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Abstract
AIM: To investigate serum alanine aminotransferase 
(ALT) levels in relation to the clinical, biochemical, 
ultrasonographic and histological characteristics of 
patients with hepatitis C virus.

METHODS: Duration of disease, HCV-RNA, l iver 
steatosis, and the hepatitis activity index (HAI) were 
correlated with serum ALT in 36 patients with HCV. ALT 
values were also investigated in 16 control subjects 
without any liver diseases.

RESULTS: In bivariate analyses, ALT levels correlated 
with duration of HCV infection (P  < 0.01), HCV-RNA (P  < 
0.05), and the HAI (P  < 0.01). Among the components of 
the HAI, ALT concentrations were significantly associated 
with periportal bridging/necrosis (P  < 0.01) and fibrosis 
(P  < 0.05). In multivariate analysis, periportal bridging/
necrosis (β = 0.508; P  < 0.01), duration of HCV infection 
(β = 0.413; P < 0.01), and HCV-RNA (β = 0.253; P < 0.05) 
were independently associated with ALT activity. The 
normal ALT activity for men and women was < 23 IU/L 
and < 22 IU/L, respectively.

CONCLUSION: In patients with HCV, alterations in 
the liver tissue as reflected by ALT elevation are mainly 
associated with periportal bridging/necrosis, viral load 
and duration of disease. A cut-off value < 23 IU/L 
distinguished with high diagnostic accuracy healthy 
controls from patients with HCV.
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INTRODUCTION
Hepatitis C virus (HCV) is a major cause of  chronic liver 
disease, frequently progressing to cirrhosis and increased 
risk of  hepatocellular carcinoma[1-3]. Chronic hepatitis C is 
often silent, most of  the times discovered only by routine 
serologic or biochemical testing[4-6]. Many attempts to 
identify the natural history and progression of  hepatitis 
C infection have been made, but several aspects remain 
to be elucidated[7]. In individuals with chronic hepatitis C, 
viral load and elevated serum alanine aminotransferase 
(ALT) levels may have clinical relevance[8-10]. When 
parenchymal liver cells are damaged, aminotransferases 
leak from the liver into the blood, resulting in elevated 
levels of  these enzymes in the bloodstream. The exact 
definition of  the normal levels of  serum ALT activity is 
crucial for screening and follow-up studies in hepatitis C 
infection[11,12]. It should be noted, however, that half  of  
the untreated patients with chronic HCV infections display 
normal or minimally elevated serum ALT levels[13,14]. 
Accordingly, several studies have recently questioned 
whether previously established values to define normal 
ALT range are clinically accurate[11,12]. In this regard, it has 
been posited that the limits of  normal for serum ALT 
should be revised accordingly[12]. 

In the present study, we sought to investigate serum 
ALT levels in relation to the clinical, biochemical, 
ultrasonographic and histological characteristics of  patients 
with hepatitis C. We also aimed to study the normal level 
of  ALT in Turkish healthy adults at low risk for chronic 
liver diseases. This information, in addition to daily clinical 
practice, may be clinically useful for research studies of  
hepatitis C and chronic liver diseases in Turkey.

MATERIALS AND METHODS
Study sample
A total of  36 patients (24 females, 12 males; mean age: 
47.9 ± 13.2 years) with HCV infection were studied 
before the treatment with antiviral drugs. Patients with 
hemochromatosis, Wilson's disease, autoimmune hepatitis, 
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primary biliary cirrhosis, sclerosing cholangitis, biliary 
obstruction, alpha-1 antitrypsin deficiency, or malignancies 
were excluded from the present study. None of  the 
subjects was using any medications, including estrogens, 
amiodarone, steroids, tamoxifen, or herbal supplements. 
Furthermore we excluded patients with daily alcohol 
intake exceeding 20 g/d. For control purposes, 16 
healthy age- and gender-matched volunteers (9 females, 
7 males) were recruited. All controls were judged to be 
in good health and confirmed as having normal liver 
by ultrasound. Subjects with a consumption of  alcohol 
> 20 g/d or who were taking any medication were not 
included in the control group. All subjects underwent 
physical examination, anthropometric measurements and 
biochemical screening.

A written informed consent was obtained from all 
participants. Our study was in accordance with the ethical 
standards for human experimentation and approved by the 
Ethics Committee of  the Uludag University Medical School.

