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Backgrounds: Normal or elevated values of serum alanine aminotransferase level (ALT) vary in different studies mostly related to 
characteristics of reference population including age, gender, body mass index, nonalcoholic fatty liver disease (NAFLD), and metabolic 
syndrome prevalence.
Objectives: To measure upper normal limit (UNL) for serum ALT in an apparently healthy Iranian old population (which we had not 
sufficient data before this study), and its modulating factors.
Patients and Methods: All inhabitants (> 50 years old) of Kalaleh, Golestan, Iran (N = 1986) were invited to the study. ALT measurements 
were performed for all subjects using the same laboratory method. Upper limit of normal (ULN) ALT was calculated based on its 95th 
percentile in normal weight subjects. Modulating factors of ALT were determined by multivariate analysis.
Results: A total of 1309 subjects, with the mean age of 61.5 ± 7.5 years were included. UNL of ALT was 18.8 U/L and 21.4 U/L in women and 
men, respectively. Based on univariate analysis, waist circumference (r = 0.124, P = 0.01), body mass index (r = 0.118, P = 0.01), triglyceride (r 
= 0.143, P = 0.01), and having metabolic syndrome (OR = 2.04) modulate ALT levels in men. Also triglyceride (r = 0.119, P = 0.01) modulates 
ALT levels in women.
Conclusions: The calculated level for UNL of ALT is considerably far lower than previous accepted value. Age, gender, ethnicity, and 
metabolic factors should be accounted in future studies to determine normal ALT level.

Keywords: Alanine Aminotransferase; Age Groups; Gender

Implication for health policy/practice/research/medical education:
This manuscript has a wide usage specifically for further research in the field of liver diseases and other related diseases affecting liver enzyme levels. It is 
specifically of value for determining an Iranian cutoff point for detecting normal or elevated liver enzyme values in subjects.
Copyright © 2013, Kowsar Corp.; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Serum alanine aminotransferase (ALT) level is a valid 

and sensitive indicator of liver-cell damage (1, 2). ALT is an 
important parameter for screening, diagnosis and follow-
up of liver diseases (1, 2). Upper Limit of Normal (ULN) of 
serum ALT level should be able to differentiate between 
a healthy person and asymptomatic patient with a liver 
disease. ULN of ALT has been set at 40 U/L since 1950s, 
when serum ALT levels were used as a surrogate marker 
for non-A, non-B hepatitis among blood donors before 
identifying hepatitis C virus (HCV)(3). At that time, it was 
assumed that reference populations for measuring ULN 
of ALT included many asymptomatic patients with non-
alcoholic fatty liver disease (NAFLD), so calculating ALT 
levels has not been performed in healthy populations. 
Nowadays, NAFLD is the most common cause of asymp-
tomatic ALT elevation (4). ULN of ALT should be able to 
be used for screening NAFLD, too. ULN of ALT varies in dif-
ferent studies mostly related to characteristics of refer-
ence population including age, gender, body mass index, 

NAFLD, and metabolic syndrome prevalence (4, 5).

2. Objectives
The aim of this study was to investigate ULN for serum 

ALT and its modulating factors in an Iranian old popula-
tion. This study also focuses on metabolic syndrome (MS) 
and its component and its association with ALT in this 
healthy appearing population.

3. Patients and Methods
The institutional review board (IRB) of the Digestive 

Disease Research Center (DDRC) of Tehran University of 
Medical Sciences reviewed and approved the study pro-
tocol and the informed consent forms. The DDRC Medi-
cal Ethics Committee has been registered in the Office 
for Human Research Protection (The US Department of 
Health and Human Services) under the registration num-
ber of IRB1641. Between July 2006 and January 2007, all 
men aged 50 to 79 and women aged 55 to 79 years old resi-
dent in Kalaleh, Golestan; Northern Iran, (N = 1986) were 
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invited to the study. After explanation to the participants 
about the aim and method of the study a written in-
formed consent was obtained. Subjects were interviewed 
by two trained general practitioners. Information about 
demographic characteristics, medication history espe-
cially during the past 6 months, alcohol consumption 
(the number and type of drinks per day) and cigarette 
and opium usage were obtained. In addition, body mass 
index (BMI) and two seated blood pressures, 1 minute 
apart after 5 minutes rest, were determined for all. BMI 
was calculated as weight (kg) divided by height squared 
(m2) and categorized according to the classification of 
the National Heart, Lung and Blood Institute of the USA 
as follows: underweight (< 18.5 kg/m2), normal weight 
(18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), and obese 
(≥ 30 kg/m2) (6).

