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Background: The normal range for Aspartate and Alanine Aminotransferases (AST and ALT) levels (<40 [206_TD$DIFF]IU/L)
were set in 1950s. Recent data from certain countries suggest lower levels of AST and ALT. Aim of the study was
to redefine the normal values of aminotransferases in healthy Indian adults. Methodology: In a cross sectional
prospective study, 1002 blood donors were evaluated to isolate a healthy cohort. Four and 9 subjects positive for
HBsAg and anti-Hepatitis C Virus (HCV) respectively and three females were excluded. 986 male subjects were
evaluated for levels of serum aminotransferases. Results: Of total 986 subjects (Group I), 543 (55.1%) had fatty
liver on ultrasound [15 (1.5%) alcoholic fatty liver and 528 (53.5%) Nonalcoholic Fatty Liver Disease (NAFLD)].
Median AST andALT in total group (Group I) were 27.69 (Interquartile Range (IQR) 22.33–37.04) and 34.19 [207_TD$DIFF]IU/
L (IQR 23.12–54.87) and inNAFLD (Group II) were 35.67 (IQR�27.49–47.43) and 50.36 (IQR 37.70–76.58) [208_TD$DIFF]IU/L.
Of remaining 443 subjects without fatty liver, 288 had one or more components of metabolic syndrome. Out of
155 patients with no fatty liver and no component of metabolic syndrome (Group III), 103 subjects had normal
BodyMass Index (BMI) and normal cholesterol and Low Density Lipoprotein (LDL) (Group IIIB). Median AST
and ALT in Group IIIB were 22.56 (IQR 20.23–26.91) and 21.36 (IQR 17.49–27.21) [209_TD$DIFF]U/L respectively with a 95th
percentile of 34.28 and 36.57 U/L for AST and ALT, respectively. Conclusion: Levels of AST and ALT in healthy
men are lower than the conventional values in India. ( J CLIN EXP HEPATOL 2019;9:191–199)
[211_TD$DIFF]INTRODUCTION Several studies have questioned whether previously estab-
The serum Aspartate and Alanine Aminotransferases (AST
and ALT) are sensitive indicators of liver cell injury and are
helpful in recognizing both acute and chronic hepatocel-
lular diseases.1[201_TD$DIFF] In addition to differentiating acute from
Chronic Liver Diseases (CLDs), the aminotransferases
elevations are helpful in determining the disease severity.

The normal range for AST and ALT levels (<40 [206_TD$DIFF]IU/L)
were set in the 1950s and has changed little since then.1 The
healthy reference populations included men and women,
often medical students, blood donors, and laboratory tech-
nicians.This concentrationwasdeterminedprincipally from
studies performed before the introduction of anti-Hepatitis
C Virus (HCV) testing, and prior to recognition of the
concept of Nonalcoholic Fatty Liver Disease (NAFLD).1,2
s: ALT, [210_TD$DIFF]transaminases, NAFLD, fatty liver, nonalcoholic steato-
s, metabolic syndrome
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lished values to define the aminotransferases were accurate,
and have suggested that the upper limit of normal amino-
transferases should be revised.3–9 However, only few studies
to redefineupper limitof normal for aminotransferaseshave
been done in a large-scale population-based in an East Asian
population, who have different body shape, dietary behav-
iour, and liver related disease patterns compared withWest-
ern people.5–9 There is also paucity of data regarding the
normal level of aminotransferases in the Indian
population.10–11 With the assumption that the current ref-
erence range for aminotransferases may be inaccurate, we
conducted this study to redefine thenormal valuesof amino-
transferases in healthy Indian adults.

METHODS

Over a period of one and a half years, the study included
prospective blood donors presenting for blood donation
in the institute. The study was approved by the institute’s
ethics committee and written informed consent was
obtained from all participants.

