
Mædica  - a Journal of Clinical Medicine

Original paperOriginal paper

708 Maedica
  

A Journal of Clinical Medicine, Volume 20, No. 4, 2025

MAEDICA – a Journal of Clinical Medicine

https://doi.org/10.26574/maedica.2025.20.4.708

Analysis of Fatty Liver Prevalence in 
Non-Obese Women Diagnosed with 
Polycystic Ovary Syndrome
Fateme AMIRIa, Homeira RASHIDIa, Leila MORADIa, Seyedbahman GHDERIANa, 
Reyhanesadat TAGHAVIa

aDiabetes Research Center, Health Research Institute,  
Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

Address for correspondence:
Reyhanesadat Taghavi
Department of Internal Medicine, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

Article received on the 10th of October 2025 and accepted for publication on the 26th of November 2025

ABSTRACT
Background: Polycystic ovary syndrome (PCOS) has various causes that are largely unknown. The 

present study was aimed to evaluate metabolic and biochemical markers as well as body mass index (BMI) 
related to PCOS among two groups including patients and healthy controls.

Methods: A case-control study included women younger than 45 years who did not suffer from obesity. 
Women with male-factor infertility served as the control group, while patients detected with PCOS via the 
Rotterdam criteria made up the case group. There were 86 randomly selected participants in each group. 
Fasting blood sugar (FBS), lipid profiles, alanine aminotransferase (ALT) and other biochemical tests were 
gathered with demographic data, medical records, physical exams and anthropometric measurements. 
Ultrasound, liver enzyme levels and medical history were utilized to diagnose non-alcoholic fatty liver 
disease (NAFLD).

Results: About 172 women were selected for the research; 86 had PCOS, while the remaining 86 were 
healthy controls. A younger mean age and a higher BMI were found in women with PCOS. The findings 
showed that mild to moderate fatty liver was more prevalent in the PCOS group than the control one 
(P = 0.04). Although metabolic indices, liver enzymes, hematologic parameters and hormone levels did 
not alter significantly, the PCOS group had lower fasting blood sugar levels (P = 0.029). The correlation 
between total cholesterol and PCOS was still poor after adjusting for age in logistic regression analysis. 
Still, it became statistically insignificant after adjusting for BMI index.

Conclusion: Non-obese women with PCOS had a higher prevalence of fatty liver, with minor differences 
in metabolic parameters, and BMI partly mediated these associations.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is 
characterized by a combination of 
symptoms, including irregular mens
trual cycles, excess androgen (male 
hormone) levels and polycystic ovaries, 

which are enlarged ovaries containing multiple 
small follicles (1).

Polycystic ovary syndrome has affected about 
5–10% of surveyed women (2). Heart disease, 
diabetes, obesity, abnormal cholesterol levels, 
abnormal menstrual cycles and infertility are all 
symptoms of this syndrome. Polycystic ovary syn-
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drome is defined by the presence of hyperan-
drogenism, oligoovulation and a polycystic ova
rian morphology. Symptoms and possible 
metabolic issues vary throughout the four main 
classes (A–D) of these diseases (3, 4).

Findings from some relevant studies suggest 
that women with PCOS, especially those who 
exhibit hyperandrogenism, obesity, or insulin re-
sistance, are at increased risk of developing 
NAFLD (5-7). Given the clinical significance of 
NAFLD and the prevalence of PCOS, it is im-
perative to identify women with PCOS who are 
at risk for fatty liver disease and to investigate 
predictive indicators for this association. Women 
with PCOS have varying risks of developing 
NAFLD contingent upon their geographical loca-
tion, potentially attributable to disparities in nu-
trition, socioeconomic position and lifestyle 
choices (5-9). Moreover, steatohepatitis and fi-
brosis were more prevalent in women with poly-
cystic ovarian syndrome than in the general 
population, especially among non-obese per-
sons (10-12).

To address existing gaps in the literature, par-
ticularly regarding metabolic and hepatic out-
comes in non-obese women with PCOS, the 
present study aimed to determine the preva-
lence of non-alcoholic fatty liver disease in 
non-obese women diagnosed with PCOS and to 
identify the metabolic and hormonal factors as-
sociated with hepatic steatosis in this population.

