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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