Inclusion Criteria

1 Prospective blood donors fulfilling the requisite blood dona-
tion criteria as per Drugs and Cosmetics Act in India.12

2 Age �18 years and �65 years.
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Exclusion Criteria

1 Donors with history of overt liver disease.
2 Donors testing positive for HBsAg, anti-HCV or HIV.
3 Donors with history of medication or substance abuse likely
to affect AST/ALT levels.
History of alcohol intake and any medical illness

including liver disease, hypertension, diabetes and cardio-
vascular disease, medication use or substance abuse was
taken from all the participants. Total abstainers and sub-
jects consuming less than 20 g/day of alcohol were defined
as non-alcoholics.13 [212_TD$DIFF] All subjects were subjected to an
anthropometric examination and overweight, obesity
and central obesity were defined as per the Asia Pacific
criteria.14 (overweight—Body Mass Index (BMI) �23 kg/
m2

[213_TD$DIFF] but<25 kg/m2, obesity—BMI>25 kg/m2
[214_TD$DIFF], central obe-

sity �90 cm for males and �80 cm for females).

Laboratory Assessment
Analyses of serum biochemistry [fasting serum Total Cho-
lesterol (TC), serum Triglycerides (TG), Low Density Lip-
oproteins (LDL), High Density Lipoproteins (HDL),
Fasting Plasma Glucose (FPG) levels and Liver Function
Figure 1 Flow diagram showing the inc
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Tests (LFT)], were performed usingOlympus AU2700 Plus
analyser (Beckman—Coulter, ISO certified) after proper
quality control and calibration.

All subjects were screened for the transfusion transmit-
ted infections including hepatitis B virus (AdvancedHBsAg
ELISA, InTec Products Inc., Hialang, Xiamen), HCV (SD
HCV ELISA 3.0, Standard Diagnostics, Inc., Kyonggi-do,
Korea), human immune deficiency virus (SDHIV1/2 ELISA
3.0, Standard Diagnostics, Inc., Kyonggi-do, Korea), Syphi-
lis andMalaria. Donors testing positive for any of the above
infections were excluded from further analysis and referred
to the relevant clinics for further management.

Presence of metabolic syndrome was defined as per the
Adult Treatment Panel III (ATP III) criteria with modified
waist for the Indians as defined earlier.15

Imaging
All donors were also subjected to a hepatobiliary ultra-
sound examination by a single observer to specifically
assess the presence of fatty liver (Philips, HDI-3500 Diag-
nostic Ultrasound System). Hepatic steatosis was graded
into mild, moderate and severe steatosis as per Saver-
ymuttu et al.16 Subjects with presence of fatty liver on
lusion and work up of the subjects.
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Figure 2 Different groups of patients included in the study.
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ultrasonography were categorised as alcoholic fatty liver
(alcohol consumption >20 g/day) NAFLD (alcohol absti-
nence or consumption <20 [215_TD$DIFF]g/day).13[195_TD$DIFF]

Based on the history, clinical examination, lab param-
eters and imaging, all subjects were divided into three
groups and AST and ALT levels were evaluated in all
the groups (Figures 1 and 2).

Statistical Analysis
For quantitative data, the data was presented as mean [216_TD$DIFF]�
SD or median and Interquartile Range (IQR), as appro-
priate. Correlation between various anthropometric and
biochemical parameters was evaluated using Pearson’s
correlation coefficient and Spearman’s correlation. For
Journal of Clinical and Experimental Hepatology | March/April 2019 | Vol. 9 |
comparing the difference in various groups, one-way anal-
ysis of variance (ANOVA) followed by post hoc multiple
comparisons, Kruskal—Wallis test and Mann–Whitney U
test was applied. Stepwise multiple linear regression anal-
ysis was used to determine the predictors for aminotrans-
ferase levels. We set healthy aminotransferase threshold at
95th percentile. A P value of <0.05 was considered to
indicate statistical significance. All calculations were
two sided and performed using SPSS version 17.
RESULTS