MATERIALS AND METHODS

Study design and population
This case-control investigation included 

women aged 18–45 years with a body mass in-
dex (BMI) of 30 kg/m² or lower who were cate-
gorized as non-obese. Participants in the case 
group (75 women) fulfilled the Rotterdam dia
gnostic criteria for PCOS. Those in the control 
group (75 women) were attending an infertility 
clinic due to male-factor infertility.

Sample size and sampling method
With an 80% test power, a 0.05 significance level 
and an anticipated difference between the two 
groups, a prior study determined that 77 people 
in each group would be an adequate sample 
size. Considering a 10% margin of error, we de-
termined a sample size of 172 women (86 per 
group). A random sampling of women visited the 

infertility treatment center and the endocrinolo-
gy clinic.

Instruments and data collection
A standardized questionnaire was used to gath-
er data, which encompassed demographic, so-
cioeconomic and ethnic details, along with 
medical history (including conditions like dia-
betes and hypertension). Additionally, bio-
chemical testing, anthropometric quantities 
(such as height, weight and BMI) and a physical 
examination were carried out. Obesity is de-
fined as a BMI over 30 kg/m². The patient's ab-
stinence from alcohol, together with ultrasono-
graphic anomalies and liver enzyme assessment, 
resulted in the diagnosis of NAFLD. Abdominal 
ultrasonography for the diagnosis of NAFLD 
was performed by an experienced radiologist 
with more than 10 years of clinical practice in 
hepatic imaging. The radiologist was blinded to 
the participants’ clinical, hormonal, and meta-
bolic data, as well as their case–control status. 
Standardized imaging criteria were applied to 
ensure consistency and reduce interobserver 
variability.

Fasting blood glucose levels, lipid profiles (to-
tal cholesterol, HDL, LDL and triglycerides) and 
alanine aminotransferase (ALT) measurements 
were included in the laboratory evaluation.

Inclusion and exclusion criteria
Participants were excluded if they had a history 
of alcohol consumption exceeding 20 g/day, any 
known liver disease such as viral hepatitis 
(HBV/HCV), autoimmune hepatitis, Wilson’s di
sease, or hemochromatosis, use of hepatotoxic 
medications or drugs affecting liver enzymes, 
current pregnancy or lactation, thyroid, renal, or 
cardiovascular disorders, previously diagnosed 
diabetes mellitus or impaired glucose tolerance, 
or incomplete clinical, laboratory, or ultrasono-
graphic data.

Statistical analysis
In the present study, qualitative variables were 
summarized as frequencies and percentages, 
while quantitative variables were presented as 
mean ± standard deviation (SD) for normally 
distributed data and as median with interquartile 
range for non-normally distributed data. The 
Shapiro-Wilk test was used to assess the norma
lity of all continuous variables. Categorical varia
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bles were compared using the Chi-square test or 
Fisher’s exact test, as appropriate, and continu-
ous variables were analyzed using the indepen-
dent t-test for normally distributed data or the 
Mann–Whitney U test for non-normal data.

To explore associations between independent 
variables and the primary outcome (presence of 
NAFLD), univariate logistic regression was first 
applied to identify candidate predictors (p < 0.1), 
followed by multivariate logistic regression to ad-
just for potential confounders and identify inde-
pendent risk factors. The results of regression 
models are presented as odds ratios (ORs) with 
95% confidence intervals (CIs). All statistical ana

lyses were conducted using SPSS (version 26), 
and a two-sided p-value < 0.05 was considered 
statistically significant.

Ethical considerations
The Research Council of Ahvaz Jundishapur Uni-
versity of Medical Sciences authorized the study 
technique and the university's Ethics Committee 
produced an ethics code. The anonymity of par-
ticipants was assured during the research in com-
pliance with the standards established in the 
Declaration of Helsinki. The decoded informa-
tion was available solely to members of the re-
search team.

Fatty Liver in Non-Obese Women

TABLE 1. Personality traits of  
PCOS patients and healthy controls as 
measured by the variables

TABLE 2. Relationship between 
PCOS and serum lipid profile 
following correction for age and 
BMI
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RESULTS

Women in the PCOS group were signifi
cantly younger than those in the control 

group (26.7 ± 7.4 vs 32.9 ± 4.7 years, P = 0.001). 
As shown in Table 1, those with PCOS exhibited a 
notably higher mean BMI (22.4 ± 1.2 vs 
21.7 ± 1.1, P < 0.001) than controls.

