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Hepatic enzyme concentrations as indicators
of nonalcoholic fatty liver disease
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ABSTRACT

Nonalcoholic fatty liver disease (NAFLD) has emerged as a world-wide problem
because it runs an asymptomatic course, ultimately leading to cirrhosis of the liver
and portal hypertension, resulting in death. The prevalence of the disease accounts
for 3-24% of the population in several countries. Generally there are increased
concentrations of hepatic enzymes as markers of liver damage, such as serum
glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase
(SGPT) and gamma glutamyl transferase (GGT). The aim of the present study was
to determine the concentrations of hepatic enzymes as markers of NAFLD. The
study design was cross-sectional, involving 90 subjects meeting the inclusion and
exclusion criteria. The degree of severity NAFLD was determined by ultrasonog-
raphy and the concentrations of SGOT, SGPT and GGT by automated clinical
chemistry analyzer. The results indicated that there were 32 subjects with mild
NAFLD (35.6%), 35 subjects with moderate NAFLD (38.9%) and 23 subjects
with severe NAFLD (25.6%). There was a significant difference in degree of
NAFLD by gender (p<0.05), where severe NAFLD was more frequent in males
than in females. Concentrations of SGOT, SGPT and GGT were significantly dif-
ferent between degrees of NAFLD (p<0.05). The conclusion is that SGOT, SGPT
and GGT concentrations are indicators of degree of NAFLD.

Keywords: Nonalcoholic fatty liver disease, liver enzyme concentrations, ultra-
sonography

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD)
is a pathological clinical condition with a wide
spectrum, including steatosis and steatohepatitis,
with a potential for cirrhosis and hepatoma. The

incidence of NAFLD varies with ethnicity or
culture and with gender.(1) According to the
American Association for the Study of Liver
Disease, NAFLD is a condition characterized by
excessive accumulation of fat in the liver of 5-
10% of the weight of the liver and the presence
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of fat-containing hepatocytes on microscopic
examination.(2)

NAFLD is a sufficiently important problem
because it runs an insidious asymptomatic course
and ultimately causes cirrhosis of the liver and
portal hypertension, culminating in death.(3) The
prevalence of NAFLD has been reported to
account for 3-24% of the population of several
countries, in parallel with the concomitant
increase in the prevalence of diabetes and
obesity, while the disease is the leading cause of
liver disease in Western countries.(4-6) NAFLD
is also associated with type 2 diabetes, as 70%
of patients with type 2 diabetes has steatosis, as
determined by ultrasonography.(7) In addition,
visceral obesity in adults is considered to be the
main risk factor for developing steatosis.(1)

The majority of patients with NAFLD are
asymptomatic, although commonly having
elevated circulatory concentrations of markers
of hepatic damage, such as serum glutamic
oxaloacetic transaminase (SGOT), serum
glutamic pyruvic transaminase (SGPT) and
gamma glutamyl transferase (GGT).(4,8) SGPT is
closely associated with accumulation of fat in
the liver, such that in epidemiological studies
SGPT is commonly used as surrogate marker of
NAFLD. Elevated concentrations of SGPT are
frequently associated with obesity and the
metabolic syndrome.(4,9,10) GGT is considered to
be a sensitive but nonspecific indicator of hepatic
damage and is the main component of
intracellular antioxidant defenses. The
association of GGT with diabetes is due to
hepatic dysfunction as a result  of fatty
infiltration of the liver and this effect is
considered to be capable of increasing oxidative
stress.(11)

On the basis of the above mentioned
discussion, the purpose of the present study was
to determine the concentrations of hepatic
enzymes as markers of NAFLD.

METHODS

Research design
The study was designed as a cross-sectional

study, conducted from April to September 2008
in Hospital X in Jakarta.