Of the 1388 subjects initially screened in the study, 386
did not come for evaluation. Of 1002 subjects evaluated,
No. 2 | 191–199 193
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999 were males (mean age 30.7 [217_TD$DIFF]� 8.2 years) and 3 females
(mean age 44.7 [218_TD$DIFF]� 8.1 years). Because of small number, 3
females were excluded and further analysis was done only
in 999 males (Figure 1). Nine (0.9%) and 4 (0.4%) male
subjects respectively were excluded on account of HBsAg
and anti-HCV reactivity. None of the participants was
reactive for HIV. Final analysis was done in 986 male
subjects comprising of three groups, Group I (total study
population, n [219_TD$DIFF]= 986), Group II (NAFLD, n [220_TD$DIFF]= 528), Group
III (healthy group without evidence of fatty liver and
metabolic syndrome, n [221_TD$DIFF]= 155), Group IIIA (without fatty
liver and metabolic syndrome and normal BMI, n [222_TD$DIFF]= 108)
and Group IIIB (without fatty liver and metabolic syn-
drome and normal BMI and normal TC and LDL, n [223_TD$DIFF]= 103)
(Figures 1 and 2).

Total Study Population (Group I)
The median AST and ALT levels in the whole study group
(Group I) were 27.69 (IQR 22.33–37.04) and 34.19 [207_TD$DIFF]IU/L
(IQR 23.12–54.87) respectively. The 95th percentile for
AST and ALT were 63.51 and 111.09 [224_TD$DIFF]U/L, respectively
(Table 1).

Table 2 shows the aminotransferase levels among the
various strata in the total study population (Group I). The
aminotransferase levels increased with increasing age till
50 years, after which there was a significant decrease in the
aminotransferase levels (Table 2). Total abstainers from
alcohol had a lower AST and ALT levels in comparison to
those consuming <20 [225_TD$DIFF]g of alcohol per day and those who
consumed >20 [226_TD$DIFF]g alcohol per day had a significantly
higher AST and ALT levels when compared to those
consuming <20 g alcohol per day (Table 2). Subjects
who were overweight and obese had a significantly higher
AST and ALT levels in comparison to those who were
normal weight. However there was no significant differ-
ence in AST between class I and class II obese subjects.
Similarly AST and ALT levels were higher in subjects with
central obesity when compared to those without central
obesity. (Table 2) Subjects with hypertension, diabetes
mellitus/impaired fasting glucose, waist circumference
�90 [198_TD$DIFF]cm, hypertriglyceridemia and low HDL also had
higher AST and ALT levels in comparison to normotensive
subjects, those with euglycemia and normal serumTG and
Table 1 Showing the Serum Aminotransferase Levels Among Three

No. (%) Median (I

AST

I 986 27.69 (22.33–37.04)

II 543 35.67 (27.49–47.43)

III 155 22.50 (19.23–26.50)

IIIA 108 22.56 (20.23–26.91)

IIIB 103 22.50 (20.16–26.32)
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normal HDL respectively. Overall, the AST and ALT levels
among the subjects with metabolic syndrome were higher
in comparison to those subjects without metabolic syn-
drome (Table 2).

On Pearson’s/Spearman’s coefficient correlation
(Table 3), age, body weight, BMI, waist circumference,
blood pressure, FPG, TC, LDL, number of metabolic syn-
drome parameters and NAFLD were found to have posi-
tive correlation with both AST and ALT levels, while
serum TG levels had a positive correlation with only
ALT level. On stepwise multiple linear regression analysis,
only age, systolic blood pressure and NAFLD were found
to be independent predictors of both AST and ALT levels
(Table 4). Age had a negative correlation with both AST
and ALT levels. DBP independently affected AST levels
while BMI and LDL levels independently affected ALT
levels.

