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ABSTRACT

OBJECTIVE: Insulin resistance contributes to the pathogenesis of both polycystic ovary syn-
drome (PCOS) and non-alcoholic fatty liver disease (NAFLD). The main aim of the present 
study was the evaluation of non-invasive indices of hepatic steatosis and fibrosis in PCOS 
women with or without metabolic syndrome (MetS). DESIGN: In this cross-sectional study, 
three non-invasive indices for hepatic steatosis [NAFLD liver fat score, lipid accumulation 
product (LAP) and hepatic steatosis index (HIS)] and four for fibrosis [FIB-4, aspartate 
aminotransferase (AST)-to-Platelet Ratio Index (APRI), body mass index (BMI)-Age-Alanine 
aminotransferase (ALT)-Triglycerides (BAAT) and BMI AST/ALT Ratio Diabetes (BARD)] 
were calculated in 314 PCOS women (77 with, 237 without MetS) and 78 controls. RESULTS: 
All steatosis indices were significantly higher in the PCOS than the control group (NAFLD 
liver fat score: -0.139±0.117 vs. -0.976±0.159, p<0.001; LAP: 43.3±1.9 vs. 34.7±3.1, p=0.036; 
HIS: 44.6±0.5 vs. 42.1±0.8, p=0.016). FIB-4 and BAAT [fibrosis stage (F)2-4] were higher in 
the PCOS group (0.480±0.020 vs. 0.400±0.013, p<0.001; and 15.6% vs. 5.1%, respectively), 
whereas APRI and BARD were not. All steatosis indices were significantly higher in PCOS women 
with than without MetS (NAFLD liver fat score: 1.874±0.258 vs. -0.793±0.099, p<0.001; LAP: 
76.8±4.9 vs. 33.4±1.4, p<0.001; and HIS: 49.8±1 vs. 43±0.5, p<0.001). Of the fibrosis indices, 
only BAAT (F2-4: 50.6% vs. 4.2%) was higher in PCOS women with MetS. CONCLUSIONS: 
Non-invasive indices of hepatic steatosis were significantly higher in PCOS, especially in the 
presence of MetS, whereas indices of hepatic fibrosis yielded controversial results. Further 
studies are warranted to evaluate the long-term outcomes of hepatic steatosis and fibrosis 
indices in PCOS women.
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IntroductIon

Polycystic ovary syndrome (PCOS) is the com-
monest endocrine disorder in women of reproduc-
tive age,1 its prevalence having been reported to be 
up to 18% in accordance with the ESHRE/ASRM 
criteria.2 Multiple metabolic aberrations, such as in-
sulin resistance (IR) and hyperinsulinemia, visceral 
obesity, inflammation and endothelial dysfunction, 
hypertension, dyslipidemia, high incidence of impaired 
glucose tolerance and a lifetime risk of type 2 diabetes 
mellitus (T2DM) and cardiovascular diseases are 
associated with the syndrome.3 

Non-alcoholic fatty liver disease (NAFLD), the 
commonest hepatic disorder and the leading cause 
of cryptogenic cirrhosis in Western countries, con-
stitutes a major, global, public health problem.4 Its 
prevalence has been reported to be 10-46% and 6-35% 
in the US and the rest of the world, respectively,5 
and it increases mortality mainly due to hepatic and 
cardiovascular disease.6

Although the pathogenesis of either disorder has 
not yet been fully elucidated, IR has been implicated, 
at least partly, in the pathogenesis of both diseases.2,7-8 
IR has been proposed as the common pathogenetic 
mechanism in conditions clustered under the term of 
metabolic syndrome (MetS), including obesity, T2DM, 
dyslipidemia, hypertension, PCOS and NAFLD, all 
of which increase the risk for the abovementioned 
cardiovascular diseases and mortality, the endpoints 
of MetS.8 Based on the observation that IR is the 
common underlying factor, studies evaluating the 
association between PCOS and NAFLD are increas-
ing and are systematically summarized elsewhere.9 It 
seems that women with PCOS are possibly at risk for 
developing NAFLD and, conversely, NAFLD may 
be a risk factor for PCOS.9 However, the majority of 
relevant studies to date are not based on liver biopsy, 
regarded as the gold standard for the diagnosis of 
NAFLD,10 because it raises obvious ethical issues. 
Therefore, the use of non-invasive indices of hepatic 
injury is gaining increasing interest, as they offer 
an estimation of NAFLD stage and grade and thus 
may serve as accurate tools, at least for selection of 
patients for liver biopsy.11

The primary endpoints of this study were the evalu-
ation of non-invasive indices of hepatic steatosis and 

fibrosis in women: a) with PCOS vs. without PCOS; 
and b) with PCOS associated or not with MetS. The 
secondary endpoint of this study was the association 
of non-invasive indices of hepatic steatosis and fibrosis 
with variables related to sex hormones or IR.

patIents and methods

Patients

This was a one-center, cross-sectional study. Data 
were prospectively collected based on protocols of 
previous studies,7,12-13 but retrospectively reviewed for 
this study. Premenopausal women with PCOS and ap-
parently healthy female controls were recruited on an 
outpatient basis at the Gynecological Endocrinology 
Infirmary of the Second Department of Obstetrics 
and Gynecology, Aristotle University of Thessaloniki, 
Greece. Women with PCOS were referred to the Gy-
necological Endocrinology Infirmary for diagnostic 
evaluation and/or treatment; controls were healthy 
volunteers. All participants provided informed con-
sent. The study protocol conformed to the ethical 
guidelines of the 1975 Declaration of Helsinki and 
was approved by the institutional review board.