Study subjects
The study subjects were patients with

NAFLD, chosen consecutively from outpatients
visiting the Hepatology clinic of Hospital X and
meeting the following inclusion criteria: male
and females aged 20-66 years, suffering from
NAFLD as proven by ultrasonography (USG).
The exclusion criteria were alcoholics and/or
patients with hepatitis B and/or hepatitis C. On
USG examination, NAFLD may be graded into
three stages, namely mild, moderate, and
severe.(12) In mild NAFLD there is hepatomegaly
with increased echogenicity of the hepatic
parenchyma, designated as bright liver, where
the diaphragmatic dome and all hepatic vascular
structures are clearly visualized. In moderate
NAFLD, in addition to increasing echogenicity
of the hepatic surface, there is decreased
echogenicity of the parenchyma of the
subsurface areas, the diaphragm is somewhat
hypoechogenic and the peripheral hepatic
vascular structures become increasingly difficult
to recognize. In severe NAFLD, the echogenicity
of the hepatic surface is enhanced and most of
the subsurface hepatic parenchyma is
hypoechogenic whilst the diaphragm and the
hepatic vascular structures are difficult to
identify.

Measurements
The specimens to be examined, consisting

of 5 mL venous blood taken from the cubital vein
were collected in tubes without anticoagulant.
The serum was separated from the blood
maximally one hour after collection. The blood
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was centrifuged at 3000 rpm for 10 minutes, then
the serum was put in a sample cup for
determination of the SGOT, SGPT and GGT
activities.  SGOT and SGPT levels were
determined by the IFCC method without
pyridoxal phosphate activation, whereas
determination of GGT was by the Szasz method
using 66-3’ carboxy-4-nitranilide at 37ºC. The
determinations were performed with a Hitachi
912 analyzer.

Data analysis
The collected data were analyzed by means

of SPSS version 11.5. Chi-square tests were done
to analyze the difference of degree of NAFLD
between genders. To compare the hepatic
enzyme concentration between degrees of
NAFLD, analysis of variance (ANOVA) was
performed. All the reported p values were 2-
tailed, and values of p<0.05 were considered to
be statistically significant.

RESULTS

The study involved 90 persons, consisting
of 28 males (31.1%) and 62 females (68.9%),
within the age range of 20-66 years. On USG
examination, there were 32 subjects with mild
NAFLD (35.6%), 35 subjects with moderate
NAFLD (38.9%) and 23 subjects with severe
NAFLD (25.6%).

Findings for risk factors for NAFLD were
as follows: 53 subjects with one risk factor
(58.9%), 31 subjects with two risk factors (34.4%)
and 6 subjects with three risk factors (6.7%). In
subjects with one risk factor, the most frequently
encountered risk factor was hypercholesterolemia
(15.5%), followed in descending order of
frequency by diabetes mellitus (14.4%) and
obesity (10.0%). In subjects with two risk factors,
there were combinations of risk factors, such as
obesity and hypercholesterolemia, obesity and
diabetes mellitus, diabetes mellitus and

hypertension. In subjects with three risk factors,
the combinations were diabetes mellitus-
hypertension-dyslipidemia and diabetes mellitus-
hypertension-obesity (Table 1).

Among the subjects with mild NAFLD there
were 9 males (28.1%) and 23 females (71.9%).
Subjects with moderate NAFLD comprised 7
males (20%) and 28 females (80%) and those
with severe NAFLD consisted of 12 males
(52.2%) and 11 females (47.8%). The Chi-square
test by gender and degree of NAFLD
demonstrated a significant difference in degree
of NAFLD between males and females (p<0.05).
The proportion of severe NAFLD in males
(42.9%) was significantly higher than in females
(17.7%), as may be seen from Table 2. A
subtantial proportion of the subjects (36.0%) was
in the age group of > 50 years. However, the

Variable    n (%)
Degree of NAFLD

 Mild    32 (35.6)
 Moderate    35 (38.9)
 Severe    23 (25.6)

NAFLD risk factors
        Dyslipidemia    11 (12.2)

DM    13 (14.4)
Hypercholesterolemia    14 (15.5)
Hypertriglyceridemia      4 (4.4)
Hypertension      2 (2.2)
Obesity       9 (10)
Dyslipidemia + Hypertension      3 (3.3)
Dyslipidemia + DM      5 (5.5)
DM + Hypercholesterolemia      3 (3.3)
DM + Hypertriglyceridemia      1 (1.1)
DM + Hypertension    10 (11.6)
Hypercholesterolemia + Hypertension      1 (1.1)
Obesity + Dyslipidemia      2 (2.2)
Obesity + DM      1 (1.1)
Obesity + Hypercholesterolemia      5 (5.5)
Three risk factors*      6 (6.6)

Table 1. Distribution of degrees and
risk factors of NAFLD

*DM-hypertension-dyslipidemia and obesity-DM-hypertension
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majority of subjects (62.5%) with severe
NAFLD was in the age group of 20–29 years.