Laboratory and virology assessment
Blood samples for the evaluation of  alanine aminotransferase 
(ALT), and biochemical parameters were obtained after 
overnight fasting. Routine biochemical tests were carried out 
using commercially available kits (Hitachi, Tokyo, Japan). The 

HCV-RNA was determined in the sera using an RT-PCR 
assay (Amplicor, Roche, Mannheim), with a sensitivity of  
70 copies/mL.

Ultrasound assessment
Liver ultrasound (US) scanning was performed to assess 
the degree of  steatosis. All US procedures were performed 
by the same operator. Liver steatosis was assessed semi-
quantitatively on a scale of  0 to 3:0, absent; 1, mild; 2, 
moderate and 3, severe.

Histological analysis
Ultrasonography-guided liver biopsies were performed 
under conscious sedation using a 16-gauge Klatskin 
needle. The length of  histological specimens was not 
smaller than 2.5 cm. All biopsy specimens were placed in 
formalin solution for fixation and embedded in paraffin 
blocks. Serial sections (sectioned at 4 μm intervals) were 
stained with hematoxylin-eosin and Masson's trichrome. 
The hepatitis activity index (HAI), designed by Knodell 
and Desmet[15,16], was used to grade the severity of  the 
necroinflammatory process and fibrosis. HAI comprises 
four separate scores, including periportal necrosis with or 
without bridging necrosis (0-10), intralobular degeneration 
and focal necrosis (0-4), portal inflammation (0-4) and 
fibrosis (0-4).

Statistical analysis
Variables are presented as counts and percentages, mean ± 
SD. Correlations among the study variables were assessed 
by means of  the Pearson's correlation coefficients. 
Multivariate stepwise regression models were used to 
assess the independent predictors of  ALT levels in patients 
with HCV infection. Cut-off  values for serum ALT values 
were determined by means of  the ROC curve analysis with 
the use of  the MedCalc statistical software (Mariakerke, 
Belgium). A P < 0.05 was considered statistically 
significant. All computations were made using SPSS 11.0 
(SPSS Inc., Chicago, IL, USA).

RESULTS
Bivariate analysis of serum ALT levels in patients with 
HCV infection
The characteristics of  individuals with HCV infection are 
given in Table 1. The estimated median duration of  HCV 
infection was 58 (interquartile range: 24-120) mo. Steatosis 
was present in 22 (61%) of  the 36 HCV infected patients, of  
whom 8 (22%) had grade 1, 11 (30%) grade 2, and 3 (9%) 
grade 3. The histological findings of  the study participants 
are shown in Table 2. In bivariate correlation analyses, 
ALT levels correlated with duration of  HCV infection 
(r = 0.46, P < 0.01, Figure 1), HCV-RNA (r = -0.33, 
P < 0.05, Figure 2), and the HAI (r = 0.44, P < 0.01, 
Figure 3). Among the components of  the HAI, ALT 
concentrations were significantly associated with periportal 
bridging/necrosis (r = 0.50, P < 0.01) and fibrosis (r = 0.37, 
P < 0.05).

Multivariate analysis
Multivariate stepwise regression analysis was used to 

Table 1  General characteristics of the study patients with HCV 
infection

Characteristic     Entire cohort
    (n  = 36)

Female, n (%)         24 (66.6%)
Age (yr)         47.9 ± 13.2
Estimated duration of HCV infection (mo)         58 (24-120)
HCV RNA (IU/mL) 2 471 075 ± 2 490 186
Body mass index (kg/m2)         28.5 ± 3.9
Waist Circumference (cm)            98 ± 11
Fasting glucose (mg/dL)            96 ± 10
Haemoglobin (mg/dL)         13.9 ± 1.5
HOMA index           3.1 ± 2.4
Total cholesterol (mg/dL)          161 ± 36
HDL cholesterol (mg/dL)            48 ± 11
Triglycerides (mg/dL)            98 ± 41
Serum albumin (g/dL)           4.4 ± 0.3
Serum globulin (g/dL)           3.1 ± 0.6
Serum creatinine (mg/dL)           0.8 ± 0.2
AST (IU/L)            48 (32-67)
ALT (IU/L)            64 (34-80)
ALP (IU/L)            90 ± 33
GGT (IU/L)            45 (29-63)
LDH (IU/L)          184 ± 32
Total Bilirubin (mg/dL)           0.7 ± 0.3
Direct Bilirubin (mg/dL)           0.3 (0.2-0.4)
Platelet count (103/mm3)          202 ± 54
Ferritin (ng/mL)            45 (34-77) 
Positive ANA, n (%)              2 (5.5%)
Positive AMA, n              0
Positive ASMA, n              0
Positive LKM-1, n              0