The inclusion criteria for the PCOS group were 
based on the revised criteria of ESHRE/ASRM, which 
require the presence of at least two of the following 
three features: 1) oligo- or anovulation (<8 sponta-
neous hemorrhagic episodes/year); 2) biochemical 
hyperandrogenemia [defined in our population as 
early follicular phase serum total testosterone >2.1 
nmol/L, corresponding to the mean + 2 standard 
deviations (SD) testosterone concentrations in 200 
control subjects measured in our laboratory] or clinical 
manifestations of hyperandrogenemia; and 3) poly-
cystic ovary morphology on ultrasound (≥12 small 
follicles in at least one ovary and/or ovarian volume 
>10 cm3).2 According to this definition, PCOS can be 
subdivided into four different phenotypes of PCOS: 
1) severe PCOS (when all three criteria are included); 
2) oligo- or anovulation and hyperandrogenemia; 3) 
ovulatory PCOS (hyperandrogenemia and polycystic 
ovary morphology); and 4) mild PCOS (oligo- or 
anovulation and polycystic ovary morphology).1 

The PCOS group was further subdivided based 
on the presence of MetS according to the definitions 
proposed by the International Diabetes Federation 
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(IDF). The reason for choosing this definition was 
that the same definition was applied for the estima-
tion of the NAFLD liver fat score, which is one of 
the non-invasive indices used in this study. 

Exclusion criteria for both PCOS and control 
groups were: 1) congenital adrenal hyperplasia (a 
short Synachten test was performed in all women with 
basal serum 17α-hydroxyprogesterone concentrations 
>1.5 ng/mL); 2) Cushing’s syndrome; 3) galactorrhea; 
4) androgen-secreting tumors; 5) ethanol consump-
tion >20 g/day; 6) history of liver cirrhosis or other 
liver disease (viral hepatitis, autoimmune hepatitis, 
primary sclerosing cholangitis, primary biliary cir-
rhosis, drug-induced liver disease, hemochromatosis, 
Wilson’s disease, α1-antitrypsin deficiency); 7) type 1 
diabetes mellitus; 8) uncontrolled hypothyroidism or 
hyperthyroidism; 9) adrenal insufficiency; 10) renal 
failure; 11) cancer; 12) pregnancy; 13) premature 
ovarian failure; 13) addiction to any drug; 14) use of 
the following medications within the last semester be-
fore screening: estrogens, androgens, anti-androgens, 
progestins, glucocorticosteroids, spironolactone, 
insulin, thiazolidinediones, ursodeoxycholic acid, 
ferrum, interferon, tamoxifene, amiodarone, biologic 
agents, any medication against tuberculosis, epilepsy 
or viruses, or any medication affecting hemostasis, 
such as antiplatelet agents or oral anticoagulants.

Methods

In all women, weight, height, waist circumference 
(WC) and hip circumference (HC) were measured. 
Baseline blood samples were collected after an over-
night fast between days 3 and 7 of the menstrual cycle 
in the control group and after a spontaneous bleeding 
episode in the PCOS group. The serum concentrations 
of follicle stimulating hormone (FSH), luteinizing 
hormone (LH), prolactin, total testosterone, Δ4-
androstenedione, dehydroepiandrosterone-sulphate 
(DHEAS), sex hormone-binding globulin (SHBG), 
insulin, glucose, total cholesterol, high-density lipo-
protein cholesterol (HDL-C), triglycerides, uric acid, 
aspartate transaminase (AST), alanine transaminase 
(ALT), gamma-glutamyl transferase (GGT), alkaline 
phosphatase (ALP) and platelets count were meas-
ured. The methodology used for serum measurements 
has been previously described in detail.13 The same 
experienced sonographer performed transvaginal 

ultrasonography on the same day as the blood was 
drawn; the volume and the number of small follicles 
(measuring 2–9 mm in diameter) of each ovary were 
determined.

The diagnoses of T2DM or impaired fasting glu-
cose (IFG) were based on the American Diabetes 
Association (ADA) definition; T2DM: either fasting 
plasma glucose ≥7 mmol/L or 2-h plasma glucose 
≥11 mmol/L during an oral glucose tolerance test 
(75 g anhydrous glucose dissolved in water), which 
was performed in all the participants; IFG: fasting 
plasma glucose 5.5-6.9 mmol/L.

Body mass index (BMI) was calculated by the for-
mula: body weight (kg)/height2 (m2). The waist-to-hip 
ratio (WHR), LH-to-FSH ratio and AST-to-ALT ratio 
were also calculated. Low-density lipoprotein choles-
terol (LDL-C) was estimated using the Friedewald 
formula. Free androgen index (FAI) was calculated 
by the formula: FAI = total testosterone (nmol/L)/
SHBG (nmol/L) X 100. IR, β-cell function and in-
sulin sensitivity were quantified by the homeostatic 
model of assessment (HOMA)-IR, HOMA-β and 
quantitative insulin sensitivity check index (QUICKI), 
respectively, by the formulas: HOMA-IR = fasting 
glucose (mmol/L) x fasting insulin (μU/mL)/22.5; 
HOMA-β = [20 * fasting insulin (μU/mL)]/[fasting 
glucose (mmol/L) – 3.5]; QUICKI = 1/[log(fasting 
insulin; μU/mL) + log(fasting glucose; mg/dL)].

Based on the available data, three non-invasive 
indices for hepatic steatosis [NAFLD liver fat score,14 
lipid accumulation product (LAP)15 and hepatic stea-
tosis index 9HIS16] and four indices for hepatic fibrosis 
[FIB-4,17 AST-to-Platelet Ratio Index (APRI),18 BMI 
Age ALT Triglycerides (BAAT)19 and BMI Age 
ALT Triglycerides (BARD)20] were estimated for 
all women with PCOS and controls. The required 
parameters and equations for each of these indices 
are presented in detail in Table 1.

