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Aims: To find the prevalence and predictors of nonalcoholic fatty liver disease (NAFLD) in Asian Indian
polycystic ovary syndrome (PCOS) women.
Materials and methods: This is a prospective, cross-sectional study conducted at a tertiary care hospital
from South India. Sixty women fulfilling the Rotterdam (2003) criteria for PCOS were recruited for the
study. All participants were evaluated with ultrasound abdomen for fatty liver and additional
biochemical investigations including fasting plasma glucose, postprandial plasma glucose, serum insulin,
lipid profile and liver function tests.
Results: The mean age of the study population was 24.06 ± 5.9 (range: 15e39) years. Oligomenorrhea,
hirsutism and acne were present in 58 (96.7%), 37 (61.7%) and 33 (55%) women. Mean BMI of the study
population was 29.5± 5.28 (range: 19.95 to 45.44) kg/m2. Fifty (83.3%) womenwere obese (BMI: � 25 kg/
m2). Twenty-three (38.3%) women with PCOS had NAFLD. Three women each had isolated elevation of
alanine transaminase (ALT) and aspartate transaminases (AST) whereas three women had elevation of
both. All women with elevated transaminases had NAFLD. By univariate analysis, factors associated with
NAFLD were serum total cholesterol, serum insulin, HOMA-IR, hyperandrogenism, ALT and AST. On
multiple regression analysis using linear regression, HOMA-IR and hyperandrogenemia were the only
significant predictors of NAFLD.
Conclusion: Our study reports NAFLD in more than one third of Asian Indian women with PCOS. In
addition to insulin resistance (HOMA-IR), hyperandrogenemia is an independent predictor of NAFLD in
women with PCOS.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endo-
crinopathy in reproductive aged women, affecting 6e10% of the
population [1]. It is a complex endocrine disorder of uncertain
etiology [2]. Clinical features include anovulation, hirsutism,
menstrual dysfunction, acne and infertility. It is associated with
significant metabolic abnormalities. Metabolic abnormalities
associated with PCOS include insulin resistance with compensatory
hyperinsulinemia, obesity, impaired glucose tolerance and type 2
diabetes mellitus, dyslipidemia, endometrial carcinoma and
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possibly cardiovascular disease.
Insulin resistance is the main pathogenic feature of PCOS

affecting both obese and lean patients [3,4]. Several studies have
shown that about 50% of patients with PCOS fall under the criteria
for metabolic syndrome (MS) [5], andMS is the major risk factor for
the occurrence of cardiovascular disease in PCOS patients [6]. In
recent years epidemiological studies have shown an increased risk
of non-alcoholic fatty liver disease (NAFLD) among young women
with PCOS [7,8]. Insulin resistance, which is strongly associated
with PCOS and MS, also plays a key role in the pathogenesis of
NAFLD [9].

Nonalcoholic fatty liver disease (NAFLD) is the most common
form of liver disease in the Western world with a prevalence
ranging from 5 to 33% [10]. It is characterized by accumulation of fat
in the liver, with histology identical to alcoholic liver disease, in
patients with no or minimal alcohol consumption. There is a wide
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spectrum of disease ranging from the accumulation of lipid within
hepatocytes (steatosis) to inflammation of the liver (non-alcoholic
steatohepatitis - NASH) to liver fibrosis and finally to cirrhosis [11].
NAFLD, which was previously considered as a benign hepatic
manifestation of MS, is now thought to be pathogenic determinant
of MS [12]. In fact, some studies have shown that NAFLD precedes
the development of the MS [13]. This raises the prospect of NAFLD
being used as an early marker of MS.

Many studies have demonstrated high prevalence of PCOS in
Indian population, ranging from 2.2% to 26% [14]. These women are
at higher risk for developingMS and NAFLD. There is paucity of data
regarding the prevalence of these disorders in South Indian popu-
lation. To bridge this gap, the current study is undertaken to assess
the prevalence and predictors of NAFLD in South Indian women
with PCOS.