The subjects who had any diagnosed liver disease, viral 
hepatitis, renal failure, any kind of cancer, acute infec-
tion, and who were taking antibiotic, insulin, corticoste-
roid and also alcohol drinkers (subjects with an intake of 
more than 20g alcohol per day) were excluded.

Fasting (8-10 hours) blood venous samples were taken 
and centrifuged within 30 minutes of collection. All bio-
chemistry tests were performed at the Endocrine and Me-
tabolism Research Center, Tehran University of Medical 
Sciences, Tehran, Iran. Analyses of serum ALT levels were 
performed by using the Hitachi 704 auto analyzer, (To-
kyo, Japan) with Pars Azmoon reagents kit (Tehran, Iran). 
Cholesterol, high density lipoprotein (HDL), low density 
lipoprotein (LDL), and triglyceride (TG) were measured 
using an enzymatic-photometric analyzer (Pars Azmoon 
Co., Iran).

The ULN for aspartate aminotransferase (AST) and ALT 
introduced by manufacturer was 40 U/L for both men 
and women. Metabolic syndrome (MS) definition was 
made according to the new International Diabetes Fed-
eration (IDF) definition (Central obesity plus any two of 
the following factors: raised TG level, reduced HDL cho-
lesterol, raised blood pressure, and raised fasting blood 
sugar (FBS)) (7). Raised levels of fasting blood sugar and 
TG were considered ≥ 100 and 150 mg/dL, respectively. 
HDL level was abnormal if it was lower than 40 in men or 
50 mg/dL in women (7). Central obesity was considered 
if waist circumference (WC) was ≥ 94 cm in men and ≥ 
80 cm women according to the IDF definition for Europe-
ans. We also used Iranian cutoff of WC to identify meta-
bolic syndrome in our analysis including Delavari A et al. 
(8), Azizi F et al. (9), and Gharipour M et al. (10) results. 
In Delavari A et al. study optimal cutoff point of WC to 
predict metabolic syndrome as defined by the IDF was 89 
cm for men and 91 cm for women (8). Azizi F et al, found 
waist ≥ 95 cm in both genders for identifying metabolic 
syndrome (9). The cut points for WC were nearly equal in 
men and women, 90.3 cm versus 90.0 cm, respectively, in 
Gharipour M et al. study (10).

Statistical analysis was performed using SPSS, version 
16, Software (SPSS, Inc., Chicago, IL, USA) and STATA 9.1 
software (STATA Corp. LP). Normal distribution of quan-
titative variables was checked by both statistical tests 
(Kolmogorov-Smirnov and Shapiro test) and graphs (Q-Q 
plot and histogram). Continuous variables were analyzed 
with t-test and one way ANOVA and categorical variables 
with chi-square. Mann-Whitney test was used for compar-
ing medians of ALT in both genders by assuming that the 
ALT distributions in both genders have the same pattern. 
Pearson correlation coefficient was used to show the 
strength of any significant association between quan-
titative variables. We used partial correlation in which 
the effect of confounder variables would be considered 
fix, to assess the correlation between quantitative vari-
ables. Odds ratio (OR) and its 95% confidence interval 
(95% CI) were also calculated to assess the strength of 
the differences for dichotomized variables. Considering 
ALT as both qualitative and quantitative variable, we ap-
proached its association with other measured variables 
in the study. Regression models were used for deleting 
the confounder effects of other variables. Logistic regres-
sion analysis using the forward Wald method was per-
formed to determine the adjusted OR of the most impor-
tant factors for abnormal (elevated) ALT.

