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ABSTRACT

OBJECTIVE: To investigate liver enzymes in a cohort of women with Polycystic Ovary Syndrome 
(PCOS) and controls divided according to body mass index (BMI) and their association with 
features of the syndrome. DESIGN: Eighty-three PCOS women and 64 healthy women were 
studied. Patients and controls were subdivided into two groups, a lean subgroup (BMI <25kg/
m2) and an overweight/obese subgroup (BMI >25kg/m2). Clinical history, height and weight 
were obtained and metabolic and hormonal parameters were determined. RESULTS: Serum 
fasting insulin, fasting glucose, HOMA-IR, triglycerides and total cholesterol were significantly 
higher (p<0.05) in women with PCOS compared to controls. No significant difference in serum 
liver enzymes levels between PCOS women and controls was detected. However, serum levels 
of alanine aminotransferase (ALT) (17.7 vs. 14.1 U/L, p<0.05) and γ-glutamyl transpeptidase 
(γGT) (17.9 vs. 13.4 U/L, p<0.05) were significantly higher in overweight/obese PCOS women 
compared with overweight/obese controls. In overweight/obese PCOS patients and controls, 
ALT levels were positively correlated with free androgen index (FAI) (r=0.25 p<0.05) and total 
testosterone levels (r=0.33 p<0.01). CONCLUSIONS: The finding of elevated liver enzymes 
in overweight/obese PCOS women raises the question of screening for non-alcoholic fatty liver 
disease in this group.
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been detected in approximately 30% of overweight/
obese women with PCOS.21,22 This prevalence rate 
significantly exceeds the population-based estimate 
for elevated aminotransferase levels14 and is further 
increased if stricter cutoffs are applied.22,24 A signifi-
cant elevation of aminotransferase levels (ALT and/or 
AST above 60 U/L) is highly likely to concur with the 
imaging finding of fatty infiltration in obese women 
with PCOS.22 Ultrasonographic evidence is more 
prevalent than the biochemical evidence of NAFLD 
in lean, overweight and obese PCOS women,25 but 
the use of a lower cutoff for ALT may significantly 
increase the sensitivity of this marker in identifying 
mild NAFLD.26

Overall, existing evidence of NAFLD in PCOS 
women is still scarce and presents certain limitations. 
Of the available studies, only one included a control 
group.24 Moreover, only one study included both lean 
and obese patients,25 while the others either included 
only overweight/obese patients or did not subdivide 
patients according to BMI.21,22 Additionally, serum 
levels of γGT were determined only in one of the 
available four studies.25

The aim of the present study was to investigate 
liver enzymes in a cohort of women with PCOS and 
controls divided according to BMI in order to explore 
a possible independent effect of PCOS and obesity on 
liver function and to uncover potential associations 
of serum liver enzymes with hormonal parameters 
and indices of insulin resistance.

PatIents and Methods

One hundred and forty-seven women of whom 83 
were consecutive patients with PCOS attending the 
PCOS–Endocrine Unit in Eugenideion University 
Hospital, were studied. PCOS was defined according 
to the 1990 National Institutes of Health consensus 
criteria.27 Participants were diagnosed with PCOS 
if they had oligo/amenorrhea (menstrual intervals 
>35 days) combined with clinical signs of androgen 
excess (hirsutism, Ferriman-Gallwey score >8) and/
or elevated serum levels of total testosterone, after 
the exclusion of other causes of irregular menstrual 
cycles or androgen excess (hyperprolactinemia, uncon-
trolled thyroid disease, congenital adrenal hyperplasia, 

IntroductIon

Polycystic ovary syndrome (PCOS) is the com-
monest endocrinopathy of premenopausal women1 
characterized by both reproductive and metabolic 
abnormalities.2 Women with PCOS commonly dis-
play a clustering of metabolic abnormalities, includ-
ing impaired glucose tolerance,3 insulin resistance,2 
dyslipidemia,4 increased prevalence of obesity,5,6 low-
grade chronic inflammation 7 and increased oxidative 
stress.8,9 Insulin resistance has been demonstrated 
in both obese and non-obese women with PCOS.2 
Non-alcoholic fatty liver disease (NAFLD) has been 
associated with insulin resistance10,11 and obesity.12

