor Agonists: These agents may benefit both
MASLD and PCOS, particularly in patients with insu-
lin resistance, type 2 diabetes (T2DM), and dyslipide-
mia. They improve glycemic control, stimulate insulin
secretion, protect pancreatic B-cells, and promote
weight loss®”). In MASH, they reduce steatosis, alle-
viate inflammation, and slow fibrosis progression®*).
Liraglutida has been associated with reduced liver

enzyme levels®”, while semaglutida has shown decrea-
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ses in alanine aminotransferase (ALT) and inflamma-
tory markers®. For PCOS, these drugs may aid in
weight and testosterone reduction”. One liraglutide
study reported a 39% decrease in hepatic fat content
and 5.6% body weight loss in PCOS patients after 26
weeks of treatment(®?).

SGLT2 Inhibitors: By inhibiting renal glucose reabsorp-
tion in the proximal tubule, these drugs lower serum
glucose and promote urinary excretion of glucose and
sodium. They also contribute to weight loss, improve
diet-induced hepatic steatosis, and prevent MASH pro-
gression while reducing cardiovascular risk and impro-
ving blood pressure®®. Though not specifically indica-
ted for PCOS or MASLD, they show promise for these
conditions. In a clinical trial with empagliflozin, signifi-
cant reductions in anthropometric parameters (waist/
hip circumference, BMI, lean mass) were observed in
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women with PCOS, though hormonal and metabolic
variables remained unchanged®. Caution is warranted
for adverse effects, including urinary tract infection risk
and euglycemic ketoacidosis in diabetic patients®.

« Vitamin E: As an antioxidant, it may reduce inflam-
mation and oxidative stress. While it has been shown
to decrease steatosis, it lacks significant effects on liver
fibrosis*®). Its use may be considered for MASH in non-
diabetic patients, but evidence is insufficient for T2DM
or advanced fibrosis cases. The stroke risk associated
with long-term use should be evaluated .

« Hormonal Therapy for PCOS: Combined oral con-
traceptives are recommended to regulate menstrual
cycles, reduce hirsutism, and improve acne®”. For
contraindicated or intolerant patients, antiandrogens
may be used*”). Aromatase inhibitors (e.g., letrozole,
clomiphene) are first-line for ovulation induction(®.
Infertility treatment-resistant cases may warrant lapa-
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roscopic ovarian surgery as second-line therapy, with in
vitro fertilization as a last option(®*7?)

CONCLUSIONS

A clear association exists between metabolic dys-
function-associated steatotic liver disease (MASLD) and
PCOS. We therefore recommend that all women with
PCOS undergo liver dysfunction screening via transami-
nase measurement and imaging—ultrasound as first-line,
with elastography if fibrosis is suspected—for MASLD
diagnosis.

Timely identification and treatment of this association
enable a comprehensive approach centered on weight
reduction, dietary modification, and regular exercise.
Currently, no approved therapy specifically targets both
conditions, underscoring the need for further research to
develop future therapeutic strategies.

1. CusiK, Isaacs S, Barb D, Basu R, Caprio S, Garvey WT,
et al. American Association of Clinical Endocrinology
Clinical Practice Guideline for the Diagnosis and
Management of Nonalcoholic Fatty Liver Disease in
Primary Care and Endocrinology Clinical Settings:
Co-Sponsored by the American Association for the
Study of Liver Diseases (AASLD). Endocr Pract.
2022;28(5):528-562.
https://doi.org/10.1016/j.eprac.2022.03.010

2. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L,
Wymer M. Global epidemiology of nonalcoholic fatty liver
disease-Meta-analytic assessment of prevalence, incidence,
and outcomes. Hepatology. 2016;64(1):73-84.
https://doi.org/10.1002/hep.28431

3. Sadeghi HM, Adeli I, Calina D, Docea AO, Mousavi
T, Daniali M, et al. Polycystic Ovary Syndrome: A
Comprehensive Review of Pathogenesis, Management, and
Drug Repurposing. Int ] Mol Sci. 2022;23(2):583.
https://doi.org/10.3390/ijms23020583

4. Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal A]J,
Kanwal F, et al. A multisociety Delphi consensus statement
on new fatty liver disease nomenclature. Hepatology.
2023;78(6):1966-1986.
https://doi.org/10.1097 /HEP.0000000000000520