Statistical Analysis 

Continuous data were presented as mean ± stand-
ard error of the mean (SEM). Categorical data were 
presented as frequencies. The Kolmogorov-Smirnov 
test was used to check the normality of distributions of 
continuous variables. The independent sample T-test 
or Mann-Whitney test was used for between-group 
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Table 1. Formulas of non-invasive indices for hepatic steatosis and fibrosis used for the study
Non-invasive index Required parameters Equation

NAFLD liver fat 
score 

MetS (yes=1/no=0) #
T2DM (yes=1/no=0)
Fasting serum insulin (mU/L)
AST (U/L)
AST/ALT (each in U/L)

-2.89 + 1.18 × (MetS) + 0.45 × (T2DM) + 0.15 × (fast-
ing serum insulin) + 0.04 × (AST) – 0.94 × (AST/ALT)

LAP WC (cm)
Triglycerides (mmol/L)

For women: (waist circumference – 58) × triglycerides

HIS ALT/AST (each in U/L)
BMI (kg/m2)
T2DM (yes=1/no=0)
Female (yes=1/no=0)

8 × (ALT/AST) + BMI + 2 × (female) + 2 × (T2DM)

FIB-4 Age (years)
AST (U/L)
ALT (U/L)
Platelets (N*103/μL)

(Age x AST) / (platelets x ALT1/2)

APRI AST (U/L) 
Platelets (N*103/μL)

100 × (AST/(upper normal limit of AST)) / platelets

BAAT Age	≥50 years (yes=1/no=0)
BMI ≥28 kg/m2 (yes=1/no=0)
Triglycerides ≥1.7 mmol/L (150 mg/dL) (yes=1/no=0)
ALT ≥2 times upper normal limit (yes=1/no=0)

Age + BMI + triglycerides + ALT

BARD BMI ≥28 kg/m2 (yes=1/no=0)
T2DM (yes=1/no=0)
AST/ALT ≥0.8 (yes=1/no=0)

BMI + T2DM + 2 × (ALT/AST)

#According to International Diabetes Federation (IDF) definition. 
ALT: alanine transaminase; APRI: AST to Platelet Ratio Index; AST: aspartate transaminase; BAAT: BMI Age ALT Triglycerides; 
BARD: BMI AST/ALT Ratio Diabetes; BMI: body mass index; HIS: hepatic steatosis index; LAP: lipid accumulation product; MetS: 
metabolic syndrome; NAFLD: non-alcoholic fatty liver disease; T2DM: type 2 diabetes mellitus; WC: waist circumference.

comparisons in cases of two groups of continuous 
variables. One-way analysis of variance (ANOVA) 
or the Kruskal-Wallis test (with Bonferroni post-hoc 
adjustment) was used for between-group compari-
sons in cases of more than two groups of continu-
ous variables. Analysis of covariance (ANCOVA) 
was used to adjust between-group comparisons for 
covariates. The chi-square or Fisher exact test was 
used for between-group comparisons of categorical 
variables. Spearman’s coefficient (rs) was used for 
binary correlations. Statistical analysis was performed 
with SPSS 21.0 for Macintosh (IBM Corp., Armonk, 
NY). Significance was set at a level of p<0.05.

results

Comparison between women with PCOS  
and controls 

Three hundred and fourteen women with PCOS 

and 78 controls were included in this study. The PCOS 
group was divided into: 1) severe (n=164); 2) oligo- or 
anovulation and hyperandrogenemia (n=89); 3) ovula-
tory (n=30); and 4) mild PCOS (n=31). Comparative 
data of the study groups are presented in Table 2. The 
control group was of significantly higher age compared 
with the PCOS group. As expected, BMI, WC and 
HC, testosterone, DHEAS, Δ4-androstenedione and 
FAI, LH, LH to FSH ratio were significantly higher, 
whereas SHBG and FSH were lower in the PCOS 
compared with the control group. Regarding liver 
function tests, ALP was significantly higher in the 
PCOS compared with the control group, whereas 
AST, ALT, GGT and AST to ALT ratio were similar 
between groups. Total and HDL-cholesterol were 
significantly higher in the control group, whereas 
LDL-C and triglycerides were not different between 
groups. Interestingly, serum uric acid was significantly 
higher in the PCOS compared with the control group. 
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Table 2. Comparative data between PCOS and control group
Control group PCOS group p-value * Reference range