NAFLD is characterized by the accumulation 
of fat in the liver in the absence of excessive alcohol 
consumption. NAFLD encompasses a spectrum of 
histological changes extending from benign simple 
steatosis (non-alcoholic fatty liver − NAFL) to steato-
hepatitis (NASH), progressive fibrosis and, ultimately, 
cirrhosis.13 Although NAFLD is primarily a histologi-
cal diagnosis, elevated liver enzymes have been used as 
a noninvasive surrogate marker of NAFLD, provided 
that other potential causes of liver disease (chronic 
viral hepatitis, alcohol-induced liver disease, etc.) 
have been excluded. The typical pattern of abnormal 
liver biochemical profile includes increased serum 
aminotrasferases, with a predominant increase of 
alanine aminotransferase (ALT), relative to aspartate 
aminotransferase (AST), accompanied by elevated 
γ-glutamyl transpeptidase (γGT) levels.14,15 Although 
most patients with NASH will have elevated serum 
levels of transaminases, liver function tests (LFTs) 
may occasionally be normal.

Most intriguingly, recent research has drawn at-
tention to the “dose-dependent”, clinical significance 
of increasing ALT levels within the normal range. An 
increased ALT without overt hypertransaminasemia 
is a proposed independent predictor of imminent 
NAFLD.16 Additionally, several prospective studies 
have shown that increased ALT and γ-GT concen-
trations, still within the normal limits, predict the 
future development of type 2 diabetes mellitus and 
Cardiovascular (CV) events, independently of other 
known risk factors.17-20

Elevated ALT, above the level of 35 U/lt, has 
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Cushing’s syndrome, androgen-secreting tumor or 
pregnancy). Patients were subdivided into two groups 
according to their BMI value: the lean (BMI <25kg/
m2) subgroup (44 patients) and the overweight/obese 
(BMI ≥25kg/m2) subgroup (39 patients).

A group of 64 normo-androgenemic and regularly 
ovulating women, confirmed by progesterone levels 
on three consecutive cycles, served as the control 
group. Controls were also subdivided into two groups 
according to their BMI values. The lean subgroup 
included 34 subjects and the overweight/obese sub-
group included 30.

Lean and overweight/obese controls did not dif-
fer in age and BMI from the corresponding lean and 
overweight/obese patients. The exclusion criteria were 
the following: 1) a history of alcohol intake higher 
than 20 gr per day, 2) the use of oral contraceptives, 
insulin sensitizers or any other known medication 
which might interfere with metabolic or hormonal 
measurements during the three months preceding 
the entry to the study, 3) a history of chronic viral 
hepatitis, hemochromatosis, autoimmune liver disease, 
other chronic liver disease, 4) a history of medica-
tion use causing hepatotoxicity or elevation of liver 
enzymes, 5) a history of type 2 diabetes mellitus or 
fasting glucose ≥126 mg/dL.

Following a complete history, all women underwent 
clinical assessment and had anthropometric measure-
ments (weight, height). In each subject participating in 
the study the following parameters were determined 
after an overnight fast: glucose, lipids, AST, ALT, 
γGT, total and free Testosterone, sex hormone binding 
globulin (SHBG) and free androgen index (calculated 
as the ratio of total testosterone levels in nmol/l to 
SHBG levels in nmol/lt). The assays employed for 
endocrine and biochemical measurements have pre-
viously been reported.28 Liver enzymes (ALT, AST) 
were measured by the IFCC method, NADH without 
P-5΄-P, and γGT with L-Gamma-Glutamyl-3-Car-
boxyl-4-nitroanilide substrate by Abbott Chemistries. 
Insulin resistance was assessed by the HOMA-IR 
index as: fasting serum insulin (μU/ml) x fasting 
plasma glucose (mmol/l)/22.5.29 Informed consent 
was obtained from every participant in the study and 
the study was approved by the Ethics Committee of 
the Laiko general hospital.