S. Hagstrom H, Vessby J, Ekstedt M, Shang Y. 99% of patients
with NAFLD meet MASLD criteria and natural history
is therefore identical. ] Hepatol. 2024;80(2):e76-e77.
https://doi.org/10.1016/j.jhep.2023.08.026

6. AzzizR, Carmina E, Chen Z, Dunaif A, Laven JS, Legro
RS, et al. Polycystic ovary syndrome. Nat Rev Dis Primers.
2016;2:16057.
https://doi.org/10.1038/nrdp.2016.57

7. McCartney CR, Marshall JC. Clinical Practice. Polycystic
Ovary Syndrome. N Engl ] Med. 2016;375(1):54-64.
https://doi.org/10.1056/NEJMcp1514916

8. Cerda C, Pérez-Ayuso RM, Riquelme A, Soza A, Villaseca
P, Sir-Petermann T, et al. Nonalcoholic fatty liver disease
in women with polycystic ovary syndrome. ] Hepatol.
2007;47(3):412-7.
https://doi.org/10.1016/j.jhep.2007.04.012

9. Rocha ALL, Faria LC, Guimaries TCM, Moreira GV,
Candido AL, Couto CA, et al. Non-alcoholic fatty liver
disease in women with polycystic ovary syndrome: sys-
tematic review and meta-analysis. ] Endocrinol Invest.
2017;40(12):1279-1288.
https://doi.org/10.1007/s40618-017-0708-9

10. Xu Q, Zhang J, Lu'Y, Wu L. Association of metabolic-dys-
function associated steatotic liver disease with polycystic
ovary syndrome. iScience. 2024;27(2):108783.
https://doi.org/10.1016/j.is¢i.2024.108783

11. Falzarano C, Lofton T, Osei-Ntansah A, Oliver T, Southward
T, Stewart S, et al. Nonalcoholic Fatty Liver Disease in
Women and Girls With Polycystic Ovary Syndrome. J Clin
Endocrinol Metab. 2022;107(1):258-272.
https://doi.org/10.1210/clinem/dgab658

12. Vassilatou E, Lafoyianni S, Vryonidou A, Ioannidis D,
Kosma L, Katsoulis K, et al. Increased androgen bioavai-
lability is associated with non-alcoholic fatty liver disease
in women with polycystic ovary syndrome. Hum Reprod.
2010;25(1):212-20.
https://doi.org/10.1093 /humrep/dep380

13. Petersen MC, Madiraju AK, Gassaway BM, Marcel M,
Nasiri AR, Butrico G, et al. Insulin receptor Thr1160
phosphorylation mediates lipid-induced hepatic insulin

Association Between Polycystic Ovary Syndrome and Fatty Liver Disease in Women: A Literature Review 191



14.

1S.

16.

17.

18.

19.

20.

21.

22.

23.

24.

192

resistance. J Clin Invest. 2016;126(11):4361-4371.
https://doi.org/10.1172/JCI86013

Khan RS, Bril F, Cusi K, Newsome PN. Modulation of
Insulin Resistance in Nonalcoholic Fatty Liver Disease.
Hepatology. 2019;70(2):711-724.
https://doi.org/10.1002/hep.30429

Apridonidze T, Essah PA, Iuorno MJ, Nestler JE.
Prevalence and characteristics of the metabolic syn-
drome in women with polycystic ovary syndrome. J Clin
Endocrinol Metab. 2005;90(4):1929-35.
https://doi.org/10.1210/jc.2004-1045

Moghetti P, Tosi F. Insulin resistance and PCOS: chicken
or egg? J Endocrinol Invest. 2021;44(2):233-244.
https://doi.org/10.1007/s40618-020-01351-0

Corbould A, Kim YB, Youngren JF, Pender C, Kahn BB,
Lee A, et al. Insulin resistance in the skeletal muscle of
women with PCOS involves intrinsic and acquired defects
in insulin signaling. Am ] Physiol Endocrinol Metab.
2005;288(5):E1047-54.
https://doi.org/10.1152/ajpendo.00361.2004

QuZ, Zhu, Jiang J, Shi Y, Chen Z. The clinical charac-
teristics and etiological study of nonalcoholic fatty liver
disease in Chinese women with PCOS. Iran ] Reprod Med.
2013;11(9):725-32.