We included variables with a p-value of 0.2 or less in 
their bivariate analysis with ALT. Variables that could sig-
nificantly change the chi-square of the model remained 
in the final model. A two-sided P value less than 0.05 was 
considered statistically significant.

4. Results
From 1986 invited subjects, 1733 persons participated in 

the study (response rate = 87.3%). Among them, 4 cases 
did not consent, and 420 persons were not eligible. Fi-
nally a total of 1309 subjects were entered the study, 688 
(52.6%) were male. ULN of ALT in males and females were 
21.4 and 18.8 U/L, respectively which were statistically dif-
ferent (P < 0.001). Table 1 shows other demographic data 
and ALT levels of the participants. 

ALT levels > 40 U/L was observed in 53 subjects (4%), far 
lower than the prevalence of obesity and metabolic syn-
drome (Table 1). When we used our calculated normal cut-
off values for men and women (21.4 and 18.8 U/L, respec-
tively) the prevalence of elevated ALT increased to 38% 
which is absolutely more comparable to the prevalences 
of obesity (25%) and MS (21-29.9%) in the population. 

Mean ALT level was significantly higher in men with 
MS (IDF definition and WC ≥ 95Cm) than men without 
MS (23.6 ± 12.5 vs. 19.6 ± 11.6, P < 0.001). Abnormal ALT (ac-
cording to the definition made by the present study) was 
also associated with MS in men (IDF definition and WC ≥ 
95Cm) [OR (95% CI): 2.04 (1.41, 2.96), P < 0.001] but not in 
women.
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There was no difference between the mean ALT levels in 
females with and without MS (IDF definition and WC ≥ 

95Cm) (17.95 ± 8.9 vs. 17.86 ± 11.8, P=0.936).

Table 1. Demographic Data and ALT Levels

Male (N = 688) Female (N = 621) P value Total (N = 1309)

Age, y, mean ± SD 61.5 ± 7.9 61.4 ± 7.9 0.84 61.5 ± 7.5

ALT a, mean ± SD, U/L 20.5 ± 11.9 17.9 ± 11.2 < 0.001 19.3 ± 11.6

Median of ALT, U/L 18 15 < 0.001 16

95% CI of ALT, U/L 19.6-21.4 17-18.8 < 0.001 19.9

ALT > 40, U/L (prevalence, %) 4.9 3.5 < 0.001 4

ALT > Current ULN (Prevalence, %) 35.8 36.8 0.707 38

WC a, mean ± SD, cm 92.7 ± 11.7 93.9 ± 12.7 0.093 93.3 ± 12.2

BMI a, mean ± SD, kg/m 25.9 ± 4.2 28.2 ± 5.3 < 0.001 27 ± 4.9

BMI ≥ 30 kg/m2, % 17.4 33.5 < 0.001 25.1

History of HTNa, % 18.6 31.6 < 0.001 24.8

History of diabetes mellitus, % 10.9 16 0.007 13.3

Blood pressure≥ 130/85, % 61.8 66.3 0.890 63.9

FBS a≥ 100 mg/dl, % 40.9 40.5 0.897 38.7

TG a≥ 150 mg/dl, % 37.9 44.5 0.018 39.1

HDL a< 40 in men, HDL < 50 mg/dl in females, % 43.7 53.1 0.001 45.8

MS a(IDF definition and WC for European), % 23 37.2 < 0.001 29.9

MS (IDF definition and WC ≥ 95 cm), % 21.5 20.8 0.846 21.1
a Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; CI, confidence interval; FBS, fasting blood sugar; HDL, high density lipoprotein; 
HTN, hypertension; IDF, International Diabetes Federation; MS, metabolic syndrome; TG, triglyceride; WC, waist circumference

Elevated WC and TG, low HDL, obesity, and MS (IDF defi-
nition and European WC) were more prevalent in women 
than men (Table 1). The prevalence of blood pressure ≥ 
130/85 mmHg and FBS≥ 100 mg/dL were 64% and 39% 
respectively, without significant difference in men and 
women. Only about 30% and 25% of women and men re-

spectively were aware of having hypertension or DM. The 
prevalence of MS was equal in men and women based on 
the newly defined Iranian cutoff (WC ≥ 95 cm). 