Statistical analysis

Results are presented as mean (SD). Normality 
of the data was tested according to the Kolmogorov-
Smirnov test. Differences between the PCOS and 
control groups were detected using the unpaired 
Student’s t test and Mann-Whitney test as appropri-
ate. Correlations between variables were evaluated 
by Pearson’s and Spearman’s correlation coefficients. 
The chi-square test was used to compare prevalence 
rates of different parameters among groups. Stepwise 
multiple regression analysis was conducted to inves-
tigate the impact of PCOS status and the parameters 
measured on the liver enzymes. A p value <0.05 was 
considered significant. All statistical analyses were 
performed using SPSS 13.0 for Windows (SPSS, Inc., 
Chicago, IL).

results

Women with PCOS and controls did not differ in 
age and BMI. The values of liver enzymes did not 
differ between the total group of PCOS women and 
controls (Table 1). The percentage of women in the 
entire PCOS group having elevated liver enzymes 
(>25 U/L) was 12% (10/83) for ALT and 7.2% (6/83) 
for γGT, while the corresponding percentages in 
the control group were 4.6% (3/64) and 1.5% (1/64) 
(p=0.12 and p=0.11, respectively). Women with PCOS 
had higher serum levels of Testosterone (T), fTesto 
and Free Androgen Index (FAI), and lower levels 
of SHBG (p <0.05). Serum fasting insulin, fasting 
glucose, HOMA-IR, Triglycerides (Trg) and Total 
Cholesterol were significantly higher (p <0.05) in 
patients than in controls (Table 1).

Lean and overweight/obese controls did not differ 
in age and BMI from the respective subgroup of PCOS 
patients. Both lean and overweight/obese women with 
PCOS had significantly higher total testosterone levels 
compared to the levels in the respective subgroups of 
controls (p <0.001). Lean women with PCOS as com-
pared to lean controls had significantly higher fasting 
glucose levels (p <0.01), higher fasting insulin levels 
(p <0.05), higher HOMA-IR (p <0.01) and higher 
triglyceride levels (p <0.05). Total cholesterol levels 
were not significantly different though marginally 
higher in lean PCOS women than in lean controls. 
Serum levels of liver enzymes, namely AST, ALT 
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Table 1. Anthropometric, hormonal and biochemical characteristics 
of patients with polycystic ovary syndrome (PCOS) and controls 
(mean SD).

Variable PCOS (Ν=83)
Controls 
(Ν=64) Ρ

Age(years) 25.0 ± 4.9 26.6 ± 4.0 0.06*

BMI (kg/m2) 25.8 ± 4.6 24.7 ±4.6 0.17**

Glucose (mg/dl) 94.2±13.7 82.2 ± 12.5 <0.001*

Insulin (μU/ml) 10.0 ± 6.7 7.5 ± 4.3 <0.05**

HOMA-IR 2.3 ± 1.8 1.5 ± 0.9 <0.01**

AST (U/L) 18.5 ± 7.3 17.7 ± 3.8 0.41**

ALT (U/L) 15.9 ± 9.9 13.7 ± 6.5 0.14**

γGT (U/L) 14.3 ± 7.4 12.4 ± 4.5 0.07**

TChol (mg/dl) 185.0±41 171.4±22 <0.05*

Trg (mg/dl) 80.4±39.2 67.1±33.9 <0.05**

Testo (nmol/L) 2.8 ± 1.2 1.7 ± 0.5 <0.001*

fTesto (pg/ml) 2,3 ± 1,2 1,7 ± 0,5 <0,01*

SHBG (nmol/l) 39.7 ± 22.1 51.0 ± 27.8 <0.05*

FAI % 9.6± 7.0 5.0 ± 4.4 <0.001*
*unpaired t-test, **Mann-Whitney test, BMI: body mass index, HOMA-IR:
homeostasis model assessment, AST: aspartate aminotransferase, ALT: alanine 
aminotransferase, γGT: γ-glutamyl transpeptidase, TChol: total cholesterol, 
Trig: triglycerides, Testo: total testosterone, fTesto: free testosterone, SHBG:
sex hormone-binding globulin, FAI: free androgen index. Conversion factors 
for SI units are as follows: fTesto, pmol/l = pg/ml x 3.467; Glucose, mmol/l 
= mg/dl x 0.0555; Insulin, pmol/l = μU/ml x 7.175; TChol, mmol/l = mg/dl x 
0.02586; Trg, mmol/l= mg/dl x 0.0113

