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Abstract

Background and Aim: Recent studies have reported that the widely accepted range of upper limits of normal (ULN) alanine aminotransferase
(ALT) levels (ULN<40U/L) is high for the healthy population. We aimed to
find the correct ULN level for men and women in a presumed healthy liver
population group.
Materials and Methods: The data of 7410 healthy subjects visiting the
check-up clinics were retrospectively analysed in this study. Patients were
divided in to “healthy liver group” (n=2694) and “high-risk liver group”
(n=4716) based on fatty liver on ultrasound, existing of chronic liver disease, ongoing significant alcohol consumption, diabetes mellitus and dyslipidaemia. Receiver operating characteristic (ROC) curves were generated
and the area under the curve (AUC) was calculated at the 95th percentiles
for both men and women.
Results: The AUC score of ALT for men was 0.92, and the ULN for the
serum ALT in men was found as 32.10 U/L (sensitivity of 0.89, specificity
0.85). The AUC score of ALT for women was 0.90, and the ULN for serum
ALT was found as 23.15 U/L (sensitivity of 0.90, the specificity of 0.88).
Conclusion: ULN for serum ALT level should be lowered and different
cut-off values should be used for men (32.10 U/L) and women (23.15 U/L).
Keywords: Gender; serum ALT level; upper limit of normal; Turkey.

Introduction
Serum alanine aminotransferase (ALT) level is an important marker to
determine the liver disease. For many years, regardless of body mass
index (BMI), sex or race the upper limit of normal for serum ALT has
been considered to be 40 U/L.[1–3] This value mostly comes from the era
before hepatitis C virus (HCV) testing and also from time-frame when
nonalcoholic fatty liver disease (NAFLD) was not considered as a liver
disease that may have an impact on serum ALT level.[4,5]
It is clear that the normal range of serum ALT concentration should be
determined in a healthy population, which brings another challenge because many factors, such as NAFLD, use of multiple medications and
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underlying liver diseases, may cause an elevation of serum ALT level.
Prati et al.[6] came with a different approach and analyzed ALT ranges
in a presumed healthy population after excluding subjects with risk factors for liver diseases. In their study, they found that the upper limits of
normal (ULN) for serum ALT was independently related to BMI and
abnormal lipid or carbohydrate metabolism. They also reported that the
ULN of serum ALT should be reported as 30 U/L for men and 19 U/L
for women.[6]
Many studies aiming to find the ULN for serum ALT levels in healthy
individuals from different parts of the world have been published in the
last decade. A study from Korea reported that the healthy ALT thresholds in biopsy- proven healthy Asians were 33 U/L for men and 25 UL
for women.[7] Meanwhile, studies from China (22.15 U/L and 22.40
U/L), Taiwan (22 U/L and 17 U/L), USA (30 U/L and 19 U/L), Europe
(30 U/L and 19 U/L), and India (27 U/L and 17 U/L) have all reported
lower threshold for men and women, respectively.[8–11] When studies
from different parts of the world are reviewed, it can be concluded that
the ULN for serum ALT level for healthy adults should be between
29–33 U/L for males and 19–25 U/L for females.[6,10,12] Based on the
aforementioned studies, current AASLD guideline recommends an
ALT ULN of 35 U/L for men and 25 U/L for women.[13]
Studies performed on the Turkish population are lacking. Meanwhile,
most laboratories in Turkey are continuing to use 40 U/L as the ULN for
serum ALT level. In this study, we aimed to determine first to calculate
the ULN level of ALT for men and women in the presumed healthy liver
population group and second to analyze the factors associated with high
serum ALT level. To our knowledge, this is the first study that aims to find
the upper threshold of serum ALT level in a healthy Turkish population.

Materials and Methods
Patient Population and Study Design
In this cross-sectional hospital-based study, a total of 113,239 apparently healthy subjects, who had voluntarily applied to the check-up clinics of Acıbadem Hospitals located in İstanbul, Kocaeli, Bursa, Eskişehir,
Ankara, Adana, Bodrum, Kayseri (total of 15 centers) were enrolled in
this study. The data of these patients were pulled from the electronic database system of Acıbadem Health Group. Firstly, the demographic data,
such as age, sex, place of birth, were noted for all patients. Secondly, a
subgroup of patients representing the cohort was selected according to
the hospital they were admitted, past medical history, presence and type
of chronic diseases, alcohol intake, BMI, age and sex (n=7410). Each
patient’s medical records were reviewed individually and abdominal
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beam was attenuated with the diaphragm indistinct, or the echogenic
walls of the portal veins were less visible. Diagnoses of diabetes mellitus and dyslipidemia were made both according to patient reports and
also by international diagnostic criteria based on laboratory values.