2. Materials and methods

This is a cross sectional study conducted in the department of
Endocrinology, Narayana medical college and Hospital (NMCH),
Nellore, between September 2016 and September 2017. Sixty newly
diagnosed PCOS women attending out patient services at Endo-
crinology department were included in the study after obtaining a
written informed consent. The study was approved by the insti-
tutional ethics committee. The diagnosis of PCOS was based on the
2003 Rotterdam criteria:

(i) Oligo- or anovulation
(ii) Biochemical and/or clinical evidence of hyperandrogenism
(iii) Ultrasound evidence of polycystic ovaries.

In addition to the presence of at least two out of the above listed
three criteria exclusion of secondary causes of PCOS was essential
to make the diagnosis of PCOS.

Patients with known diabetes mellitus, untreated hypothy-
roidism, hyperprolactinemia, on treatment with drugs like corti-
costeroids, antiepileptic or antipsychotic drugs, insulin sensitizers,
hormonal contraceptives and anti-tuberculosis drugs were
excluded from the study. Patients with chronic alcohol intake and
those with history of chronic liver disease, chronic viral hepatitis,
autoimmune hepatitis, drug/toxin-induced liver injury or hemo-
chromatosis were also excluded from the study.

A detailed history including menstrual cycles, hirsutism, acne,
dietary habits, physical activity, family history of PCOS, diabetes
and hypertension was taken. Clinical examination for signs of in-
sulin resistance (acanthosis nigricans), hyperandrogenism (hirsut-
ism and acne) and anthropometric variables including height,
weight, body mass index (BMI) and waist circumference (WC) was
performed. Hirsutism was quantified according to modified
Ferriman-Gallwey method. Patient was considered to have mild
hirsutism if score is between 8 and 15 and severe hirsutism if score
>15. Overweight, obesity and normal weight are graded according
World Health Organization cut offs for Asians. (Overweight> 23 kg/
m2 and obese >25 kg/m2) [15]. Waist circumference (WC) was
measured in standing position midway between the lower costal
margin and the iliac crest, at the end of expiration. WC� 80 cmwas
considered abnormal.

2.1. Biochemical assays

Venous blood samples for fasting and postprandial plasma
glucose, fasting lipid profile, fasting insulin, serum prolactin, thy-
roid stimulating hormone (TSH), total testosterone, serum total
bilirubin, alanine transaminase (ALT) and aspartate transaminase
(AST) were collected after an overnight fast between 2nd to 5th day
of a spontaneous or progesterone withdrawal-induced menstrual
cycle. Biochemical investigations were performed using Humastar
600 whereas hormonal investigations were performed using
Beckman Coulter. For all the above parameters, any valuemore than
the upper limit of the laboratory reference range was used as
abnormal. For serum insulin assay, analytical sensitivity, reference
range and precision were 0.03 mIU/ml, 1.9e23 mIU/ml and <10%
across the assay range whereas for serum total testosterone assay,
analytical sensitivity, reference range and imprecision were 0.1 ng/
ml, <0.1e0.75 ng/ml and �20% at 0.5 ng/ml and <10% from 2 to
10 ng/mL. HOMA-IR was calculated by the following formula:
serum insulin (mU/ml)� fasting serum glucose (mmol/l)/22.5. A
cut-off of �2.7 was used to diagnose of insulin resistance.

Ultrasonography was performed by the same radiologist for all
60 cases. A high-resolution Philips HD 5 with a 3.5 Hz convex-array
probe was used. Hepatic steatosis was defined as diffuse increase in
fine echoes in liver parenchyma with impaired visualization of
intra-hepatic vessels and the diaphragm.

2.2. Statistical analysis

All the data values were entered in to MS-Excel worksheet.
Statistical analysis was done by using IBM SPSS Version 21.0. Cat-
egorical variables were represented as frequencies and percentages
whereas continuous variables were expressed as mean and stan-
dard deviation (SD). chi-square test was used to compare the cat-
egorical variables whereas unpaired t-test was used to compare
continuous variables. Odds ratio for NAFLD was calculated for each
variable and multiple regression analysis was performed using
linear regression method to identify predictors of NAFLD. p
value< 0.05 was considered as statistically significant.