Karoli R, Fatima J, Chandra A, Gupta U, Islam FU, Singh
G. Prevalence of hepatic steatosis in women with polycystic
ovary syndrome. ] Hum Reprod Sci. 2013;6(1):9-14.
https://doi.org/10.4103/0974-1208.112370

Makri E, Goulas A, Polyzos SA. Epidemiology,
Pathogenesis, Diagnosis and Emerging Treatment

of Nonalcoholic Fatty Liver Disease. Arch Med Res.
2021;52(1):25-37.
https://doi.org/10.1016/j.arcmed.2020.11.010

Lim SS, Davies MJ, Norman RJ, Moran L]. Overweight,
obesity and central obesity in women with polycystic ovary
syndrome: a systematic review and meta-analysis. Hum
Reprod Update. 2012;18(6):618-37.

https://doi.org/10.1093 /humupd/dms030

Rodriguez Paris V, Solon-Biet SM, Senior AM, Edwards
MC, Desai R, Tedla N, et al. Defining the impact of dietary
macronutrient balance on PCOS traits. Nat Commun.
2020;11(1):5262.
https://doi.org/10.1038/s41467-020-19003-5

Robker RL, Akison LK, Bennett BD, Thrupp PN, Chura
LR, Russell DL, et al. Obese women exhibit differences

in ovarian metabolites, hormones, and gene expression
compared with moderate-weight women. J Clin Endocrinol
Metab. 2009;94(5):1533-40.
https://doi.org/10.1210/jc.2008-2648

Tantanavipas S, Vallibhakara O, Sobhonslidsuk A,
Phongkitkarun S, Vallibhakara SA, Promson K, et al.
Abdominal Obesity as a Predictive Factor of Nonalcoholic
Fatty Liver Disease Assessed by Ultrasonography and
Transient Elastography in Polycystic Ovary Syndrome and
Healthy Women. Biomed Res Int. 2019;2019:9047324.
https://doi.org/10.1155/2019/9047324

Revista. colomb. Gastroenterol. 2025;40(2):186-195. https://doi.org/10.22516/25007440.1238

2S.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

Petta S, Ciresi A, Bianco J, Geraci V, Boemi R, Galvano L, et
al. Insulin resistance and hyperandrogenism drive steatosis
and fibrosis risk in young females with PCOS. PLoS One.
2017;12(11):e0186136.
https://doi.org/10.1371/journal.pone.0186136
Rodriguez Paris V, Bertoldo MJ. The Mechanism of
Androgen Actions in PCOS Etiology. Med Sci (Basel).
2019;7(9):89.

https://doi.org/10.3390/medsci7090089

Urbano F, Chiarito M, Lattanzio C, Messa A, Ferrante

M, Francavilla M, et al. Sex Hormone-Binding Globulin
(SHBG) Reduction: The Alarm Bell for the Risk of
Non-Alcoholic Fatty Liver Disease in Adolescents

with Polycystic Ovary Syndrome. Children (Basel).
2022;9(11):1748.
https://doi.org/10.3390/children9111748

Luo J, Chen Q, Shen T, Wang X, Fang W, Wu X, et al.
Association of sex hormone-binding globulin with
nonalcoholic fatty liver disease in Chinese adults. Nutr
Metab (Lond). 2018;15:79.
https://doi.org/10.1186/512986-018-0313-8

Feng C, Jin Z, Chi X, Zhang B, Wang X, Sun L, et al. SHBG
expression is correlated with PI3K/AKT pathway activity
in a cellular model of human insulin resistance. Gynecol
Endocrinol. 2018;34(7):567-573.
https://doi.org/10.1080/09513590.2017.1411474
Malini NA, Roy George K. Evaluation of different ranges
of LH:FSH ratios in polycystic ovarian syndrome (PCOS)
- Clinical based case control study. Gen Comp Endocrinol.
2018;260:51-57.
https://doi.org/10.1016/jygcen.2017.12.007