Total cohort (n=113239)

Population representing
the cohort (n=7410)

Healthy liver cohort
(n=2694)

• Fatty liver (n=3717)
• Other liver diseases (n=139)
• Alcohol consumption (n=811)
• ≥1 medication use (n=2423)
• Diabetes mellitus (n=610)
• Dyslipidemia (n=543)

Statistical Analysis

Figure 1. Patient selection and design of this study.

ultrasound findings, serum ALT level, BMI, history of alcohol intake,
presence of diabetes mellitus, dyslipidemia, hypertension, medication
history, serology for viral hepatitis, and date and city of admission
were noted. Patients with a history of significant alcohol consumption
(n=811), known history of chronic liver disease (n=139), patients taking
any type of medication (n=2423), history of diabetes mellitus (n=610)
and dyslipidemia (n=543) and fatty liver on ultrasound (n=3717) were
excluded from this study. The remaining individuals were defined as
healthy liver group (n=2694) (Fig. 1). Mean serum ALT level was calculated in all three groups, and the ROC curve was performed to find the
optimal serum ALT threshold for the healthy individuals.
This study was approved by the local ethics committee (ATADEK
-2015/14-5) and was conducted according to the declaration of Helsinki.

Analysis of the Data and Definitions
Serum ALT measurements were made according to the same protocol
for all patients with the upper threshold of 40 U/L. NAFLD was defined
as the demonstration of hepatic steatosis in the liver by ultrasound in the
absence of significant alcohol use (>140 gr/week for women and >210
gr/week for men) and exclusion of chronic liver disease. The liver was
characterized as fatty liver when the liver had areas of significantly increased echogenicity relative to the renal parenchyma. The ultrasound

The percentile for serum ALT levels was calculated at the 5th, 25th, 50th,
75th, and 95th percentiles. The upper limit for healthy ALT level was set to
the 95th percentile. Serum ALT values were calculated for both sexes. Receiver operating characteristic (ROC) curves were generated, and the area
under the curve was calculated. Sensitivities and specificities for serum
ALT level were identified from the ROC curves at the points associated
with maximum accuracy (i.e., the maximum value of the sum of sensitivity and specificity at the point closest to the upper left-hand corner 95%
specificity). Men and women were analyzed separately because of differences in ALT distributions. Categorical data were presented as number and percent and were compared using the chi-square test or Fisher’s
exact test, as appropriate. Continuous variables were expressed as mean
and standard deviation unless specified otherwise and were compared using t-test or Mann-Whitney U test. Variables that had a p value of <0.01
on univariate analysis were entered into a Cox regression hazards model
by forward logistic regression to determine the independent predictors of
ALT. P values less than 0.05 were considered statistically significant. All
statistical analyses were performed using IBM, SPSS, and Statistics v.
20.0.0 statistical software (SPSS Inc. Chicago, IL).

Results
Characteristics of the Patients
A total of 113,239 patients were included in this study. Fifty-seven percent
(n=64,756) of these patients were male. The mean age of the population
was 43.67±11.83 years, and the mean serum ALT level was 29.47±23.15
U/L. The subgroup representing the study population consisted of 7410
patients, and the mean age in this cohort was 43.14±12.13 years, and
similar to the larger cohort, 4339 (58.6%) of them were male (Table 1).

Table 1. Demographics of the study population
High risk liver group

Healthy liver group

Total

p

Number of patients

4716 (63.6)

2694 (36.4)

7410 (100)

Age, years

45.78±11.87 (18–93)

39.52±11.17 (18–82)

43.14±12.13 (18–93)

<0.001

Sex, male

2290 (48.5)

1034 (38.4)

4339 (58.6)

<0.05

Dyslipidaemia

543 (11.5)

0

243 (7.32)

Diabetes mellitus

610 (12.9)

0

610 (8.23)

Hypertension

1029 (21.8)

0

1029 (13.8)

Serum ALT, U/L

34.02±24.86

22.51±16.58

29.83±22.89

Alcohol consumption*

811 (17.1)

0

811 (10.9)

>1 medication

2423 (51.3)

0

2423 (32.6)

BMI, kg/m2

28.03±5.97

23.58±3.85

26.93±6.09

HCV

38 (0.80)

0

38 (0.51)

HBV

88 (1.86)

0

88 (1.18)

Other liver diseases

13 (0.27)

0

13 (0.17)

Fatty liver

3717 (78.8)

0

3717 (50.1)

<0.001

<0.001

Results expressed as number (%) or median (range) unless specified otherwise. BMI: Body mass index; ULN: Upper limit of normal; HCV: Hepatitis C virus; HBV: Hepatitis
B virus; ALT: Alanine aminotransferase; >*210 gr/week for men and 140 gr/week for women.
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Figure 2. ROC curve and calculated new ULN values for serum ALT for men (a) and women (b).
ROC: Receiver operating characteristic; ALT: Alanine aminotransferase.

There were 2694 patients in the healthy liver group, and 4716 patients
in the high-risk liver group. The healthy liver group was younger
compared to the high-risk liver group (39.52±11.17 vs 45.78±11.87,
p<0.001) and predominance was seen in the high-risk group 48.5% vs.
38.4%, p<0.005). BMI scores [28.03±5.97 vs 23.58±3.85 (p<0.001)]
and mean serum ALT levels [34.02±24.86 vs 22.51±16.58 (p<0.001)]
were higher in the high-risk group compared to the healthy liver
group (Table 1).