Among the PCOS cohort, 61.3% of subjects 
had normal fatty liver, 32.0% presented with 
grade 1 fatty liver and 6.7% were classified with 
grade 2 fatty liver, based on the severity distribu-
tion of fatty liver. Conversely, the control group 
had a normal distribution: 20% grade 1 and 
1.3% grade 2 fatty liver (P = 0.04).

The metabolic indices showed that the PCOS 
group had significantly lower fasting blood glu-
cose (FSB) levels (92.4 ± 10.6 vs 95.9 ± 8.6 mg/dL, 
P = 0.029) as compared to the control condi-
tions. There were no statistically significant 
changes (P>0.05) for the other metrics, inclu
ding total cholesterol, HDL, triglycerides and 
LDL, between the two groups (Table 1).

As shown in Table 1, liver enzyme activities, 
including ALT, AST and alkaline phosphatase 
(ALKPH), did not differ significantly between the 
two groups (P > 0.05).

Table 1 further exhibits no significant changes 
(P > 0.05) in hematologic and hormonal mea-
sures such as mean hemoglobin levels, platelet 
counts, vitamin D levels and thyroid-stimulating 
hormone (TSH) levels.

Logistic regression research indicated that, af-
ter adjusting for age, total cholesterol remained 
significantly associated with PCOS (OR = 1.01, 
95% CI 1.01-1.027, P = 0.04). No supplemen-
tary variables exhibited statistically significant as-
sociations. There was no significant correlation 
between PCOS and any metabolic markers after 
controlling for body mass index (Table 2). After 
further adjustment for BMI, this association was 
no longer significant, suggesting that BMI may 
mediate the relationship between cholesterol 
levels and PCOS status.

DISCUSSION

Polycystic ovary syndrome is a complicated 
hormonal imbalance that impacts a large per-

centage of reproductive-aged women. One of 
these effects is NAFLD, the most widespread li
ver condition worldwide. The exact pathophysi-

ological mechanisms underlying the link be-
tween PCOS and NAFLD remain unidentified. 
The higher prevalence of NAFLD in non-obese 
women with PCOS likely reflects factors beyond 
obesity. Insulin resistance, common in PCOS 
even in lean women, increases free fatty acid 
flux to the liver and promotes hepatic fat accu-
mulation (13). Hyperandrogenism may also con-
tribute by altering lipid metabolism and promo
ting low-grade inflammation (14). Together, 
these mechanisms suggest that endocrine and 
metabolic dysregulation inherent to PCOS can 
drive hepatic steatosis independent of BMI.

In the present study, the PCOS group was sig-
nificantly younger than the control group, which 
may have important implications for interpreting 
our findings. Age is a known determinant of me
tabolic risk and hepatic fat accumulation, with 
older age generally associated with higher insulin 
resistance, dyslipidemia and NAFLD prevalence. 
Therefore, the younger age of women with 
PCOS may have mitigated some metabolic dif-
ferences between groups, potentially underesti-
mating the magnitude of certain risk factors. To 
account for this, regression analyses were adjus
ted for age, allowing us to identify independent 
associations between PCOS status and metabolic 
or hepatic outcomes. These adjustments con-
firmed that the higher prevalence of NAFLD in 
non-obese PCOS women was not solely attribu
table to age differences. Nevertheless, the age 
discrepancy remains a limitation and future stu
dies should aim to match participants more 
closely by age to isolate the effect of PCOS on 
metabolic and hepatic parameters more pre
cisely.

The current research was designed to assess 
the prevalence of NAFLD among non-obese 
women with PCOS, using healthy women from 
infertility clinics as a reference population. The 
data demonstrated that BMI values were signifi-
cantly greater in the PCOS group than the con-
trol one, which was consistent with the results of 
Rocha et al, who similarly found elevated BMI 
levels in women with PCOS compared to healthy 
participants (15).

The findings of present study indicated a cor-
relation among PCOS and an increased likeli-
hood of developing NAFLD, even in women 
without obesity. Two studies conducted by Rocha 
and Romanowski found a significantly higher in-
cidence of NAFLD in women with PCOS than 
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those in the healthy group (15, 16). In line with 
these findings, Qu et al (17) also documented a 
greater frequency of NAFLD among women with 
PCOS.