and γGT, were not significantly different between 
the two lean subgroups (Table 2). The prevalence 
of elevated ALT levels (>25 U/L) was 4.5% (2/44) 
in lean PCOS women and 5.9% (2/34) in lean con-
trols (p=0.79). None of the lean patients or controls 
exhibited elevated γGT levels. In addition, none of 
the lean controls exhibited elevated insulin (>12.5 
μU/ml), fasting glucose >105 mg/dl or insulin resist-
ance (HOMA-IR >2.5), the respective percentages 
in lean PCOS women being 6.8% (3/44), 9.1% (4/44) 
and 13.6% (6/44), compared to controls (p=0.12, 
p=0.07 and p <0.05, respectively).

Overweight/obese women with PCOS compared 
to overweight/obese controls had significantly higher 
fasting glucose (p <0.001), fasting insulin (p <0.05), 
HOMA-IR (p <0.05) and triglyceride values (p 
<0.05). Total cholesterol levels and AST serum lev-
els were not significantly different between the two 
groups. However, serum levels of ALT and γGT were 

significantly higher in overweight/obese PCOS women 
compared to the respective values in overweight/obese 
controls (p<0.05) (Table 2). The percentage of over-
weight/obese PCOS with elevated liver enzymes (> 
25 U/L) was 20.5% (8/39) for ALT and 15.4% (6/39) 
for γGT, whereas the percentage in overweight/obese 
controls was 3% (1/30) for both ALT and γGT (ALT: 
p<0.05, γ-GT: p=0.10). The prevalence of insulin 
resistance, increased fasting glucose and increased 
fasting insulin in overweight/obese PCOS patients 
was 46.2% (18/39), 28.2% (11/39) and 38.5% (15/39), 
respectively, and in overweight/obese control subjects 
the respective values were 23.3% (18/39), 0% and 30% 
(9/30) (p=0.051, p<0.01 and p=0.46, respectively).

Overweight/obese PCOS patients had higher values 
of insulin resistance and exhibited elevated andro-
gens, ALT and γGT levels when compared to lean 
PCOS patients [HOMA: 3.4±2.1 vs 1.5±0.6 p<0.001 
(unpaired t-test), FAI: 11.4±7.1 vs 7.9±6.6 (unpaired 
t-test), ALT: 17.7±12.2 vs 12.5±5.8 p<0.01 (Mann-
Whitney test), γGT: 17.9±9.1 vs 11±3 p<0.001 (un-
paired t-test)]. Overweight/obese controls had higher 
HOMA levels than their lean counterparts [2±1.1 vs 
1.1±0.5 p<0.001 (unpaired t-test)] with no difference 
in the levels of androgens or in liver enzymes.