Women (N) 78 314 - -
IFG [N (%)] 9 (11.5) 45 (14.3) 0.522 -
T2DM [N (%)] 1 (1.3) 6 (1.9) 0.707 -
MetS [N (%)] # 10 (12.8) 77 (24.5) 0.026 -
Age (years) 33.0 ± 0.5 26.1 ± 0.4 <0.001 -
BMI (kg/m2) 28.8 ± 0.7 31.7 ± 0.4 0.001 20-25
WC (cm) 87.8 ± 1.6 93.9 ± 0.9 0.002 <80
HC (cm) 108.9 ± 1.3 114.9 ± 0.2 <0.001 na
WHR 0.803 ± 0.008 0.815 ± 0.004 0.201 na
Testosterone (nmol/L) 1.21 ± 0.05 2.54 ± 0.06 <0.001 0.5-2.1
DHEAS (μmol/L) 5.40 ± 0.24 7.86 ± 0.20 <0.001 4.1-10.3
Δ4-androstenedione (nmol/L) 6.49 ± 0.28 9.81 ± 0.24 <0.001 3.5-13.3
SHBG (nmol/L) 60.6 ± 3.6 36.4 ± 1.3 <0.001 30-135
FAI 2.4 ± 0.1 9.7 ± 0.4 <0.001 <5
Prolactin (pmol/L) 517 ± 30 570 ± 17 0.077 130-1260
LH (U/L) 5.9 ± 0.5 7.7 ± 0.3 0.001 2-12.5
FSH (U/L) 6.3 ± 0.2 5.8 ± 0.1 0.040 2.5-10
LH to FSH ratio 1.00 ± 0.09 1.38 ± 0.05 <0.001 na
AST (U/L) 18.7 ± 0.8 20 ± 0.5 0.197 10-31
ALT (U/L) 25.8 ± 1.3 26.9 ± 0.9 0.768 10-34
AST to ALT ratio 0.820 ± 0.035 0.893 ± 0.026 0.180 na
GGT (U/L) 21.5 ± 1.7 (N=52) 20.6 ± 0.8 (N=144) 0.756 0-38
ALP (U/L) 71.3 ± 2.8 76.9 ± 1.2 0.046 30-120
Total cholesterol (mmol/L) 5.26 ± 0.13 4.97 ± 0.05 0.038 <5.2 §

HDL-C (mmol/L) 1.37 ± 0.05 1.29 ± 0.03 0.027 >1.3
LDL-C (mmol/L) 3.37 ± 0.10 3.16 ± 0.05 0.089 <4.1 §

Triglycerides (mmol/L) 1.07 ± 0.06 1.11 ± 0.03 0.867 <1.7
Uric acid (μmol/L) 250 ± 6 286 ±6 <0.001 155-393
Platelets (N x 103/μL) 278 ± 9 282 ± 4 0.655 140-400
Glucose (mmol/L) 5.44 ± 0.06 5.49 ± 0.06 0.603 3.3-5.6
Insulin (pmol/L) 82.7 ± 5.6 115.3 ± 4.2 <0.001 42-188
HOMA-IR 2.92 ± 0.21 4.15 ± 0.17 <0.001 na
HOMA-β 125 ± 8 179 ± 8 <0.001 na
QUICKI 0.335 ± 0.003 0.322 ± 0.002 0.001 na
NAFLD liver fat score -0.976 ± 0.159 -0.139 ± 0.117 <0.001 < -1.413: no steatosis

>1.257: steatosis
LAP 34.7 ± 3.1 43.3 ± 1.9 0.036 na
HIS 42.1 ± 0.8 44.6 ± 0.5 0.016 <30: no steatosis

>36: steatosis
FIB-4 0.400 ± 0.013 0.480 ± 0.020 <0.001 >1.3: advanced fibrosis
APRI 0.234 ± 0.012 0.241 ± 0.007 0.951 >0.85: advanced fibrosis

Data are presented as mean ± standard error of the mean (SEM) or frequency (percentage).
*Between-groups comparison (independent sample T-test or Mann-Whitney test). #According to International Diabetes Federation 
(IDF) definition. §For patients without other cardiovascular risk factors.
ALP: alkaline phosphatase; ALT: alanine transaminase; APRI: AST to Platelet Ratio Index; AST: aspartate transaminase; BMI: body 
mass index; DHEAS: dehydroepiandrosterone sulfate; FAI: free androgen index; FSH: follicle-stimulating hormone; GGT: gamma-
glutamyl transferase; HC: hip circumference; HDL-C: high density lipoprotein cholesterol; HIS: hepatic steatosis index; HOMA-IR: 
homeostatic model of assessment insulin resistance; IFG: impaired fasting glucose; LAP: lipid accumulation product; LDL-C: low 
density lipoprotein cholesterol; LH: luteinizing hormone; MetS: metabolic syndrome; na: not applicable; NAFLD: non-alcoholic fatty 
liver disease; PCOS: polycystic ovary syndrome; QUICKI: quantitative insulin sensitivity check index; SHBG: sex hormone-binding 
protein; T2DM: type 2 diabetes mellitus; WC: waist circumference; WHR: waist to hip ratio.
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Regarding IR, insulin, HOMA-IR, HOMA-β and 
frequency of MetS were significant higher, whereas 
QUICKI was lower in the PCOS compared with the 
control group (Table 2).

Regarding non-invasive indices, data for continu-
ous ones are presented in Table 2 and Figure 1 and 
those for categorical (BAAT and BARD) in Table 
3. All indices of hepatic steatosis (NAFLD liver fat 
score, LAP and HIS) were significantly higher in the 
PCOS than the control group (Table 2; Figure 1). 
Regarding hepatic fibrosis, FIB-4 and BAAT were 
higher in the PCOS group, whereas APRI and BARD 
were not (Tables 2 and 3). In any case, based on the 
indices of hepatic fibrosis, only a minority of PCOS 
women had advanced fibrosis: according to BAAT, 
there were only two (0.6%) PCOS women at stage 3 
and none at stage 4, whereas, according to BARD, 
only three (1%) PCOS women were at stage 4. By 
applying the thresholds for advanced fibrosis (F3-
F4) in FIB-4 and APRI, two (0.6%) and four (1.3%) 
PCOS women, respectively, were expected to have 
advanced fibrosis and no women in the control group. 

When patients with mild PCOS (without hyper-

androgenemia; n=31) were excluded, the results 
were essentially unchanged for all indices. Notably, 
statistical significance did not change when continu-
ous non-invasive indices were adjusted for age (Table 
4). FIB-4 was not adjusted for age as the latter was 
included in its calculation.

Correlations between the continuous non-invasive 
indices and parameters related to sex hormones and 
IR are summarized in Table 5.