3. Results

The study included a total of 60 PCOS women. The mean age of
the study population was 24.06± 5.9 (range: 15e39) years. Oligo-
menorrhea, hirsutism and acne were present in 58 (96.7%), 37
(61.7%) and 33 (55%) women. Family history of diabetes mellitus
was present in 24 (40%) women. Fifty-six (93.3%) women were
consuming non-vegetarian diet. Acanthosis nigricans was present
in 53 (88.3%). Mean BMI of the study population was 29.5± 5.28
(range: 19.95 to 45.44) kg/m2. Fifty (83.3%) women were obese
whereas another five (8.3%) women were overweight.

Out of the 60 cases, 23 (38.30%) had hepatic steatosis on ultra-
sound; three women each had isolated elevation of ALT and AST
whereas three women had elevation of both enzymes. All women
with elevated transaminases had fatty liver.

Oligomenorrhea, hirsutism, acne, non-vegetarian diet habit,
family history of diabetes and acanthosis nigricans were not
significantly different between NAFLD and non-NAFLD groups.
Clinical parameters such as age, BMI, WC, systolic blood pressure
and diastolic blood pressure also did not differ between the two
groups (Table 1).

By univariate analysis, factors associated with NAFLD in PCOS
patients were serum total cholesterol, serum insulin, HOMA-IR,
hyperandrogenism, ALT and AST whereas age, BMI, WC and
serum triglycerides were not associated with it (see Table 3).

On multiple regression analysis using linear regression, HOMA
IR (standardized coefficient b: 0.642, p: < 0.0001) and hyper-
androgenemia (standardized coefficient b: 0.2, p: 0.03) were the
only significant predictors of NAFLD.

4. Discussion

The present study reports the prevalence of NAFLD along with



Table 1
Comparison of clinical characteristics between NAFLD group with Non NAFLD group.

Parameters Total NAFLD group Non-NAFLD group P value

Oligomenorrhea 58 (96.7%) 21 (91.3%) 37 (100%) 0.06
Hirsutism 37 (61.7%) 17 (73.9%) 20 (54.1%) 0.12
Acne 33 (55%) 15 (65.2%) 18 (48.6%) 0.21
Non-vegetarian diet 56 (93.3%) 22 (95.7%) 34 (91.9%) 0.57
Family H/o diabetes 24 (40%) 10 (43.5%) 14 (37.8%) 0.66
Acanthosis nigricans 53 (88.3%) 22 (95.7%) 31 (83.8%) 0.16
Age (Years) 24.06± 5.96 23.91± 6.54 24.16± 5.66 0.87
BMI (Kg/m2) 29.56± 5.28 30.58± 5.82 28.93± 4.89 0.24
Obese: nonobese 50:10 20:3 30:7 0.55
Waist circumference (cm) 95.58± 12.95 96.87± 13.12 94.78± 12.96 0.54
Systolic blood pressure (mmHg) 109.87 ± 10.49 111.74± 11.54 108.65± 9.76 0.27
Diastolic blood pressure (mmHg) 73.17± 8.33 73.91± 7.82 72.70± 8.70 0.58

Postprandial plasma glucose, serum total cholesterol, serum insulin, HOMA- IR, serum testosterone, serum total bilirubin, AST, and ALT were significantly more in the NAFLD
group than the non-NAFLD group (Table 2).

Table 2
Comparison of biochemical characteristics between NAFLD group with Non NAFLD group.