In overweight/obese PCOS patients, γGT levels 
correlated with BMI (Pearson’s r=0.35 p<0.05), 
fasting glucose (Pearson’s r= 0.43 p<0.01), fasting 
insulin (Pearson’s r=0.61 p<0.001), HOMA (Pearson’s 
r=0.6 p<0.01) and Trg (Pearson’s r=0.43 p<0.01) 
levels, while ALT correlated with insulin (Spearman’s 
r=0.44 p<0.01), HOMA (Spearman’s r=0.42 p<0.05) 
and Trg (Spearman’s r=0.35 p<0,05). In lean PCOS 
patients, both γGT and ALT correlated positively with 
Trg levels (Pearson’s r=0.31 p<0.05 and Pearson’s 
r=0.43 p<0.01, respectively). In overweight/obese 
PCOS patients and in their respective controls, ALT 
levels were positively correlated with free androgen 
index (FAI) (Spearman’s r=0.25 p<0.05 and Pearson’s 
r=0.77 p<0.05, respectively) and total testosterone 
levels (Spearman’s r=0.33 p<0.01 and Pearson’s 
r=0.74 p<0.05, respectively), while SHBG levels were 
negatively correlated with ALT (Spearman’s r= -0.23 
p<0.05 and Pearson’s r=-0.26 p<0.05, respectively) 
and γGT(Spearman’s r= -0.28 p<0.05 and Spearman’s 
r=-0.30 p<0.05, respectively).
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Stepwise multiple regression analysis revealed that 
BMI and HOMA index have the highest impact on the 
variability of liver enzymes. The R-Squared statistic 
indicates that the two predictors explain 35.4 % of 
the variability for γGT and 17.7% for ALT, respec-
tively. The equations of the fitted models are [γGT 
= 0.693733 + 0.36661 ×	BMI + 1.65396 ×	HOMA] 
(F-ratio=36.58, p<0.001) (BMI: p<0.01, HOMA: 
p<0.001) and [ALT = 2.39961 + 0.377264 ×	BMI + 
1.59366 ×	HOMA] (F-ratio=14.39, p<0.001) (BMI: 
p<0.05, HOMA: p<0.01).

dIscussIon

In this cohort of premenopausal women it was 
demonstrated that overweight/obese women with 
PCOS have elevated serum levels of ALT and γGT 
as compared with the respective levels in the control 
groups of comparable age and BMI. However, we did 
not identify any significant difference in serum liver 
enzymes between lean PCOS and lean controls and 
between the total PCOS and total control population. 
The lean PCOS group exhibited higher insulin resist-

ance expressed by HOMA-IR than the respective 
control group, but the absolute level of HOMA-IR 
in lean PCOS is below the accepted cutoff level for 
insulin resistance. These findings suggest that obesity 
and the severity of insulin resistance appear to have an 
additive effect on elevated liver enzymes. This is also 
shown by the positive correlation of HOMA-IR and 
BMI with γGT and ALT and is further supported by 
the outcome of multiple regression analysis indicating 
that HOMA-IR and BMI and not the PCOS status 
appear to be the major determinants of both γ-GT 
and ALT in our cohort.

In most previous studies, in which BMI and age 
matched controls were not included, increased se-
rum aminotransferases, and especially ALT, and 
an increased prevalence of NAFLD were found in 
PCOS women.21,22,25 Their conclusions, however, of 
an increased prevalence of hypertransaminasemia 
and of NAFLD in PCOS were based on comparisons 
with the respective prevalence rates reported in the 
general population. The mild metabolic derange-
ment as well as the relatively lower mean BMI in 

Table 2. Baseline anthropometric, biochemical and hormonal characteristics in overweight/obese and lean PCOS patients and in controls 
(mean±SD)

Variable
Lean

Ρ
Overweight/obese

ΡPCOS (Ν=44) Controls (Ν=34) PCOS (Ν=39) Controls (Ν=30)