Serum ALT level was correlated weakly with BMI, WC, 
and TG level in men but only with TG level in women 
(Table 2). 

Table 2. Correlation Between Metabolic Syndrome Parameters and Serum ALT Levela

BMIb WCb SBPb DBPb TGb HDLb FBSb ALTb

BMI - 0.847 0.217 0.386 0.302 -0.203 0.123 0.118

WC 0.815 - 0.215 0.373 0.312 0.236 0.163 0.124

SBP NS NS - 0.651 0.121 NS 0.081c NS

DBP 0.237 0.27 0.681 - 0.2 -0.078c NS 0.079c

TG 0.095c 0.122 0.86c NS - -0.442 0.221 0.143

HDL NS NS NS NS -0.483 - -0.1 NS

FBS NS NS 0.1c -0.087c 0.293 -0.153 - NS

ALT NS NS -0.084c NS 0.119 NS NS -
a Numbers are Pearson correlation coefficients for men in the upper right of the table, for women in the lower left of the table
b Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; FBS, fasting blood sugar; HDL, high density 
lipoprotein; NS, non-significant; SBP, systolic blood pressure; TG, triglyceride; WC, waist circumference
c All correlations were significant at the level of P = 0.01, except for these at the level of P = 0.05

Prevalence of central obesity and hypertriglyceridemia increased according to the increase in serum ALT level in 
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men but not in women (Table 3). 

Table 3. Percentage of Abnormality in Metabolic Syndrome Criteria by Serum ALT Level

Metabolic abnormality ALTa, U/L P value for trend

< 20 20-29.9 30-39.9 40-49.9 ≥ 50

Men

WCa> 89b 57.4 71.2 68.7 70 52.9 0.015

WC > 90.3c 52.9 65.2 65.7 70 47.1 0.021

WC ≥ 94 cmd 42.9 54.3 55.2 70 41.2 0.014

WC ≥ 95e 39.4 49.5 49.3 70 35.3 0.016

SBPa≥ 130 or DBPa≥ 85 60.7 64.2 61.2 55 64.7 0.896

FBSa≥ 100 38.2 42.2 47.8 55 41.2 0.377

TGa≥ 150 31 43.3 49.3 70 52.9 < 0.001

HDLa< 40 59.4 51.9 58.2 40 47.1 0.208

Women

WC > 91 cmb 57 57.9 53.5 60 45.5 0.929

WC > 90c 59.1 64.9 58.1 70 45.5 0.603

WC ≥ 80d 85.2 88.6 90.7 90 72.7 0.497

WC ≥ 95e 47.2 47.4 48.8 40 27.3 0.740

SBP ≥ 130 or DBP ≥ 85 68 65 68.2 60 72.7 0.956

FBS ≥ 100 37.4 47.1 51.2 20 54.5 0.08

TG ≥ 150 41.9 46.2 63.6 30 54.5 0.06

HDL < 50 51.7 53.8 61.4 50 63.6 0.722
a Abbreviations: ALT, alanine aminotransferase; DBP, diastolic blood pressure; FBS, fasting blood sugar; HDL, high density lipoprotein; SBP, systolic 
blood pressure; TG, triglyceride; WC, waist circumference
b according to the reference number (8)
c according to the reference number (10)
d according tothe reference number (7)
e according to the reference number (9)

 Table 4 shows factors modulating ALT levels in univari-
ate analysis. By increasing age and HDL, ALT decreases. 
In contrast, increase in blood pressure, WC, BMI, TG, and 

male gender have direct effect on ALT increment. FBS did 
not modulate ALT level. 