Nonalcoholic Fatty Liver Disease (Group II)
Out of the 986 males included in the study, 543 (55.1%)
had evidence of fatty liver on ultrasound. Of these, 15
subjects (1.5%) had alcoholic fatty liver (alcohol consump-
tion >20 [195_TD$DIFF]g/day), 528 (53.5%) subjects had NAFLD (alco-
hol abstinence or consumption<20 [215_TD$DIFF]g/day). Majority (469,
88.8%) of subjects with NAFLD had mild hepatic steatosis
whereas 54 (10.2%) and 5 (0.9%) subjects respectively had
moderate and severe hepatic steatosis on ultrasound.
NAFLD subjects had a median age of 32 years (IQR 27–
39) with a median BMI of 26.79 (IQR 25.11–28.67) [227_TD$DIFF]
kg m�2. Thirty six (6.8%) of them had normal BMI
(<23 kg m2

[228_TD$DIFF]) where as 492 subjects (93.2%) were either
overweight (85, 16.1%) or obese (407, 77.1%). Among
the obese group, 332 subjects (62.9%) had class I obesity
(BMI 25–30 [229_TD$DIFF]kg/m2) while 75 subjects (14.2%) had class II
obesity (BMI >30 kg/m2

[230_TD$DIFF]). The median waist circumfer-
ence of the subjects was 93 cm (IQR 87–100) with 357
subjects (67.7%) having a waist circumference �90 [198_TD$DIFF]cm
(central obesity). Two hundred and fifteen subjects
(40.7%) had hypertension and 145 (27.5%) of them either
had diabetes or impaired fasting glucose. Three hundred
and forty two of them (64.8%) had abnormal serum TG
(�150 [231_TD$DIFF]mg/dl) and 315 subjects (69.7%) had abnormal
HDL (<40 [232_TD$DIFF]mg/dl). Overall, 280 subjects (54.2%) among
Different Study Groups.

QR) 95th %

ALT AST ALT

34.19 (23.12–54.87) 63.51 111.09

50.36 (37.70–76.58) 79.59 132.86

22.10 (17.49–27.60) 34.23 37.66

21.66 (17.51–27.50) 34.26 36.87

21.36 (17.49–27.21) 34.28 36.57

ã 2018 INASL.



Table 2 Showing the Affect of Various Parameters on Aminotransferase Levels Among Group I Subjects (Total Study Population, n [192_TD$DIFF]= 986).

No. (%) Median (IQR) P-value

AST ALT AST ALT

Age 18–30 570 (57.8) 26.10 (21.64–34.33) 29.08 (21.48–48.50) 0.000
[193_TD$DIFF]0.451
0.005

0.000
0.360
0.000

30–40 279 (28.3) 31.03 (23.58–40.91) 40.50 (27.47–65.60)

40–50 113 (11.5) 30.67 (24.87–43.57) 42.98 (30.07–65.88)

50–65 24 (2.4) 24.89 (21.27–31.85) 30.02 (20.17–40.10)

Alcohol consumption Abstainer 733 (74.3) 26.56 (22.02–34.19) 30.29 (21.97–47.05) 0.000
[194_TD$DIFF]0.000

0.000
0.000<20 g/d 238 (24.1) 34.04 (24.30–49.45) 46.36 (30.63–79.18)

>20 [195_TD$DIFF]g/d 15 (1.5) 41.47 (22.3–45.91) 49.52 (25.18–64.90)

BMI <23 322 (32.7) 23.72 (20.65–28.01) 24.71 (18.98–30.98) 0.000
[196_TD$DIFF]0.000
0.481

0.000
0.000
0.280

23–24.99 205 (20.8) 25.97 (21.82–32.67) 29.57 (22.13–43.95)

25–29.99 382 (38.7) 34.08 (26.10–46.63) 48.35 (34.23–75.08)

>30 77 (7.8) 36.31 (26.58–52.97) 59.23 (38.00–85.23)