Hong SH, Sung YA, Hong YS, Song DK, Jung H, Jeong K,
et al. Non-alcoholic fatty liver disease is associated with
hyperandrogenism in women with polycystic ovary syn-
drome. Sci Rep. 2023;13(1):13397.
https://doi.org/10.1038/s41598-023-39428-4

Kim JJ, Kim D, Yim JY, Kang JH, Han KH, Kim SM, et al.
Polycystic ovary syndrome with hyperandrogenism as a
risk factor for non-obese non-alcoholic fatty liver disease.
Aliment Pharmacol Ther. 2017;45(11):1403-1412.
https://doi.org/10.1111/apt.14058

Jensen T, Abdelmalek MF, Sullivan S, Nadeau KJ,

Green M, Roncal C, et al. Fructose and sugar: A major
mediator of non-alcoholic fatty liver disease. ] Hepatol.
2018;68(5):1063-1075.
https://doi.org/10.1016/j.jhep.2018.01.019

Singla R, Gupta Y, Khemani M, Aggarwal S. Thyroid disor-
ders and polycystic ovary syndrome: An emerging relation-
ship. Indian J Endocrinol Metab. 2015;19(1):25-9.
https://doi.org/10.4103/2230-8210.146860

Gao H, Lu X, Huang H, Ji H, Zhang L, Su Z. Thyroid-
stimulating hormone level is negatively associated with
tertilization rate in patients with polycystic ovary syndrome
undergoing in vitro fertilization. Int ] Gynaecol Obstet.
2021;155(1):138-145.
https://doi.org/10.1002/ijgo.13581

Review article



36.

37.

38.

39.

40.

41.

42.

43.

4S.

46.

47.

Kim D, Vazquez-Montesino LM, Escober JA, Fernandes
CT, Cholankeril G, Loomba R, et al. Low Thyroid Function
in Nonalcoholic Fatty Liver Disease Is an Independent
Predictor of All-Cause and Cardiovascular Mortality. Am J
Gastroenterol. 2020;115(9):1496-1504.
https://doi.org/10.14309/2jg.0000000000000654
Matias I, Gatta-Cherifi B, Cota D. Obesity and the
Endocannabinoid System: Circulating Endocannabinoids
and Obesity. Current Obesity Reports. 2012;1(4):229-35.
https://doi.org/10.1007/s13679-012-0027-6

Jedrzejuk D, Laczmanski L, Kuliczkowska J, Lenarcik A,
Trzmiel-Bira A, Hirnle L, et al. Selected CNR1 polymor-
phisms and hyperandrogenemia as well as fat mass and fat
distribution in women with polycystic ovary syndrome.
Gynecol Endocrinol. 2015;31(1):36-9.
https://doi.org/10.3109/09513590.2014.946899
Dawson AJ, Kilpatrick ES, Coady AM, Elshewehy AMM,
Dakroury Y, Ahmed L, et al. Endocannabinoid receptor
blockade reduces alanine aminotransferase in polycystic
ovary syndrome independent of weight loss. BMC Endocr
Disord. 2017;17(1):41.
https://doi.org/10.1186/512902-017-0194-2

Hoeger KM, Dokras A, Piltonen T. Update on PCOS:
Consequences, Challenges, and Guiding Treatment. J Clin
Endocrinol Metab. 2021;106(3):e1071-e1083.
https://doi.org/10.1210/ clinem/dgaa839

Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus
Workshop Group. Revised 2003 consensus on diagnostic
criteria and long-term health risks related to polycystic
ovary syndrome. Fertil Steril. 2004;81(1):19-25.
https://doi.org/10.1016/j.fertnstert.2003.10.004

Azziz R. Polycystic Ovary Syndrome. Obstet Gynecol.
2018;132(2):321-336.
https://doi.org/10.1097/A0G.0000000000002698
Chen MJ, Ho HN. Hepatic manifestations of women with
polycystic ovary syndrome. Best Pract Res Clin Obstet
Gynaecol. 2016;37:119-128.
https://doi.org/10.1016/j.bpobgyn.2016.03.003

. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G,

Romero-Gomez M, et al. A new definition for metabolic
dysfunction-associated fatty liver disease: An international
expert consensus statement. ] Hepatol. 2020;73(1):202-209.
https://doi.org/10.1016/j.jhep.2020.03.039