Figure 1. Error bars (mean and 95% Confidence Interval) depicting: (A) NAFLD liver fat score; (B) LAP; (C) HIS; (D) FIB-4 and 
(E) APRI scores between PCOS women and controls. APRI: AST to Platelet Ratio Index; AST: aspartate transaminase; HIS: he-
patic steatosis index; LAP: lipid accumulation product; NAFLD: non-alcoholic fatty liver disease.

Table 3. Comparative data between PCOS and control group for 
BAAT and BART indices

Control group PCOS group p-value*

BAAT

0-1 [N (%)] 74 (94.9) 265 (84.4) 0.015

2-4 [N (%)] 4 (5.1) 49 (15.6)

BARD

0-1 [N (%)] 37 (47.4) 152 (48.4) 0.900

2-4 [N (%)] 41 (52.6) 162 (51.6)

Data are presented as frequency (percentage).
* Between-groups comparison (chi-square or Fischer exact test).
BAAT: BMI Age ALT Triglycerides, BARD: BMI AST/ALT 
Ratio Diabetes.
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Table 4. Comparative data of study groups for non-invasive indices 
after adjustment for age

Control group PCOS group p-value*

Women (N) 78 314 -

NAFLD liver 
fat score

-0.927 ± 0.241 -0.151 ± 0.113 0.005

LAP 30.1 ± 4 44.4 ± 1.9 0.002

HIS 41.9 ± 1 44.6 ± 0.5 0.017

APRI 0.224 ± 0.015 0.244 ± 0.007 0.260

Data are estimated marginal mean ± standard error of the mean 
(SEM) or frequency.
*Between-groups comparison (Analysis of covariance; ANCOVA).
APRI: AST to Platelet Ratio Index; AST: aspartate transaminase; 
HIS: hepatic steatosis index; LAP: lipid accumulation product; 
NAFLD: non-alcoholic fatty liver disease; PCOS: polycystic 
ovary syndrome.

(n=77) and without (n=237) MetS groups are pre-
sented in Table 6. Age was essentially similar between 
groups. As expected, data regarding anthropometric, 
metabolic (lipid profile and uric acid), IR and sex 
hormone (testosterone, SHBG and FAI) parameters 
were more favorable in PCOS women without MetS. 

Regarding the liver function tests, ALT, AST, 
GGT, but not ALP and AST to ALT ratio, were 
higher in PCOS women with MetS. All indices of 
hepatic steatosis (NAFLD liver fat score, LAP and 
HIS) were significantly higher in PCOS patients with 
than without MetS (Table 6). Regarding hepatic 
fibrosis, only BAAT was higher in PCOS patients 
with MetS, whereas FIB-4, APRI and BARD were 
similar (Tables 6 and 7). When patients with mild 
PCOS (without hyperandrogenemia; n=31) were 
excluded, the results were essentially unchanged for 
all indices. Notably, statistical significance did not 

Table 5. Correlations between non-invasive indices and variables related to sex hormones or insulin resistance

NAFLD liver fat score LAP HIS FIB-4 APRI

NAFLD liver fat score - - - - -

LAP 0.584 (<0.001) - - - -

HIS 0.594 (<0.001) 0.618 (<0.001) - - -

FIB-4 0.252 (<0.001) -0.011 (0.825) 0.368 (<0.001) - -

APRI 0.060 (0.236) -0.022 (0.665) 0.092 (0.067) 0.628 (<0.001) -

Testosterone (nmol/L) 0.217 (<0.001) 0.172 (0.001) 0.151 (0.003) -0.156 (0.002) -0.019 (0.701)

DHEAS (μmol/L) 0.048 (0.340) 0.045 (0.372) 0.069 (0.175) -0.222 (<0.001) -0.105 (0.037)

Δ4-androstenedione (nmol/L) 0.085 (0.094) 0.041 (0.413) -0.026 (0.609) -0.129 (0.010) 0.009 (0.854)

SHBG (nmol/L) -0.481 (<0.001) -0.518 (<0.001) -0.431 (<0.001) 0.273 (<0.001) 0.054 (0.282)

FAI 0.416 (0.001) 0.410 (<0.001) 0.350 (<0.001) -0.268 (<0.001) -0.053 (0.298)

LH (U/L) 0.039 (0.441) -0.071 (0.161) -0.075 (0.139) -0.094 (0.063) 0.006 (0.904)

FSH (U/L) -0.048 (0.347) -0.092 (0.069) -0.027 (0.596) 0.040 (0.432) 0.122 (0.016)

LH to FSH ratio 0.074 (0.146) -0.014 (0.782) -0.026 (0.602) -0.140 (0.006) -0.070 (0.165)

Prolactin (pmol/L) -0.095 (0.059) -0.065 (0.211) -0.104 (0.039) -0.071 (0.090) -0.084 (0.096)

Glucose (mmol/L) 0.372 (<0.001) 0.342 (<0.001) 0.283 (<0.001) 0.079 (0.120) 0.122 (0.016)

Insulin (pmol/L) 0.917 (<0.001) 0.557 (<0.001) 0.517 (<0.001) 0.275 (<0.001) -0.067 (0.186)

HOMA-IR 0.917 (<0.001) 0.571 (<0.001) 0.521 (<0.001) 0.268 (<0.001) -0.079 (0.118)

HOMA-β 0.747 (<0.001) 0.407 (<0.001) 0.394 (<0.001) 0.243 (<0.001) -0.010 (0.845)

QUICKI -0.917 (<0.001) -0.571 (<0.001) -0.521 (<0.001) -0.268 (<0.001) 0.079 (0.117)

Data are presented as Spearman’s coefficient of correlation; rs (p-value).
APRI: AST to Platelet Ratio Index; AST: aspartate transaminase; DHEAS: dehydroepiandrosterone sulfate; FAI: free androgen 
index; FSH: follicle-stimulating hormone; HIS: hepatic steatosis index; HOMA-IR: homeostatic model of assessment insulin resist-
ance; LAP: lipid accumulation product; LH: luteinizing hormone; QUICKI: quantitative insulin sensitivity check index; NAFLD: 
non-alcoholic fatty liver disease; SHBG: sex hormone-binding protein.