Age (years) 23.6±4.5 24.9±2.5 0.14* 26.4±4.8 28.5 ± 3.8 0.08*

BMI (kg/m2) 22.0±1.6 21.4±1.6 0.11* 30.1±2.8 28.5 ± 1.6 0.07*

Glucose (mg/dl) 88.6±11.2 81.5±11.2 <0.01* 100.1±13.9 83.1 ± 14.1 <0.001*

Insulin (ìU/ml) 6.8±2.9 5.4±2.0 <0.05** 13.6±2.9 9.9 ± 4.9 <0.05*

HOMA-IR 1.5±0.6 1.1±0.5 <0.01** 3.4±2.1 2.0 ± 1.1 <0.05*

AST (U/L) 18.3±8.5 18.2±2.9 0.93** 18.8±5.7 17.2 ± 3.6 0.18*

ALT (U/L) 12.5±5.8 13.4±6.1 0.52* 17.7±12.2 14.1 ± 7.0 <0.05**

ãGT (U/L) 11.0±3.0 11.4±3.5 0.61* 17.9±9.1 13.4 ± 5.2 <0.05**

TChol (mg/dl) 179.5±44.6 168.3±26.4 0.20* 191.4±36.5 174.7±31.3 0.05*

Trg (mg/dl) 66.7±24.2 56.2±14.0 <0.05* 95.1±47.2 79.4 ± 44.6 <0.05*

Testo (nmol/L) 2.8±1.3 1.9±0.4 <0.001* 2.8±1.2 1.8 ± 0.3 <0.001*

fTesto (pg/ml) 2.1±1.0 1.7±0.6 0.05* 2.8±1.6 1.6 ± 0.4 <0.05*

SHBG (nmol/l) 49.1±25.7 54.7±23.2 0.34* 30.6±12.6 46.9 ± 31.9 <0.01*

FAI % 7.9±6.6 4.1±2.1 <0.01* 11.4±7.1 6.0 ± 5.9 <0.01*
* unpaired t-test, **Mann-Whitney test , BMI: body mass index, WHR: waist-to-hip ratio, HOMA-IR: homeostasis model assessment, 
AST: aspartate aminotransferase, ALT: alanine aminotransferase, γGT: γ-glutamyl transpeptidase, TChol: total cholesterol, Trig: 
triglycerides, Testo: total testosterone, fTesto: free testosterone, SHBG: sex hormone-binding globulin, FAI: free androgen index. 
Conversion factors for SI units are as follows: fTesto, pmol/l = pg/ml x 3.467; Glucose, mmol/l = mg/dl x 0.0555; Insulin, pmol/l = 
μU/ml x 7.175; TChol, mmol/l = mg/dl x 0.02586; Trg, mmol/l= mg/dl x 0.0113



204	 F.	EConoMoU	Et	AL

the subjects of our study might account for the lower 
levels of serum aminotransferases as compared to 
the previously reported levels in PCOS women.21,22 
In other words, our patient population consisted of 
subjects without overt metabolic abnormalities; the 
triglyceride levels in PCOS women were higher than 
in controls but still remained within normal limits. 
In previous studies, lean PCOS patients did not ex-
hibit evidence of NAFLD or elevated liver enzymes 
in respect to lean controls,23 whereas obese PCOS 
women were shown to have significantly elevated 
liver enzymes in comparison to controls,24 findings 
that are in agreement with our results, although to 
a moderate degree since our study population was 
relatively less obese.

Insulin resistance was present in 41.6% of the 
overweight/obese PCOS women and 23.3% in over-
weight/obese controls, whereas it was present in 13.6% 
of the lean PCOS women and in none of the lean 
controls. The values of hepatic enzymes (γGT, ALT) 
in overweight/obese PCOS women were positively 
correlated with BMI, HOMA-IR and triglycerides 
levels, the latter being an indirect indicator of insulin 
resistance.

Since ultrasound findings usually precede liver 
biochemistry abnormalities,25 the fact that a previous 
study in lean PCOS has shown positive u/s findings 
compatible with fatty liver with normal liver enzymes 
should not be considered as contradicting our find-
ings. In that study, normal serum aminotransferases 
coexisted with u/s findings compatible with NAFLD 
in a significant proportion of lean and obese patients 
with PCOS.25 In the same study, patients with PCOS 
were subdivided into various BMI groups and were 
investigated for NAFLD, but without a control group. 
An additional confounder was the fact that 64% of pa-
tients were receiving some form of pharmacotherapy, 
namely metformin and/or oral contraceptives, at the 
time of evaluation.25 Additionally, subjects included 
in this and other studies24,25 differed from our study 
population in ethnic composition.