Data expressed as means ± SD, or median (interquartile range), as 
appropriate; HOMA: Homeostasis model assessment; HDL: High-
density lipoprotein; AST: Aspartate aminotransferase; ALT: Alanine 
aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma glutam.yl 
transpeptidase; LDH: Lactate dehydrogenase; ANA: Antinuclear antibodies; 
AMA: Antimitochondrial antibodies; ASMA: Anti-smooth muscle antibody; 
LKM-1: Liver-kidney microsomal antigen.
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identify independent predictors of  ALT levels in our 
patients with HCV infection. Serum ALT activity was 
considered as the dependent variable. All variables listed 
in Table 1 were entered into the multivariate model as 
independent variables. The results of  this analysis showed 
that periportal bridging/necrosis (β = 0.508; P < 0.01), 
duration of  HCV infection (β = 0.413; P < 0.01), and 

HCV-RNA (β = 0.253; P < 0.05) were, in the order they 
entered into the model, independently associated with 
ALT levels.

Identification of a cut-off value for serum ALT levels
according to gender
In order to establish a better cutoff  value for ALT in 
hepatitis C screening in our Turkish population, the ALT 
levels were measured in 16 healthy age- and gender-
matched volunteers. ALT levels in the control population 
were 18.2 ± 3.6 IU/L. The cutoff  value was identified 
by construction of  a ROC curve (receiver operating 
characteristic) in each gender. In females, the better cutoff  
value for ALT was at 22 IU/L, with sensitivity of  87.5% 
and specificity of  100% in identifying subjects without 
HCV infection (Figure 4). In males, the better cutoff  value 
for ALT was at 22 IU/L, with sensitivity of  100% and 
specificity of  100% in identifying subjects without HCV 
infection (Figure 5). 

DISCUSSION
This study provides insights into the correlates of  ALT 
levels in the setting of  patients with HCV infection. We 
found that, in our sample of  Turkish patients, serum ALT 
levels were significantly and independently correlated with 
periportal bridging/necrosis, viral load and duration of  
HCV infection. 

Serum ALT levels, as a measure of  biochemical 
hepatitis activity, increased significantly with periportal 
bridging/necrosis, and this association was stronger than 
for other components of  the HAI index. Our findings 
are in line with previous studies showing a statistically 
significant linear relationship between the degree of  ALT 
elevation and the amount of  liver injury based on the 
HAI score[17]. In our study, viral load was significantly and 
inversely correlated with mean ALT levels. This result is in 
keeping with the findings of  Ito et al[18], who showed that 
mean viral load was significantly higher in chronic HCV 
patients with persistently normal ALT levels. In this regard, 
it has been hypothesized that immune response to HCV 

Table 2  Liver histology in the 36 study participants with HCV 
infection

Variable Score
Hepatitis activity index 9.5 ± 3.7
Periportal necrosis with or without bridging necrosis 3.7 ± 2.2
Intralobular degeneration and focal necrosis 2.7 ± 1.1
Portal inflammation 3.0 ± 1.0
Fibrosis 1.9 ± 1.2

Figure 1  Scatter diagram and regression line showing a significant positive 
relationship between duration of HCV infection and serum alanine aminotransferase 
(r = 0.46, P < 0.01).