Comparison between women with and without MetS 

Comparative data between PCOS women with 
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Table 6. Comparative data between PCOS with and without MetS#

Non-MetS group MetS group p-value*

Women [N (%)] 237 (75.5) 77 (24.5) -
IFG [N (%)] 8 (3.4) 37 (48.1) <0.001
T2DM [N (%)] 1 (0.4) 5 (6.5) 0.004
Age (years) 25.8 ± 0.4 26.8 ± 0.8 0.287
BMI (kg/m2) 30.1 ± 0.4 36.8 ± 0.8 <0.001
WC (cm) 90.1 ± 0.9 104.1 ± 1.5 <0.001
HC (cm) 112.3 ± 0.8 122.7 ± 1.4 <0.001
WHR 0.804 ± 0.005 0.848 ± 0.007 <0.001
Testosterone (nmol/L) 2.48 ± 0.07 2.74 ± 0.12 0.016
DHEAS (μmol/L) 7.98 ± 0.24 7.49 ± 0.33 0.646
Δ4-androstenedione (nmol/L) 9.81 ± 0.28 9.81 ± 0.52 0.773
SHBG (nmol/L) 40 ± 1.5 25.6 ± 1.2 <0.001
FAI 8.6 ± 0.5 13 ± 1 <0.001
Prolactin (pmol/L) 587 ± 17 517 ± 26 0.079
LH (U/L) 7.8 ± 0.3 7.3 ± 0.6 0.428
FSH (U/L) 5.9 ± 0.1 5.5 ± 0.2 0.112
LH to FSH ratio 1.38 ± 0.06 1.37 ± 0.10 0.951
AST (U/L) 19.2 ± 0.5 22.2 ± 1.2 0.020
ALT (U/L) 25.8 ± 1 30.2 ± 2.4 0.046
AST to ALT ratio 0.903 ± 0.031 0.859 ± 0.041 0.461
GGT (U/L) 19.7 ± 0.8 (N=125) 26.5 ± 3 (N=19) 0.041
ALP (U/L) 76.8 ± 1.4 76.9 ± 2 0.981
Total cholesterol (mmol/L) 4.92 ± 0.06 5.19 ± 0.13 0.046
HDL-C (mmol/L) 1.38 ± 0.02 1 ± 0.02 <0.001
LDL-C (mmol/L) 3.08 ± 0.06 3.40 ± 0.11 0.012
Triglycerides (mmol/L) 0.94 ± 0.02 1.63 ± 0.08 <0.001
Uric acid (μmol/L) 268 ± 6 321 ± 6 <0.001
Platelets (N x 103/μL) 275 ± 4 304 ± 8 0.001
Glucose (mmol/L) 5.32 ± 0.03 5.98 ± 0.07 <0.001
Insulin (pmol/L) 100.7 ± 4.2 161.1 ± 11.8 <0.001
HOMA-IR 3.48 ± 0.14 6.22 ± 0.44 <0.001
HOMA-β 173 ± 10 196 ± 14 0.012
QUICKI 0.328 ± 0.002 0.302 ± 0.003 <0.001
NAFLD liver fat score -0.793 ± 0.099 1.874 ± 0.258 <0.001
LAP 33.4 ± 1.4 76.8 ± 4.9 <0.001
HIS 43 ± 0.5 49.8 ± 1 <0.001
FIB-4 0.400 ± 0.015 0.401 ± 0.024 0.984
APRI 0.239 ± 0.008 0.252 ± 0.016 0.881

Data are presented as mean ± standard error of the mean (SEM) or frequency (percentage).
*Between-groups comparison (independent sample T-test or Mann-Whitney test).
#According to International Diabetes Federation (IDF) definition.
ALP: alkaline phosphatase; ALT: alanine transaminase; AST: aspartate transaminase; BMI: body mass index; DHEAS: dehydroepi-
androsterone sulfate; FAI: free androgen index; FSH: follicle-stimulating hormone; GGT: gamma-glutamyl transferase; HC: hip cir-
cumference; HDL-C: high density lipoprotein cholesterol; HIS: hepatic steatosis index; HOMA-IR: homeostatic model of assessment 
insulin resistance; IFG: impaired fasting glucose; LAP: lipid accumulation product; LDL-C: low density lipoprotein cholesterol; LH: 
luteinizing hormone; MetS: metabolic syndrome; QUICKI: quantitative insulin sensitivity check index; NAFLD: non-alcoholic fatty 
liver disease; PCOS: polycystic ovary syndrome; SHBG: sex hormone-binding protein; T2DM: type 2 diabetes mellitus; WC: waist 
circumference; WHR: waist to hip ratio.
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Figure 2. Error bars (mean and 95% Confidence Interval) depicting: (A) NAFLD liver fat score; (B) LAP; (C) HIS; (D) FIB-4 and 
(E) APRI scores between PCOS patients with and without MetS. APRI: AST to Platelet Ratio Index; AST: aspartate transaminase; 
HIS: hepatic steatosis index; LAP: lipid accumulation product; MetS: metabolic syndrome; NAFLD: non-alcoholic fatty liver disease.

change when continuous non-invasive indices were 
adjusted for age (data not shown).