As mentioned above, all lean patients had a nor-
mal lipid profile which was comparable to that in 
controls, with the exception of serum triglycerides, 
which nevertheless remained within normal limits. 
Although fasting serum insulin and glucose levels 

were higher in lean patients than in lean controls, 
only 3 out of 38 lean patients had marginal fasting 
hyperinsulinemia. Moreover, none of the lean PCOS 
patients had fasting hyperglycemia. This may explain 
the lack of detectable differences in serum liver en-
zymes in lean patients in our study compared with 
their lean controls.

The positive correlation of ALT with total testo-
sterone and FAI, shown for the first time, may indicate 
an additional adverse effect of hyperandrogenemia 
on liver biochemistry30 in PCOS. This effect is further 
demonstrated by the finding that overweight/obese 
PCOS patients were more insulin resistant and had 
higher ALT, γGT and FAI levels compared with lean 
PCOS, whereas overweight/obese controls, despite 
being more insulin resistant than their lean coun-
terparts, did not exhibit higher liver enzymes. This 
association between androgen and liver enzyme levels 
could be an indirect reflection of insulin resistance 
and compensatory hyperinsulinemia, which may 
stimulate ovarian androgen production in PCOS 
women31,32 and also inhibit hepatic production of 
SHBG,33 further increasing FAI.

Serum aminotransferase levels should not be con-
sidered as accurate diagnostic indicators of NAFLD. 
The complete histological spectrum of NAFLD was 
reported in patients with normal ALT activity34 and 
a falsely normal ALT can be seen in 30% of indi-
viduals with NASH.35 Conversely, increased ALT 
not associated with fatty liver has been observed in 
obese subjects.36

On the other hand, numerous studies have shown 
that NAFLD comprises by far the commonest histo-
logical diagnosis in subjects with unexplained eleva-
tions of liver enzymes, after excluding known causes 
of liver dysfunction.37-40 In particular, ALT might be 
a preclinical marker of NAFLD. A slightly increased 
serum ALT concentration might reflect subclinical 
(or ultrasonographically undetectable) early fatty 
changes in the liver (hepatic steatosis), which precedes 
the overt NAFLD.41 In a large healthy, non-diabetic 
population, increasing ALT concentration, even within 
the reference range, was an independent predictor of 
NAFLD assessed by ultrasonography, irrespective of 
potential confounders, including BMI, alcohol con-
sumption, CRP, HOMA-IR, fasting glucose, lipids 
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and blood pressure.41 This relationship remained even 
after adjustment for diabetes and weight gain.

Οur findings in lean and overweight/obese women 
with PCOS may have a dual importance. Since over-
weight/obese women with PCOS appear to be more 
prone to develop NAFLD, screening for NAFLD 
in obese and/or overweight PCOS women is most 
likely indicated. Serum liver biochemistry should 
be determined in these women in combination with 
ultrasonographic evaluation for the detection of fatty 
liver infiltration. NAFLD is no longer considered to 
be devoid of long-term health implications. Although 
uncomplicated hepatic steatosis (NAFL) may be a 
benign condition, it has the potential to progress to 
NASH, which is an established cause of ‘cryptogenic’ 
cirrhosis.42 Using both liver function tests and ultra-
sound, NASH may be diagnosed earlier and prompt 
an early stage approach that could reduce its impact 
on the patient’s health in conjunction with lifestyle 
modifications43 and/or insulin-sensitizing agents.44 
Both NAFLD and elevated serum liver enzymes—in-
dependently of NAFLD—emerge as novel components 
of the metabolic syndrome and may be considered 
as risk factors for type 2 diabetes and cardiovascular 
disease. Additionally, neither insulin resistance nor 
hyperandrogenemia were found to alter the hepatic 
profile in the subgroup of lean PCOS women. Obesity 
and insulin resistance appear to be the aggravating 
factors for disturbed hepatic biochemical profile in 
women with PCOS compared to controls.

In conclusion, it is advisable to look for NAFLD 
and abnormal hepatic liver enzymes mainly in over-
weight/obese PCOS women since higher ΒΜΙ and 
insulin resistance appear to be the major factors 
influencing liver enzymes elevation.
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