Table 4. Factors Modulating Serum ALT Levels

Odds ratio 95% confidence interval (lower, upper)

Blood pressure ( ≥ 135/85), mmHg 2 (1.5, 2.7)

Age, y 0.97 (0.95, 0.98)

Male gender 1.6 (1.3, 2)

WCa 1.02 (1.01, 1.03)

BMIa 1.03 (1.003, 1.05)

HDLa 0.98 (0.97, 0.99)

TGa(per 10 mg/dl) 1.02 (1.01, 1.04)
a Abbreviations: BMI, body mass index; HDL, high density lipoprotein; TG, triglyceride; WC, waist circumference

In multivariate logistic regression analysis, only TG 
level was associated weakly with ALT level [OR (95% CI): 
1.05 (1.001, 1.09)]. There was a correlation between BMI 
and ALT level in men (r = 0.118, P = 0.002) but not women 
(Table 5). 

5. Discussion
WC, BMI, TG and having MS modulate ALT levels in men. 

TG modulates ALT in women. For almost 50 years, it was 
accepted that UNL of ALT is about 40 U/L (3). Several stud-
ies have recently challenged the cutoff for normal ALT 
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level (11, 12). 

Table 5. UNL for ALT in Normal Weight, Overweight and Obese 
Patient

BMIa, kg/m2 Female UNLaof ALTa, 
U/L

Male UNL of ALT, U/L

< 25 19.1 20.7

25-29.9 19.5 22.6

≥ 30 19.8 23.8
a Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; 
ULN, upper limit of normal

The first Iranian study for determining UNL of ALT in 
adult was performed in 2002 among blood donors (10). 
A total of 1959 apparently healthy blood donors with 
the mean age of 37.4 years were recruited for the study 
in Tehran Blood Donation Center. UNL of ALT was calcu-
lated 40 U/L for men and 34 U/L for women among blood 
donors with normal weight (BMI< 25 Kg/m2). Serum ALT 
levels were independently associated with BMI and sex, 
and association of ALT was more prominent in male than 
female (13). The study had two limitations. The popula-
tion of study was not nationally representative of Iran, 
and there was no laboratory data regarding associated 
factors with serum ALT levels.

Second Iranian study for determining UNL of ALT for 
adult was performed in 2006 among inhabitants in 
north-eastern Iran (14). Rural and urban dwellers both 
were included in the study. UNL of ALT was 37.5 U/L and 
36 U/L in male and female respectively in normal weight 
participants. Male gender, high BMI and having history of 
diabetes mellitus were independent risk factors for ALT 
elevation. Same to the study in Iranian blood donors, lack 
of general ability and laboratory data regarding associ-
ated factors were limitations of the study.

In the current study, we recruited most healthy inhabit-
ants in Kalaleh, Golestan, who were older than 50 years, 
and were candidate to recruit in a clinical trial for using 
medication for primary prevention of ischemic heart dis-
ease (15).

The strong points of the current study are as follows; the 
population had a very detailed history of any chronic dis-
eases and relevant laboratory data. Although the current 
reference population for determining UNL of ALT had rel-
evant laboratory data, but there was a limitation in age 
groups. So, we were not able to identify the influence of 
age on serum ALT level and also other factors which are 
probably present in younger population.

In the study of Elinav E et al. a significant association 
was found between age and ALT levels, made an inverted 
U like curve with a peak of serum ALT level at 40-55 years 
(16). The Mean serum ALT level was 19 ± 13 U/L in < 40 years 
old, 25 ± 19 U/L in 40-55 years old, 22 ± 10 U/L in 56-72 years 
old, 17 ± 9 U/L in 73-83 years old, and 13 ± 5 U/L in 83-100 
years old (P < 0.0001) (13). In Iranian blood donors the 

peak of serum ALT levels was at 40 - 50 years of age too 
(13). We concluded that the population age was the main 
reason for calculating far lower level of normal ALT in our 
population comparing to the two previous Iranian inves-
tigations. So, it is important to consider age for interpre-
tation of an ALT level in different ages as well as gender.