The metabolic indices in our study showed 
that individuals with PCOS had significantly 
lower FBS levels than the control group. On the 
other hand, the levels of total cholesterol, trigly
cerides, LDL and HDL were not substantially dif-
ferent between the two sets of data. According to 
these results, lipid profile changes in this group 
might not be caused by PCOS alone. Nevertheless, 
additional research is needed to determine 
whether the observed discrepancy in FBS is in-
dicative of metabolic abnormalities in PCOS in-
dividuals. Interestingly, FBS was slightly lower in 
the PCOS group compared with controls. This 
finding may reflect compensatory hyperinsu-
linemia commonly observed in PCOS, which 
helps maintain normoglycemia despite under
lying insulin resistance. Additionally, the younger 
age of women in the PCOS group could contri
bute to more efficient glucose metabolism. These 
factors, along with the generally non-obese sta-
tus of participants, may explain the observed 
lower FBG, highlighting the complex metabolic 
profile of non-obese women with PCOS (18).

There were no significant differences in se-
rum levels of liver enzymes (AST, ALT and ALP) 
between the two cohorts, which was consistent 
with the observations made by Cappello et al 
(19). This may be attributed to the selection of 
non-obese women and the relatively limited 
study population, suggesting that early-stage or 
less severe hepatic disorders may present with-
out a marked elevation in liver enzymes.

Likewise, hemoglobin, platelet count, vitamin D 
and TSH levels exhibited no significant variations 
between the groups. The results demonstrate 
that, within this population, PCOS did not sig-
nificantly affect hematopoiesis, coagulation sta-
tus, vitamin D levels, or thyroid function.

The significant age difference between groups 
highlights the importance of adjusting for poten-
tial confounders in interpreting our findings. Af-
ter accounting for age in logistic regression analy-
sis, the only variable significantly associated with 
PCOS status was total cholesterol. Thus, greater 
total cholesterol levels were linked to a higher 
chance of PCOS. Total cholesterol was associa
ted with PCOS, but this link vanished after con-
trolling for BMI. This suggests that BMI is a medi-

ating variable and an important contributor to 
the metabolic changes associated with PCOS. 
These findings underscore the complex inter-
play of age, BMI and metabolic risk factors in 
non-obese women with PCOS.

Several studies have linked obesity, increased 
ALT, elevated fasting insulin and insulin resis-
tance to a higher probability of NAFLD among 
women diagnosed with PCOS. Furthermore, el-
evated fasting glucose concentrations have been 
identified as a critical factor contributing to he-
patic damage associated with PCOS, as high-
lighted by Paradis et al (20). Consistent with 
these findings, the current study emphasizes the 
significance of tracking body mass index and 
metabolic indices in PCOS patients who are not 
overweight.

Contrary to the findings by the current re-
search, other research indicated that patients 
with PCOS exhibited markedly increased levels 
of ALT, AST and triglycerides (21). Possible causes 
of these variances include variations in diagno
stic criteria, study populations, or sample sizes.

This study has some important limitations. 
The case-control design precludes any conclu-
sions about causality between PCOS and NAFLD, 
due to probably improper selection related to 
the control group. Moreover, the diagnosis of 
NAFLD relied on abdominal ultrasonography, 
which, although non-invasive and widely used, 
may have limited sensitivity for detecting mild 
hepatic steatosis and cannot assess fibrosis accu-
rately. Future longitudinal studies using more 
sensitive imaging modalities, such as MRI or tran-
sient elastography, are warranted to confirm and 
extend our findings. Furthermore, due to its sin-
gle-center design, small sample size and signifi-
cant differences in BMI between groups, this 
study has several important limitations. For a 
fuller view, it may be necessary to assess addi-
tional hormonal, inflammatory and metabolic 
variables. Using women with male-factor inferti
lity as the control group may introduce selection 
bias, as these individuals were recruited from fer-
tility clinics and may not fully represent the ge
neral population of healthy women. This limita-
tion should be considered when interpreting the 
comparative findings of the study. Better clarifi-
cation of the independent involvement of PCOS 
in hepatic and metabolic problems could be 
achieved by future research with multicenter de-
signs and bigger more diverse populations.
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CONCLUSION

The prevalence of mild to moderate fatty liver 
disease was higher in non-obese women with 

PCOS compared with controls. Fasting blood 
glucose was slightly lower in the PCOS group, 
while other metabolic, liver, hematologic and 
hormonal parameters did not differ significantly. 
Age-adjusted regression showed a small associa-

tion between total cholesterol and PCOS, which 
became non-significant after controlling for BMI. 
These findings highlight the influence of BMI and 
age on metabolic profiles in non-obese women 
with PCOS. q
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