In mild NAFLD the mean concentrations of
SGOT, SGPT and GGT were 19.1 U/L, 18.1 U/
L, and 23.5 U/L, respectively. In moderate
NAFLD mean SGOT concentration was 26.2 U/
L, while mean SGPT was 27.1 U/L and mean
GGT 45.2 U/L. In severe NAFLD mean SGOT,
SGPT and GGT activities were respectively 58.0
U/L, 64.1 U/L, and 60.7 U/L. ANOVA results
showed SGOT, SGPT and GGT activities to be
significantly elevated in proportion to degree of
NAFLD (p < 0.05) as indicated in Table 3.

DISCUSSION

In the present study, among the 90 study
subjects there were a higher number of persons
with NAFLD of mild and moderate degree
(35.6% and 38.9%, respectively), compared with
those with NAFLD of severe degree. These

findings may have been due to the fact that in
the present study no distinction was made
between subjects with newly acquired NAFLD
and those who had recovered from NAFLD of
severe degree. Thus the  possibility exists that
subjects with NAFLD of severe degree made a
recovery after treatment and thus were entered
into the study as NAFLD of moderate or mild
degree.

In this study the number of female subjects
was higher than that of males, which is supported
by the study of De Lusong et al.(14) in the
Philippines in 2005 where it was also found that
female NAFLD patients amounted to 71% of the
134 study subjects.(13) In contrast, Amarapurkar
et al. in India found more males with NAFLD
than females (24.6% vs 13.6%). The reason why
NAFLD is found more frequently in males than
in females may be due to an excess of intra-
abdominal fat in males, and possibly also to the
fact that the distribution of body fat is influenced

Enzyme Mild NAFLD Moderate NAFLD Severe NAFLD p  
SGOT (U/L) 19.1 ± 7.3 26.2 ± 10.2 58.0 ± 41.5 0.00* 
SGPT (U/L) 18.1 ± 6.9 27.1 ± 13.1 64.1 ± 48.6 0.00* 
GGT (U/L) 23.5 ± 10.1 45.2 ± 27.2 60.7 ± 35.3 0.00* 

 

Table 3. SGOT, SGPT and GGT activities in NAFLD

* Significant (p<0.05)

Table 2. Characteristics of the study participants by degree of NAFLD

Degree of NAFLD 
Characteristics Mild 

(n=32) 
Moderate 

(n=35) 
Severe 

(23) 
p 

Age (years) 
 20 – 29 
 30 – 39 
 40 – 49 
 > 50 

 
1 (12.5%) 
5 (29.4%) 

12 (40.0%) 
14 (40.0%) 

 
2 (25.0%) 
9 (52.9%) 

12 (40.0%) 
12 (34.3%) 

 
5 (62.5%) 
3 (17.6%) 
6 (20.0%) 
9 (25.7%) 

 
0.715 

Gender 
 Male 
 Female 

 
9(32.1%) 

23(37.1%) 

 
7(25.0%) 

28(45.2%) 

 
12(42.9%) 
11(17.7%) 

 
0.037* 

 * Significant (p<0.05)
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by sex hormones. Sex hormone binding globulin
(SHBG) synthesized in the liver is strongly
correlated with insulin sensitivity.(15)

The age range of the subjects in the present
study was 20-66 years. In another study in
Pakistan  the age was between 47 and 54 years.(16)

Another investigator also found that NAFLD was
more common in the younger age groups, which
may have been due to changes in dietary pattern
and the habit of consuming soft drinks, as
revealed by another study indicating that
consumption of soft drinks was associated with
an elevated risk of NAFLD, although the precise
mechanism is unclear.(17) According to Shibata,
the rapid rise of NAFLD in the younger age
groups is the result of a westernized life style,
such as is reflected by a high-fat and high-calorie
diet and a decline in physical activity.(18) These
results provide confirmatory evidence for our
study, where severe NAFLD was most frequent
in the age group of 20-29 years.