Parameters NAFLD group Non-NAFLD group Total P value

Fasting plasma glucose (mg/dl) 89.04± 9.07 85.48± 8.02 86.85± 8.55 0.11
Postprandial plasma glucose (mg/dl) 120.35 ± 17.15 109.95± 19.83 113.93± 19.3 0.04
Serum total cholesterol (mg/dl) 170.35 ± 30.05 150.97± 26.77 158.40± 29.40 0.01
Serum triglycerides (mg/dl) 143.00 ± 61.82 122.68± 55.41 130.47± 58.29 0.19
Serum thyroid stimulating hormone (mIU/ml) 2.56± 1.43 2.54± 1.57 2.55± 1.51 0.96
Serum prolactin (ng/ml) 13.00± 4.16 11.29± 4.32 11.95± 4.30 0.13
Serum insulin (mIU/ml) 21.62± 4.18 11.86± 4.20 15.60± 6.34 <0.01
HOMA-IR 4.73± 0.91 2.53± 1.02 3.37± 1.45 <0.01
Serum total testosterone (ng/ml) 0.74± 0.24 0.50± 0.15 0.59± 0.22 <0.01
Serumtotal bilirubin (mg/dl) 0.66± 0.24 0.53± 0.18 0.58± 0.21 0.03
Aspartate transaminase (IU/L) 25.85± 7.65 19.49± 4.28 21.93± 6.54 <0.01
Alanine transaminase (IU/L) 26.87± 9.65 18.70± 5.34 21.83± 8.25 <0.01

Table 3
Univariate analysis of risk factors for NAFLD.

Variable Odds Ratio 95% confidence interval P value

Age (years) 0.99 0.90e1.08 0.87
Weight (kg) 1.03 0.99e1.07 0.09
Body mass index (kg/m2) 1.06 0.95e1.17 0.24
Waist circumference (cm) 1.01 0.97e1.05 0.54
Serum total cholesterol (mg/dl) 1.02 1.00e1.04 0.01
Serum triglycerides (mg/dl) 1.00 0.99e1.01 0.19
Fasting plasma glucose (mg/dl) 1.05 0.98e1.21 0.12
Postprandial plasma glucose (mg/dl) 1.03 0.99e1.06 0.053
Serum insulin (mIU/ml) 1.82 1.32e2.51 <0.01
HOMA-IR 9.59 2.98e30.87 <0.01
Hyperandrogenism 13.46 2.59e68.83 <0.01
Serum total bilirubin (mg/dl) 0.93 0.74e1.18 0.59
Aspartate transaminase (U/L) 1.21 1.07e1.35 <0.01
Alanine transaminase (U/L) 1.16 1.06e1.28 <0.01
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clinical and biochemical risk factors for NAFLD in South Indian
PCOS women. Prevalence of fatty liver in the present study was
38.3% which is similar to other studies by Cerda et al. [16] (41.46%),
Ma et al. [17] (39%), Qu et al. [18](33%) and Vassilatou et al. [19]
(36.84%) but less than the prevalence seen in two previous Indian
studies by Karoli et al. [20] (66.67%) and Prasad et al. [21](68%). We
used ultrasonography, the most widely used imaging method for
detecting fatty liver. It is cost effective, easily available, non-invasive
and has an acceptable sensitivity of more than 80% (in the presence
of >30% of fatty infiltration) for detecting fatty liver. Although liver
biopsy remains the gold standard for NAFLD diagnosis there is still
no consensus regarding the absolute need of liver biopsy to confirm
the diagnosis of NAFLD [22,23].

Most of the studies have shown association of NAFLD with
obesity in PCOS women [16,17,20,24]. Anthropometric markers of
obesity as well as clinical features of PCOS did not differ between
PCOS women with and without NAFLD [25]. Lack of correlation
between NAFLD and anthropometric markers of obesity may be
due to predominance of obese PCOS women in our study. In few
studies anthropometric obesity markers were not independent
predictors of NAFLD among PCOS women which is in agreement
with our observation [26]. Nonobese women with PCOS are also at
approximately 2-fold increased risk for NAFLD [27].

Association of NAFLD with lipid parameters in PCOS women is
variable across the studies. In a study by Faisal et al., [28] serum
total cholesterol but not serum triglycerides, was significantly
associated with NAFLD in PCOS women. However, in our study
neither serum total cholesterol nor serum triglycerides were
associated with NAFLD. Similar finding has been reported previ-
ously [29].
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The prevalence of elevated liver enzymes in women with PCOS
varies among different studies. This may be due to different cut-off
levels used and population selected. In the current study, AST and
ALT were elevated in 10% each, whereas 5% had elevation of both
enzymes. There was a significant difference in ALT and AST levels
between those with NAFLD and those without. Similar findings
have been reported by most of the previous studies
[16,20,21,29,30]. All cases with elevated transaminases had hepatic
steatosis but in many patients with NAFLD liver enzymes were
normal. This is because enzyme elevation is seen only in patients
with steatohepatitis which is advanced stage of NAFLD. It suggests
poor sensitivity of liver enzymes in diagnosing NAFLD.