Vassilatou E. Nonalcoholic fatty liver disease and
polycystic ovary syndrome. World J Gastroenterol.
2014;20(26):8351-63.

https://doi.org/10.3748 /wjgv20.i26.8351

Spremovi¢ Radenovi¢ S, Pupovac M, Andji¢ M, Bila J,
Sre¢kovié S, Gudovié A, et al. Prevalence, Risk Factors,
and Pathophysiology of Nonalcoholic Fatty Liver Disease
(NAFLD) in Women with Polycystic Ovary Syndrome
(PCOS). Biomedicines. 2022;10(1):131.
https://doi.org/10.3390/biomedicines10010131
Ferraioli G, Soares Monteiro LB. Ultrasound-based
techniques for the diagnosis of liver steatosis. World J

49.

50.

S1.

S2.

S3.

54.

SS.

S6.

57.

Gastroenterol. 2019;25(40):6053-6062.
https://doi.org/10.3748 /wjgv25.i40.6053

. Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt

EM, Cusi K, et al. The diagnosis and management of
non-alcoholic fatty liver disease: practice Guideline

by the American Association for the Study of Liver
Diseases, American College of Gastroenterology, and the
American Gastroenterological Association. Hepatology.
2012;55(6):2005-23.
https://doi.org/10.1002/hep.25762

Vidal-Cevallos P, Mijangos-Trejo A, Uribe M, Tapia NC.
The Interlink Between Metabolic-Associated Fatty Liver
Disease and Polycystic Ovary Syndrome. Endocrinol
Metab Clin North Am. 2023;52(3):533-545.
https://doi.org/10.1016/j.ec1.2023.01.005

Teede HJ, Misso ML, Costello MF, Dokras A, Laven J,
Moran L, et al. Recommendations from the international
evidence-based guideline for the assessment and mana-
gement of polycystic ovary syndrome. Hum Reprod.
2018;33(9):1602-1618.

https://doi.org/10.1093 /humrep/dey256

European Association for the Study of the Liver (EASL);
European Association for the Study of Diabetes (EASD);
European Association for the Study of Obesity (EASO).
EASL-EASD-EASO Clinical Practice Guidelines for the
Management of Non-Alcoholic Fatty Liver Disease. Obes
Facts. 2016;9(2):65-90.
https://doi.org/10.1159/000443344

Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L,
Torres-Gonzalez A, Gra-Oramas B, Gonzalez-Fabian

L, et al. Weight Loss Through Lifestyle Modification
Significantly Reduces Features of Nonalcoholic
Steatohepatitis. Gastroenterology. 2015;149(2):367-78.¢5.
https://doi.org/10.1053/j.gastro.2015.04.005
Romero-Gémez M, Zelber-Sagi S, Trenell M. Treatment of
NAFLD with diet, physical activity and exercise. ] Hepatol.
2017;67(4):829-846.
https://doi.org/10.1016/jjhep.2017.05.016

Zhang CS,LiM, Ma T, Zong Y, Cui J, Feng JW, et al.
Metformin Activates AMPK through the Lysosomal
Pathway. Cell Metab. 2016;24(4):521-522.
https://doi.org/10.1016/j.cmet.2016.09.003
Kristensen JM, Treebak JT, Schjerling P, Goodyear L,
Wojtaszewski JE. Two weeks of metformin treatment indu-
ces AMPK-dependent enhancement of insulin-stimulated
glucose uptake in mouse soleus muscle. Am J Physiol
Endocrinol Metab. 2014;306(10):E1099-109.
https://doi.org/10.1152/ajpendo0.00417.2013

Rakoski MO, Singal AG, Rogers MA, Conjeevaram H.
Meta-analysis: insulin sensitizers for the treatment of
non-alcoholic steatohepatitis. Aliment Pharmacol Ther.
2010;32(10):1211-21.
https://doi.org/10.1111/j.1365-2036.2010.04467.x
Siamashvili M, Davis SN. Update on the effects of GLP-1
receptor agonists for the treatment of polycystic ovary syn-

Association Between Polycystic Ovary Syndrome and Fatty Liver Disease in Women: A Literature Review 193



S8.

59.

60.

61.

62.

63.

64.