Upper Normal Limits for the Levels of Serum ALT for Men
and Women
The areas under the ROC curve of ALT for men were 0.92 at 95% confidence interval. The upper normal limit for the level of serum ALT for
men was found as 32.10 U/L with a sensitivity of 0.89 and a specificity
of 0.85. Meanwhile, the areas under the ROC curve of ALT for women
was 0.90, and the upper normal limit for the level of serum ALT was
23.15 U/L with a sensitivity of 0.90 and a specificity of 0.88 (Fig. 2).

Factors that Affect the Serum Level of ALT
Univariate analysis showed that serum ALT level was significantly
higher among male sex (p<0.001), patients with liver disease (p<0.001),
elderly patients (p<0.001), patients with higher BMI (p<0.001), patients with dyslipidaemia (p<0.001), history of ongoing alcohol consumption (p<0.001), and ongoing medicine usage (p<0.001) Logistic
regression analysis found that male sex [OR:3.33, 95%CI (2.82–3.98),
p<0.001], liver disease [OR:3.06, 95%CI (1.36–4.55), p<0.001], high
BMI [OR:2.28, 95%CI (1.29–3.01), alcohol consumption [OR:2.05,
95%CI (1.26–2.16), p<0.001], older age [OR:1.62, 95%CI (1.02–1.74),
p=0.035,], ongoing medication use [OR:1.20, 95%CI (1.08–1.56),
p<0.042], and dyslipidaemia [OR:1.17, 95%CI (1.10–1.60), p=0.045]
were independent factors associated higher serum ALT levels (Table 2).

Discussion
In this hospital-based cross-sectional study, the data of sample from
113,239 apparently healthy subjects from 15 different centers -located
in eight different cities- were distributed across Turkey, were analyzed
and the upper normal limit for the level of serum ALT for men was
found as 32.10 U/L for men and 23.15 U/L for women.
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Table 2. Analyses of the factors that affect the serum alanine
aminotransferase level
Univariate
analysis

Multivariate
analysis

p

OR (95% CI)

p

Sex, male

<0.001

3.33 (2.82–3.98)

<0.001

Liver diseases

<0.001

3.06 (1.36–4.55)

<0.001

2

BMI, kg/m

<0.001

2.28 (1.29–3.01)

<0.001

Alcohol consumption

<0.001

2.05 (1.26–2.16)

<0.001

Age

<0.001

1.62 (1.02–1.74)

0.035

>1 medication

<0.001

1.20 (1.08–1.56)

0.042

Dyslipidaemia

<0.001

1.17 (1.10–1.60)

0.045

BMI: Body mass index; CI: Confidence interval; OR: Odds ratio.

Recently, several reports have re-evaluated the correct level ULN for
serum ALT. Pratt[3] was the first to address this issue; in his study, which
involved 6835 HCV negative blood donors, he clearly showed that
serum ALT level was independently associated with gender, BMI and
dyslipidaemia. In the aforementioned study, he proposed that ULN for
serum ALT should be 30 U/L for men and 19 U/L for women.[3] The
results of this study and many others published in the literature are similar to ours, and all conclude that the threshold for serum ALT should
be lowered, but due to the design of our study, we were able to collect
data on alcohol consumption and fatty liver (all patients in the study had
liver ultrasound) which made our study different from many studies on
this topic.[8–11]
The underlying reason for the effects of age, BMI and sex related
changes on serum ALT levels remain unclear. Some authors believe the
change in the metabolic conditions in years (such as high triglyceride
levels and BMI) and misdiagnose of fatty liver (most studies did not
perform liver ultrasound) is the reason for this difference. In this study
and also in some other published studies, dyslipidemia and high BMI
were found not to be a con-founder but as an independent factor that
had an impact on serum ALT levels.[14–16]
The strength of this study comes from its large sample size, the cohort
of the study population and the data collection method. The data were
Hepatology Forum 2020 Vol. 2 | 44–47

Hepatology Forum

doi: 10.14744/hf.2020.2020.0012
pulled from the same database from 15 different centers -located in
eight different cities- distributed across Turkey where all hospitals were
using the same method and cut-off values for serum ALT level. All patients had liver ultrasound results and demographics, alcohol consumption history, laboratory values for diabetes mellitus had dyslipidaemia
and past medical history were noted for all patients. With the existence
of these variables, the healthy liver group was defined in a very appropriate way.
This study also has some limitations. Firstly, some of the patients were
classified based on patient and physician reports as having diabetes
mellitus, dyslipidaemia, and medication use. Secondly, although we
had patients from almost all parts of the country and the cohort’ demographic data was similar to the general population; the study population
may not be a full representative of the general population.

2.
3.
4.

5.

6.

In conclusion, we showed that ULN for serum ALT is affected by gender, BMI, age, alcohol consumption, medication use, liver disease, and
metabolic diseases, such as dyslipidaemia. The upper normal limit for
the level of serum ALT was found as 32.10 U/L for men and 23.15
U/L for women with a sensitivity of 0.89 and a specificity of 0.85 for
men and 0.90 and specificity of 0.88 for women, respectively. To our
knowledge, this is the first study in Turkey to examine the ULN of ALT.
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