Insulin resistance and the consequent hyperinsulinemia are the
major pathogenic factors in the steroidogenic and metabolic dys-
regulation seen in PCOS. In the current study, both were signifi-
cantly higher in PCOS womenwith NAFLD than those without. Like
our study several studies have demonstrated lower insulin sensi-
tivity among PCOS women than controls [31,32]. In our study in-
sulin resistance was present in 65% PCOSwomen. Similar high rates
of insulin resistance have been demonstrated inmany other studies
[31,33]. However, among lean PCOS women prevalence of insulin
resistance is less [29]. HOMA-IR was significantly higher among
PCOS women with NAFLD than those without and was the stron-
gest predictor of NAFLD in our study. Most of the previously pub-
lished studies have demonstrated a similar finding [20,21,29,30].

Serum testosterone and frequency of hyperandrogenemia were
significantly higher in PCOS women with NAFLD than those
without. Hyperandrogenemia was an independent predictor of
NAFLD among PCOS women. Many recent studies have demon-
strated the association of hyperandrogenemia with NAFLD in PCOS
women [20,21,28,34]. A recent meta-analysis has also confirmed
hyperandrogenemia as an independent predictor of NAFLD in PCOS
women [35]. Association of hyperandrogenemia with other car-
diometabolic risk factors such as elevated triglycerides, serum in-
sulin, HOMA-IR, mean arterial pressure, increased glucose and
decreased high-density lipoprotein has also been reported. Asso-
ciation of hyperandrogenemia with NAFLD may be a reflection of
obesity and insulin resistance in PCOS [36]. However, in our study
association of hyperandrogenemia was independent of BMI and
HOMA-IR. It has been shown in experimental models that treat-
ment with dihydrotestosterone (DHT) in ovariectomisedmice leads
to greater visceral fat mass and liver fat associated with tri-
glycerides accumulation. Adenosine monophosphate-activated
protein kinase (AMPK) is an enzyme known to inhibit lipogenesis
in adipose tissue and its inhibition by excess androgens may be
responsible for increased fat accumulation in the liver and visceral
fat [37,38]. A recent study has also demonstrated that hCG induced
hyperandrogenism strongly aggravates hepatic inflammation
which might be mediated by dysregulation of IRS-PI3K-Akt
signaling axis [39].

Serum total testosterone measurement is the most commonly
used assay to determine hyperandrogenism. However, it may not
be a sensitive marker of hyperandrogenemia due to reduced SHBG
in PCOS women. Although, free testosterone is a more sensitive
measure of hyperandrogenism, direct free testosterone assays are
not used as they are inaccurate and lack standardisation. Hence,
free androgen index (FAI) may bemore reliable biochemical marker
of androgen excess in PCOS women [40]. However, we did not
measure free testosterone or FAI in our study. Measurement of FAI
might have provided a stronger association of androgen excess
with NAFLD.

The study had few limitations. First, sample size of the study
was relatively smaller. Second, though the prevalence of NAFLDwas
high among PCOSwomen in our study, it is not clear whether it was
higher than that in women without PCOS. Third, liver biopsy, the
gold standard for diagnosis of NAFLD, was not performed since it is
not feasible to perform liver biopsy in all women with PCOS.
However, multiple alternative criteria have been proposed
including those based on ultrasonogram [41]. In our study ultra-
sonogram was used as the sole criteria to diagnose NAFLD which
might have underestimated the prevalence of NAFLD since the
sensitivity of ultrasound for mild NAFLD (<30% hepatocytes
involved) is low (60e90%) [41]. Fourth, due to higher prevalence of
obese and overweight women in our study, the study findings may
not be generalised to lean PCOS.

5. Conclusion

Our study reports NAFLD in more than one third of womenwith
PCOS. In addition to insulin resistance (HOMA-IR), hyper-
androgenemia was an independent predictor of NAFLD in women
with PCOS.
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