Figure 2  Scatter diagram and regression line showing a significant inverse 
relationship between viral load and serum alanine aminotransferase (r = -0.33,  
P < 0.05).
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Figure 3  Scatter diagram and regression line showing a significant positive 
relationship between the Histology Activity Index and serum alanine aminotransferase 
(r = 0.44, P < 0.01).
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could play a role in rendering viral load smaller[18]. It should 
be noted, however, that some authors have reported 
higher ALT levels in patients with high viral load[19]. 
Another group has suggested that no significant difference 
in viral load exists between patients with abnormal ALT 
levels and those with normal ALT levels[20]. Although the 
reasons for conflicting data remain to be clarified, the 
discrepancies in the literature may be due at least in part 
to the presence of  potential confounders such as ethnicity 
or different sample sizes. The duration of  HCV infection 
may be of  importance for the development of  cirrhosis 
and patients with longer periods of  infection may be more 
likely to have higher ALT levels[20]. In our study we found a 
positive association between ALT activity in the serum and 
duration of  HCV infection. Some authors, however, have 
failed to demonstrate such a relationship[21]. In any case, it 
should be kept in mind that the onset of  HCV infection 
may be difficult to establish in some patients, thereby 
rendering disease duration undefined.

Growing evidence has suggested that up to 25% of  
patients with chronic hepatitis C virus infection have 
persistently normal aminotransferase levels (10% to 40%, 
according to different studies)[14,22,23]. The normal range 
for ALT level was set in the 1950 s and has changed 
little since then. However, several recent studies have 
questioned whether previously established reference values 
to define normal ALT range are really accurate. Under 
these circumstances, it has been repeatedly suggested that 
the limits of  normal ALT activity should be revised[24-26]. 
In most countries, the cutoff  value for ALT is defined 
as twice the upper limit of  the normal range of  healthy 
individuals[27]. The normal ALT activity for men and 
women is < 23 IU/L and < 18 IU/L, respectively[27]. In 
order to gain more insights on the normal level of  ALT in 
Turkish healthy adults at low risk for chronic liver diseases, 
we measured ALT activity in a control population from 
our country. By ROC curve analysis, we found that the 
optimal cutoff  point in our population was 23 IU/L in 

males and 22 IU/L in females. Using our newly calculated 
cutoff  value, we found that the sensitivity and specificity 
for detection of  subjects without HCV infection were 
100% and 100% in men and 87.5% and 100% in women, 
respectively. Hopefully, these new data obtained in the 
Turkish population should contribute to the ongoing 
discussion regarding new reference systems for the 
measurement of  the catalytic activity of  ALT in the clinical 
practice[28,29]. Given the small sample size, we believe 
that our findings may stimulate future studies on a larger 
number of  patients.

In conclusion, we have provided evidence that the 
main correlates of  ALT levels in HCV patients are 
periportal bridging/necrosis, viral load and duration of  
HCV infection. A cut-off  value < 23 IU/L in males and 
22 IU/L in females may distinguish with high diagnostic 
accuracy healthy control subjects from patients with 
HCV.
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 COMMENTS
Backgrounds
The exact definition of the normal levels of serum ALT activity is crucial for 
screening and follow-up studies in hepatitis C infection. However, half of the 
untreated patients with chronic HCV infections display normal or minimally 
elevated serum ALT levels. Accordingly, several studies have recently questioned 
whether previously established values to define normal ALT range are clinically 
accurate. 

Research frontiers
Recent evidence has suggested that the limits of normal for serum ALT should be 
revised. In the present study, we sought to investigate serum ALT levels in relation 
to the clinical, biochemical, ultrasonographic and histological characteristics of 
patients with HCV.
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Figure 5  ROC curve of serum ALT for discriminating male HCV patients from men 
without liver disease. The better cutoff value for ALT was at 23 IU/L, with sensitivity 
of 100% and specificity of 100% in identifying subjects without HCV infection.
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Figure 4  ROC curve of serum ALT for discriminating female HCV patients from 
women without liver disease. The better cutoff value for ALT was at 22 IU/L, with 
sensitivity of 87.5% and specificity of 100% in identifying subjects without HCV 
infection.
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Innovations and breakthroughs
We have provided evidence that the main correlates of ALT levels in HCV patients 
are periportal bridging/necrosis, viral load and duration of HCV infection. 

Applications 
A cut-off value < 23 IU/L in males and 22 IU/L in females may distinguish with high 
diagnostic accuracy healthy control subjects from patients with HCV.

Terminology
ALT elevation: aminotransferases leak from the liver into the blood when 
parenchymal liver cells are damaged.

Peer review
The study is of particular interest to the practical medicine. The results provide 
sufficient evidence that the activity of ALT correlates with histological changes, 
viral load and duration of infection in patients with HCV.
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