Similarly, when the comparison was performed 
among four groups [control/non-MetS (n=68) vs. 
control/MetS (n=10) vs. PCOS/non-Mets (237) vs. 
PCOS/MetS (n=77)], all indices of hepatic steatosis 
showed a trend towards higher values when moving 
towards PCOS and MetS [NAFLD liver fat score: 
p<0.001; LAP: p<0.001; HIS: p<0.001].

dIscussIon

To our knowledge, this is the first study reporting 
data on combined non-invasive indices of hepatic 
steatosis and fibrosis in women with PCOS, which 
are of relatively low cost and can be calculated on a 
routine basis. Indices of hepatic steatosis (NAFLD 
liver fat score, LAP and HIS) were significantly 
higher in the PCOS than the control group, as well 
as in PCOS women with than without MetS. How-
ever, regarding indices of hepatic fibrosis, FIB-4 and 
BAAT, but not APRI and BARD, were higher in the 
PCOS than the control group. In PCOS women with 
MetS, only BAAT was higher compared with PCOS 
women without MetS. When non-invasive indices 
were adjusted for age, the statistical significance 
remained essentially unchanged for all comparisons.

The results of this series seem to be clear for 
indices of hepatic steatosis, but not for those of 
fibrosis. This discordance in fibrosis indices may be 
partly attributed to the low rates of hepatic fibrosis 
expected in this cohort of relatively young women 
(26.1±0.4 years) with a low rate of T2DM (1.9%) 
and relatively low concentrations of triglycerides 

Table 7. Comparative data between PCOS women with and without 
MetS group for BAAT and BART indices

Non-MetS group MetS group p-value*

BAAT

0-1 [N (%)] 227 (95.8) 38 (49.4) <0.001

2-4 [N (%)] 10 (4.2) 39 (50.6)

BARD

0-1 [N (%)] 113 (47.7) 39 (50.6) 0.650

2-4 [N (%)] 124 (50.6) 38 (49.4)

Data are presented as frequency (percentage)
*Between-groups comparison (chi-square or Fischer exact test)
BAAT: BMI Age ALT Triglycerides; BARD: BMI AST/ALT Ratio 
Diabetes; MetS: metabolic syndrome.
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(1.11±0.03 mmol/L). As shown, only a minority of 
women with PCOS in this cohort were expected to 
have advanced fibrosis according to the thresholds 
of all fibrosis indices. However, the high rates of 
hepatic steatosis, together with higher IR (HOMA-
IR, HOMA-β, QUICKI) and obesity (BMI, WC) in 
their third decade, may possibly render PCOS women 
at higher risk for hepatic inflammation and fibrosis 
later in their life, given that approximately 15-30% of 
patients with non-alcoholic simple steatosis evolve to 
non-alcoholic steatohepatitis (NASH).6 Simple stea-
tosis consists mainly of steatosis, whereas NASH in 
addition to steatosis features progressive inflammation 
and fibrosis;6 this distinction is of importance, since 
simple steatosis progresses to cirrhosis in less than 
5% of cases, whereas NASH progresses to cirrhosis 
in 10-15% of cases over 10 years and in 25-30% of 
cases in the presence of advanced fibrosis.5,21 Further-
more, NASH, but not simple steatosis, predisposes 
to hepatocellular carcinoma.5,21

Regarding the indices of hepatic steatosis, similarly 
to our findings other studies have reported higher 
rates of ultrasound-proven hepatic steatosis in PCOS 
(31-73%) than non-PCOS controls (18-47%).22-25 
Steatosis was also shown to be positively associated 
with HOMA-IR23,26 and FAI23 but negatively with 
SHBG,23 as in our study. Hepatic fat, quantified by 
proton-magnetic resonance spectroscopy, was also 
found to be higher in women with PCOS (n=29) than 
in controls (n=22).27 Interestingly, hyperandrogenic 
women with PCOS (n=19) had higher IR and hepatic 
fat than non-hyperandrogenic ones (n=10).27 Likewise, 
in our study, women with PCOS with MetS had higher 
IR, higher testosterone concentrations and FAI and 
higher rates of indices for hepatic steatosis compared 
with PCOS women without MetS.

Contrary to our findings and existing literature, 
there is one study of 17 lean women with PCOS (with 
normal aminotransferases) and 17 controls in whom 
hepatic steatosis was not detected (by ultrasound and 
computed tomography) in any woman.28 The reasons 
for this inconsistency are not well understood, but the 
selection bias (lean women with normal liver function 
tests) may be a plausible cause. However, although 
obesity certainly predisposes to NAFLD,8 high rates 
of NAFLD (approximately 40%) have been reported 
even in lean and young PCOS women.26,29 

Data regarding hepatic fibrosis in women with 
PCOS are rather scarce because this requires liver 
biopsy which has to date been performed only on a 
very limited number of patients in relevant studies. 
In one study, six (of a total of 200 retrospectively 
evaluated) women with PCOS and persistent ami-
notransferase elevation underwent liver biopsy: all 
had NASH with fibrosis (3%).30 This low fibrosis 
rate is in accordance with our findings, based on 
non-invasive fibrosis indices. By contrast, in another 
study partly based on liver biopsy, women with PCOS 
(n=34; 25 subjected to liver biopsy; 11 with NASH) 
had a non-statistical trend towards higher rates for 
NASH than non-PCOS controls (n=32; 25 subjected 
to liver biopsy; 5 with NASH).31 Different rates of 
NASH between these studies may possibly reflect 
population differences and/or selection bias; further, 
large-scale studies are needed to clarify the prevalence 
of NASH in women with PCOS. However, irrespec-
tive of the rate of NASH, some women with PCOS 
have advanced fibrosis, even early in their lives, and 
they may benefit if NASH is diagnosed. Persistent 
aminotransferase elevation alone may provide an 
indication, but combined non-invasive indices (some 
of which contain AST and/or ALT) are currently re-
garded as more sensitive tools to select these patients 
for liver biopsy.11 