The influence of BMI on the UNL of ALT has been shown 
in the two previous Iranian studies (13, 14). In the current 
study, the effect of BMI on ALT activity was observed only 
in men. Leclercq I et al. studied the influence of age, BMI 
and sex on ALT levels among 9420 blood donors (17). Al-
though Leclercq I et al. found a correlation between BMI 
and ALT level, but consistent influence of BMI on ALT level 
was observed only in women. In men, raising in BMI in-
creased ALT activity only up to the fifth decade and after 
that no influence was seen any more (17). In Hsieh MH et 
al. study, 11411 Taiwanese adults were enrolled (18). Hsieh 
MH et al. found that WC, BMI, TG, and blood sugar are im-
portant risk factors for elevated ALT, and WC might be a 
better indicator of risk of abnormal liver function than 
BMI (18). In our study, BMI and WC were associated with 
higher level of ALT only in men. The association between 
ALT levels and WC in men was observed even in normal 
and near normal range of ALT levels (Table 3). The cutoff 
of WC that predicts metabolic syndrome in Iranian wom-
en is higher than calculated cutoff for European (7) and 
east-Asian women (18). The predictive cutoff of ALT for Ira-
nian women is almost the same to the Iranian men (8- 10), 
and is not comparable with European or Asian countries 
(7, 18). Theses suggest that gender and ethnic differences 
in amount of visceral fat may play a role in the associa-
tion between WC and ALT levels. 

We found that blood pressure modulates ALT level in 
univariate analysis significantly; but, not in multivariate 
analysis that is comparable with Hsieh MH et al. study re-
sults (18). We did not find an association between elevated 
FBS and serum ALT levels. Saligram S et al. found that ALT 
level is associated with BMI, hypertriglyceridemia and 
low HDL but not with hemoglobin A1C and glycemic con-
trol (19). We found an association between ALT level and 
MS in men but not women. Most studies are reporting an 
association between serum ALT level and MS in various 
populations including elderly men (20-22).

There is no convincing data to answer whether MS or 
any individual component of MS is an important predic-
tor of liver damage, indicated by an elevated ALT level in 
different age, sex and ethnicity. In a study from Iran, au-
thors found high blood pressure in both genders, high 
WC in men and high FBS in women were independent 
predictors of cardiovascular disease and adding other 
MS parameters did not yield any improvement in model 
fitness for predicting cardiovascular disease (23). In our 
study, hypertriglyceridemia modulated ALT levels in 
both genders, but WC, BMI and MS were associated with 
ALT levels only in men .There was no association between 
high blood pressure and high FBS with ALT in both gen-
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ders. It seems that the influence of individual parameters 
of MS for predicting an ALT elevation and a liver injury is 
different in men and women, which needs to be evaluat-
ed in a series of prospective studies. In the current study, 
23% and 37.2% of men and women had MS based on the 
IDF definition which is comparable with the first Iranian 
national survey of MS which conducted in 2007 on 3024 
subjects. The authors found that 37.4% of population has 
MS based on IDF definition. The prevalence of MS was 
higher in women and in the 55 -64 years old age group 
(8).

There is conflicting data regarding the influence of eth-
nicity on ALT level. Schwimmer JB et al. studied the influ-
ence of ethnicity, race and gender on ALT level in obese 
adolescents in a national school based survey in the USA 
(24).

After controlling for BMI and sex, Hispanic had signifi-
cantly more ALT levels than black and white. Influence 
of BMI, gender and ethnicity on ALT level was studied by 
Bilal M et al. among students of an army medical college 
in Pakistan (25). The authors found that ALT levels strong-
ly correlated with BMI and gender but not with ethnicity.

We evaluated opium usage and its duration based on 
a standard questionnaire and our previous study using 
urine codeine or morphine as the gold standard method 
for detecting the use of opium, showed that self-report of 
this variable had a sensitivity of 0.93 and a specificity of 
0.89. Its reliability was also high (26). So, the recall bias 
even for the duration of using opium was not consider-
able.

In summary, our current calculated UNL of ALT (21 U/L 
and 19 U/L in male and female, respectively) is far lower 
than the upper normal limit for ALT level which had been 
determined by laboratory manufacture. We assumed 
that it is due to the age category of our population. Using 
current UNL of ALT increases the detection rate for serum 
ALT elevation from 4% to 38%, which is more expected con-
sidering the prevalence of MS and its parameters which 
modulate ALT level. MS and its components are very prev-
alent in our population. There is a lack of data regarding 
modulating factors of ALT levels in different ethnicity, 
gender and age groups. Future prospective studies for 
calculating UNL of ALT should take into account age, gen-
der, ethnicity and metabolic factors.