The most frequent risk factors of NAFLD
in the present study were hypercholesterolemia,
diabetes mellitus, dyslipidemia, and obesity. The
study found the cause of NAFLD to be the
metabolic syndrome, i .e.  hyperlipidemia
(80.6%), obesity (37%) and type 2 diabetes
mellitus (18%).(19) The metabolic syndrome is
associated with insulin resistance (IR), which in
turn is related to elevated synthesis of free fatty
acids from glucose in the liver. In addition,
adipose tissue is a source of tumor necrosis
factor-á  (TNF-á), which is a regulator of insulin
sensitivity. TNF-á  may increase insulin
resistance by depressing peroxisome proliferator
activated receptor gamma (PPARã), which is an
important receptor for maintaining insulin
sensitivity within normal limits.(20,21) Generally
the number of NAFLD patients increase in
proportion to the course of the metabolic
syndrome and insulin resistance. The metabolic
syndrome is a collection of signs and symptoms

consisting of diabetes, central obesity,
hypertension and dyslipidemia.(22,23) In obese
patients there is an increased uptake of free fatty
acids by the liver, whereafter the acids are
subjected to â-oxidation or esterification with
glycerol to form triglycerides that play a role in
the accumulation of fat in the liver.(24)

The study by Chang et al.(25) showed an
association between SGPT and the incidence of
NAFLD as determined by USG. Therefore it may
be concluded that elevated SGPT is an
independent predictor of NAFLD events.
Because SGPT is a glucogenic enzyme, elevated
SGPT is also an indicator of insulin
abnormalities.(26) NAFLD patients have higher
SGPT concentrations in comparison with SGOT,
and is mainly synthesized in the liver, making
SGPT more specific for liver disease.(27,28) An
elevated SGPT concentration in asymptomatic
individuals is considered of value as a screening
test for NAFLD patients, as SGPT concentrations
are correlated with abdominal fat and as higher
SGPT concentrations are associated with the
degree of steatosis.(1,29,30)

The present study also found elevated GGT
concentrations proportional to the degree of
NAFLD, thus it may be assumed that GGT is
correlated with NAFLD. The precise mechanisms
of the correlation of GGT with NAFLD is still
unclear. However, the explanation suggested by
Grundy et al.(31) is that accumulation of fat in the
liver probably increases oxidative stress, leading
to increased consumption of glutathione (GSH).
This is compensated for by increased GGT
synthesis, as GGT plays a role in glutathione
catabolism. GGT is also involved in the
pathogenesis of diabetes through another
mechanism associated with oxidative stress. The
association between GGT and diabetes is
indicated by continued exposure to organic
pollutants, where these latter may interact with
obesity, thus resulting in diabetes.(11)
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Elevated hepatic enzyme concentrations
may indicate the presence of excessive fat
deposits in the liver, which are indirectly
associated with obesity and deposits of visceral
fat, now considered as part of the metabolic
syndrome.(11) According to Tiikkainen et al.,
elevated liver enzymes are correlated with
increases in hepatic fat and NAFLD.(32)

According to Thamer et al. SGOT and GGT
concentrations are also correlated with hepatic
fat independently of obesity, although SGOT is
less sensitive than SGPT.(33)

The present study has several limitations.
First,  the steatosis was determined by
ultrasonography instead of liver biopsy as the
gold standard. However, ultrasonography is
sensitive, non-invasive and practical for
determining NAFLD. But ultrasonography
cannot accurately differentiate steatosis from
fibrosis.(34) Second, the study participants were
mostly persons on medical checkup and thus less
representative of the general population. Third,
the sample size was too small. NAFLD is
generally asymptomatic and it is only the
development of cirrhosis that has clinical
consequence. At present, therapy in NAFLD
concentrates on managing risk factors but in the
future clinical trials may provide robust evidence
for the use of insulin sensitising agents and other
potential therapies.(35)

CONCLUSIONS

In patients with NAFLD the increase in
SGOT, SGPT and GGT concentrations were
independent indicators of the degree of NAFLD.
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