194

drome. Expert Rev Clin Pharmacol. 2021;14(9):1081-1089.
https://doi.org/10.1080/17512433.2021.1933433

Patel Chavez C, Cusi K, Kadiyala S. The Emerging Role

of Glucagon-like Peptide-1 Receptor Agonists for the
Management of NAFLD. J Clin Endocrinol Metab.
2022;107(1):29-38.
https://doi.org/10.1210/clinem/dgab578

Cusi K. Incretin-Based Therapies for the Management of
Nonalcoholic Fatty Liver Disease in Patients With Type 2
Diabetes. Hepatology. 2019;69(6):2318-2322.
https://doi.org/10.1002/hep.30670

Newsome PN, Buchholtz K, Cusi K, Linder M, Okanoue T,
Ratziu V, et al. A Placebo-Controlled Trial of Subcutaneous
Semaglutide in Nonalcoholic Steatohepatitis. N Engl
Med. 2021;384(12):1113-1124.
https://doi.org/10.1056/NEJM0a2028395

Cena H, Chiovato L, Nappi RE. Obesity, Polycystic

Ovary Syndrome, and Infertility: A New Avenue for
GLP-1 Receptor Agonists. ] Clin Endocrinol Metab.
2020;105(8):e2695-709.
https://doi.org/10.1210/clinem/dgaa285

Frossing S, Nylander M, Chabanova E, Frystyk J, Holst

JJ, Kistorp C, et al. Effect of liraglutide on ectopic fat in
polycystic ovary syndrome: A randomized clinical trial.
Diabetes Obes Metab. 2018;20(1):215-218.
https://doi.org/10.1111/dom.13053

Kuchay MS, Krishan S, Mishra SK, Farooqui KJ, Singh
MK, Wasir JS, et al. Effect of Empagliflozin on Liver Fat

in Patients With Type 2 Diabetes and Nonalcoholic Fatty
Liver Disease: A Randomized Controlled Trial (E-LIFT
Trial). Diabetes Care. 2018;41(8):1801-1808.
https://doi.org/10.2337/dc18-0165

Javed Z, Papageorgiou M, Deshmukh H, Rigby AS, Qamar
U, Abbas J, et al. Effects of empagliflozin on metabolic para-

Revista. colomb. Gastroenterol. 2025;40(2):186-195. https://doi.org/10.22516/25007440.1238

6S.

66.

67.

68.

69.

70.

meters in polycystic ovary syndrome: A randomized con-
trolled study. Clin Endocrinol (Oxf). 2019;90(6):805-813.
https://doi.org/10.1111/cen.13968

Yaribeygi H, Maleki M, Butler AE, Jamialahmadi T,
Sahebkar A. New insights into cellular links between
sodium-glucose cotransporter-2 inhibitors and ketogenesis.
J Cell Biochem. 2022;123(12):1879-1890.
https://doi.org/10.1002/jcb.30327

Rotman Y, Sanyal AJ. Current and upcoming pharma-
cotherapy for non-alcoholic fatty liver disease. Gut.
2017;66(1):180-190.
https://doi.org/10.1136/gutjnl-2016-312431

Moran L], Tassone EC, Boyle J, Brennan L, Harrison

CL, Hirschberg AL, et al. Evidence summaries and
recommendations from the international evidence-based
guideline for the assessment and management of poly-
cystic ovary syndrome: Lifestyle management. Obes Rev.
2020;21(10):e13046.
https://doi.org/10.1111/0br.13046

Norman RJ, Dewailly D, Legro RS, Hickey TE. Polycystic
ovary syndrome. Lancet. 2007;370(9588):685-97.
https://doi.org/10.1016/S0140-6736(07)61345-2
Collée J, Mawet M, Tebache L, Nisolle M, Brichant G.
Polycystic ovarian syndrome and infertility: overview and
insights of the putative treatments. Gynecol Endocrinol.
2021;37(10):869-874.
https://doi.org/10.1080/09513590.2021.1958310
Balen AH, Morley LC, Misso M, Franks S, Legro RS,
Wijeyaratne CN, et al. The management of anovulatory
infertility in women with polycystic ovary syndrome:

an analysis of the evidence to support the develop-

ment of global WHO guidance. Hum Reprod Update.
2016;22(6):687-708.

https://doi.org/10.1093 /humupd/dmw025

Review article