Acknowledgements
We would like to express our sincere thanks to Kalaleh 

Heart Center personnel for their assistance in sample col-
lection.

Authors’ Contribution
All authors contributed in designing the study; Akram 

Pourshams and Masoud Khoshnia: data collection; Ali 
Kabir: data analysis; Ali Kabir, Fatemeh Malekzadeh 
and Akram Pourshams: writing the first draft; Ali Kabir, 
Masoud Khoshnia, Fatemeh Malekzadeh, and Akram 

Pourshams: Final revision of the manuscript.

Financial Disclosure
There is no financial support for this study.

Funding/Support
This study was funded by Tehran University of Medical 

Sciences, Research Funds.

References
1.       Kim HC, Nam CM, Jee SH, Han KH, Oh DK, Suh I. Normal serum 

aminotransferase concentration and risk of mortality from liver 
diseases: prospective cohort study. BMJ. 2004;328(7446):983.

2.       Pratt DS, Kaplan MM. Evaluation of abnormal liver-enzyme re-
sults in asymptomatic patients. N Engl J Med. 2000;342(17):1266–
71.

3.       Karmen A, Wroblewski F, Ladue JS. Transaminase activity in hu-
man blood. J Clin Invest. 1955;34(1):126–31.

4.       Pourshams A, Malekzadeh R, Monavvari A, Akbari MR, Mohamad-
khani A, Yarahmadi S, et al. Prevalence and etiology of persistent-
ly elevated alanine aminotransferase levels in healthy Iranian 
blood donors. J Gastroenterol Hepatol. 2005;20(2):229–33.

5.       Pagano G, Pacini G, Musso G, Gambino R, Mecca F, Depetris N, et 
al. Nonalcoholic steatohepatitis, insulin resistance, and meta-
bolic syndrome: further evidence for an etiologic association. 
Hepatology. 2002;35(2):367–72.

6.       Clinical Guidelines on the Identification, Evaluation, and Treatment 
of Overweight and Obesity in Adults. Washington, DC: US Depart-
ment of Health and Human Services; 1998.

7.       Alberti KG, Zimmet P, Shaw J. Metabolic syndrome--a new world-
wide definition. A Consensus Statement from the International 
Diabetes Federation. Diabet Med. 2006;23(5):469–80.

8.       Delavari A, Forouzanfar MH, Alikhani S, Sharifian A, Kelishadi R. 
First nationwide study of the prevalence of the metabolic syn-
drome and optimal cutoff points of waist circumference in the 
Middle East: the national survey of risk factors for noncommuni-
cable diseases of Iran. Diabetes Care. 2009;32(6):1092–7.

9.       Azizi F, Hadaegh F, Khalili D, Esteghamati A, Hosseinpanah F, 
Delavari A, et al. Appropriate definition of metabolic syndrome 
among Iranian adults: report of the Iranian National Committee 
of Obesity. Arch Iran Med. 2010;13(5):426–8.

10.       Gharipour M, Sarrafzadegan N, Sadeghi M, Andalib E, Talaie M, 
Shafie D, et al. Predictors of metabolic syndrome in the Iranian 
population: waist circumference, body mass index, or waist to 
hip ratio? Cholesterol. 2013;2013:198384.

11.       Piton A, Poynard T, Imbert-Bismut F, Khalil L, Delattre J, Pelis-
sier E, et al. Factors associated with serum alanine transaminase 
activity in healthy subjects: consequences for the definition 
of normal values, for selection of blood donors, and for pa-
tients with chronic hepatitis C. MULTIVIRC Group. Hepatology. 
1998;27(5):1213–9.

12.       Prati D, Taioli E, Zanella A, Della Torre E, Butelli S, Del Vecchio E, et 
al. Updated definitions of healthy ranges for serum alanine ami-
notransferase levels. Ann Intern Med. 2002;137(1):1–10.