Data evaluating the reverse issue, being the rates 
of PCOS in NAFLD populations, are currently rather 
limited. In one study, 10 of 14 (71%) premenopausal 
women with NAFLD (biopsy-proven in 7, ultrasound-
proven in 7) were reported to have PCOS.32 In another 
study, patients with biopsy-proven simple steatosis 
and PCOS (n=12) had higher serum cytokeratin-18 
(M30) compared with those with simple steatosis but 
without PCOS (n=12), despite similar serum liver 
function tests, serum lipids and IR.31 However, the 
small sample size of both studies possibly resulted in 
low statistical power.

Indices of hepatic steatosis correlated with each 
other (Table 5). FIB-4 also correlated with APRI, 
NAFLD liver fat score and HIS, but not LAP. APRI 
did not correlate with indices of hepatic steatosis. All 
indices of hepatic steatosis correlated with insulin and 
IR in this study; FIB-4 also correlated with insulin and 
IR, although less strongly. This was expected given 
that IR contributes to the pathogenesis of hepatic 
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steatosis, but also, possibly to a lower degree, to the 
progression from the hepatic steatosis to NASH, 
which usually features fibrosis.8 Furthermore, all 
indices of hepatic steatosis correlated positively with 
testosterone and FAI but inversely with SHBG. Inter-
estingly, testosterone, DHEAS, Δ4-androstenedione 
and FAI inversely correlated with FIB-4. Likewise, 
higher concentrations of calculated free testosterone, 
bioavailable testosterone and FAI, whereas lower con-
centrations of SHBG, were shown in postmenopausal 
women with NAFLD than age- and BMI-matched 
controls.33 Although correlations cannot prove a 
cause-effect association, it could be speculated that 
hyperandogenemia, which is usually observed in 
women with PCOS, may play a permissive role in 
the pathogenesis of hepatic steatosis but a potential 
protective role in the progression to NASH. This 
hypothesis is in agreement with low fibrosis rates in 
PCOS women observed in this study, but requires 
validation from studies of different design. 

This study has certain strengths and limitations. 
It is a relatively large-scale study and the first based 
on seven different non-invasive indices of hepatic 
steatosis and fibrosis. On the other hand, the limita-
tions of the study are the following. 1) Data were 
retrospectively reviewed for the need of this study; 
however, they had been previously prospectively and 
systematically recorded for the need of other studies. 
2) The participants were not subjected to liver biopsy, 
regarded as the diagnostic gold standard;34 however, 
the performance of liver biopsy in young women 
with low or no burden of metabolic co-morbidity 
(i.e., T2DM, dyslipidemia) and low hepatic fibrosis 
risk raises obvious ethical considerations. 3) Other 
liver diseases were excluded on the basis of history 
and self-reporting and no specific tests were used for 
this aim; however, the rates of other liver diseases in 
this cohort of young women are expected to be very 
low. 4) The control group were of higher age than 
the PCOS group; however, although the prevalence 
of NAFLD increases with increasing age,5 women 
with PCOS had higher non-invasive indices, especially 
those related to hepatic steatosis, but also to FIB-4 
and BAAT (which also increase with increasing age), 
even if they were of lower age than controls. In any 
case, adjustment for age did not change the results. 
5) The control group had lower BMI and WC than 

the PCOS group; however, most of the presenting 
non-invasive indices (with the exemption of FIB-4 
and APRI) include a variable of adiposity (i.e., BMI, 
WC or metabolic syndrome), which implies a type 
of internal adjustment. 6) Data for GGT should be 
cautiously interpreted because they were available 
only for a subgroup of participants (66.7% of the 
control and 45.9% of the PCOS group, respectively). 
7) Other non-invasive indices of hepatic steatosis or 
fibrosis [i.e., fatty liver index (FLI), NAFLD fibrosis 
score, etc] were not calculated because at least one 
of the required parameters for their estimation was 
not available or was available only for a subset of the 
participants. 8) Liver ultrasound was not performed 
in this study, mainly due to its retrospective nature; 
however, the sensitivity (60-94%) and specificity (66-
100%) of liver ultrasound varies, being lower in obe-
sity,35 which usually co-exists with PCOS and NAFLD. 
In addition, it has low inter- and intra-observer vari-
ability and, most importantly, the ultrasound cannot 
provide information about hepatic fibrosis.35

In conclusion, indices of hepatic steatosis (NAFLD 
liver fat score, LAP and HIS) were all significantly 
higher in the PCOS than the control group, as well 
as in PCOS women with rather than without MetS 
in this study, indicating a common link, especially in 
the presence of MetS. Regarding indices of hepatic 
fibrosis, controversial results were retrieved, possibly 
because of the expected low rates of hepatic fibrosis 
in this series of young women with low relevant co-
morbidity. However, despite the low rate of hepatic 
fibrosis, the selection of these PCOS women with high 
NASH probability would be of paramount importance, 
since these women are expected to benefit the most 
from histological validation and subsequent lifestyle 
and pharmacological interventions. Further studies 
are warranted to validate hepatic steatosis and fibro-
sis indices in PCOS populations and to evaluate the 
long-term outcomes of these indices in PCOS women.
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