13.       Mohamadnejad M, Pourshams A, Malekzadeh R, Mohamadkhani 
A, Rajabiani A, Asgari AA, et al. Healthy ranges of serum alanine 
aminotransferase levels in Iranian blood donors. World J Gastro-
enterol. 2003;9(10):2322–4.

14.       Jamali R, Pourshams A, Amini S, Deyhim MR, Rezvan H, Male-
kzadeh R. The upper normal limit of serum alanine amino-
transferase in Golestan Province, northeast Iran. Arch Iran Med. 
2008;11(6):602–7.

15.       Malekzadeh F, Marshall T, Pourshams A, Gharravi M, Aslani A, Nat-
eghi A, et al. A pilot double-blind randomised placebo-controlled 
trial of the effects of fixed-dose combination therapy ('polypill') 
on cardiovascular risk factors. Int J Clin Pract. 2010;64(9):1220–7.

16.       Elinav E, Ben-Dov IZ, Ackerman E, Kiderman A, Glikberg F, Shapira 
Y, et al. Correlation between serum alanine aminotransferase ac-



Kabir A et al.

7Hepat Mon. 2013;13(10):e10640

tivity and age: an inverted U curve pattern. Am J Gastroenterol. 
2005;100(10):2201–4.

17.       Leclercq I, Horsmans Y, De Bruyere M, Geubel AP. Influence of 
body mass index, sex and age on serum alanine aminotransfer-
ase (ALT) level in healthy blood donors. Acta Gastroenterol Belg. 
1999;62(1):16–20.

18.       Hsieh MH, Lin WY, Chien HH, Chien LH, Huang CK, Yang JF, et al. 
Waist circumference, body mass index, serum uric acid, blood 
sugar, and triglyceride levels are important risk factors for ab-
normal liver function tests in the Taiwanese population. Kaohsi-
ung J Med Sci. 2012;28(9):470–6.

19.       Saligram S, Williams EJ, Masding MG. Raised liver enzymes in 
newly diagnosed Type 2 diabetes are associated with weight 
and lipids, but not glycaemic control. Indian J Endocrinol Metab. 
2012;16(6):1012–4.

20.       Jeong SK, Nam HS, Rhee JA, Shin JH, Kim JM, Cho KH. Metabolic 
syndrome and ALT: a community study in adult Koreans. Int J 
Obes Relat Metab Disord. 2004;28(8):1033–8.

21.       Liangpunsakul S, Chalasani N. Unexplained elevations in alanine 
aminotransferase in individuals with the metabolic syndrome: 
results from the third National Health and Nutrition Survey 

(NHANES III). Am J Med Sci. 2005;329(3):111–6.
22.       Wannamethee SG, Shaper AG, Lennon L, Whincup PH. Hepatic en-

zymes, the metabolic syndrome, and the risk of type 2 diabetes 
in older men. Diabetes Care. 2005;28(12):2913–8.

23.       Hadaegh F, Zabetian A, Khalili D, Safarkhani M, Philip TJW, Azizi 
F. A new approach to compare the predictive power of meta-
bolic syndrome defined by a joint interim statement versus its 
components for incident cardiovascular disease in Middle East 
Caucasian residents in Tehran. J Epidemiol Community Health. 
2012;66(5):427–32.

24.       Schwimmer JB, McGreal N, Deutsch R, Finegold MJ, Lavine JE. In-
fluence of gender, race, and ethnicity on suspected fatty liver in 
obese adolescents. Pediatrics. 2005;115(5):e561–5.

25.       Bilal M, Tariq A, Khan S, Quratulain , Shahid MF, Khan MW, et al. 
Influence of gender, BMI, and ethnicity on serum ALT levels of 
healthy students of a medical school. J Ayub Med Coll Abbottabad. 
2011;23(1):70–2.

26.       Abnet CC, Saadatian-Elahi M, Pourshams A, Boffetta P, Feizzadeh 
A, Brennan P, et al. Reliability and validity of opiate use self-re-
port in a population at high risk for esophageal cancer in Goles-
tan, Iran. Cancer Epidemiol Biomarkers Prev. 2004;13(6):1068–70.