Waist <90 [197_TD$DIFF]cm 585 (59.3) 24.87 (21.23–30.88) 26.88 (20.33–39.41) 0.000 0.000

�90 [198_TD$DIFF]cm 401 (40.7) 34.42 (26.01–46.18) 48.79 (34.31–74.54)

HTN Absent 734 (74.4) 26.01 (21.73–33.59) 29.35 (21.52–44.79) 0.036 0.000

Present 252 (25.6) 36.00 (26.85–50.34) 50.90 (34.66–78.65)

DM/IFG Absent 818 (83.0) 26.56 (21.76–34.56) 30.87 (21.92–48.11) 0.000 0.000

Present 168 (17.0) 36.85 (26.80–49.71) 56.79 (36.59–80.64)

TG <150 468 (47.5) 26.05 (21.17–34.61) 28.64 (20.61–44.19) 0.000 0.000

�150 518 (52.5) 29.47 (23.71–40.35) 40.02 (26.58–64.41)

HDL �40 477 (48.4) 26.81 (21.76–36.51) 31.85 (21.93–49.94) 0.036 0.000

<40 509 (52.5) 28.78 (23.27–37.91) 37.48 (25.02–59.27)

Metabolic syndrome
criteria fulfilled

0 177 (18.0) 23.28 (20.09–28.30) 23.70 (18.52–32.35) 0 0

1 253 (26.5) 24.71 (21.19–31.12) 27.53 (20.36–39.92) 0.000 0.000

2 243 (24.6) 28.14 (23.56–38.12) 35.65 (25.68–59.50) 0.000 0.000

3 181 (18.4) 33.09 (24.70–47.31) 47.94 (33.05–78.43) 0.000 0.000

4 92 (9.3) 36.89 (29.59–47.53) 51.62 (39.53–72.84) 0.507 0.051

5 40 (4.1) 38.24 (26.11–49.56) 62.64 (42.53–83.13) 0.230 0.270

Metabolic syndrome Present 313 (31.3) 35.40 (26.30–47.48) 50.30 (35.43–77.45) <0.000 <0.000

Absent 673 (68.3) 25.61 (21.42–32.88) 28.38 (21.02–42.26)

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY
the NAFLD subjects had presence of metabolic syndrome
(ATP III criteria �3 components).

Median AST and ALT levels amongst 528 subjects with
NAFLD were 35.67 IU/L (IQR �27.49–47.43) and 50.36 [233_TD$DIFF]

IU/L (IQR 37.70–76.58) [234_TD$DIFF]IU/L with 95th percentile for AST
andALTbeing 79.59 and 132.86 U/L respectively (Table 1).
As in Group I, NAFLD subjects who were obese had a
significantly higher AST and ALT levels in comparison to
those who were normal (median 35.54 vs. 35.84 [235_TD$DIFF]IU/L,
P < 0.050 AST and median 51.23 vs. 39.08 IU/L,
P < 0.001 for ALT). However AST and ALT levels were
not significantly different among NAFLD subjects with
central obesity when compared to those without central
obesity (median 36.01 vs. 35.19 [236_TD$DIFF]IU/L, P = 0.742 AST and
mean 51.03 vs. 48.79 IU/L, P = 0.552 for ALT). Overall, the
AST and ALT levels among the subjects with metabolic
syndrome were higher in comparison to those subjects
Journal of Clinical and Experimental Hepatology | March/April 2019 | Vol. 9 |
without metabolic syndrome (median 36.24 vs. 34.87 [237_TD$DIFF]IU/
L, P = 0.409 for AST and median 48.78 vs. 53.26 IU/L,
P = 0.189 for ALT). On Pearson’s/Spearman’s coefficient
correlation, age was found to have a negative correlation
with the ALT levels among the NAFLD subjects whereas
BMI and blood pressure were found to have positive
correlation with both AST and ALT levels and FPG, TC
and LDL had positive correlation with only ALT levels. On
stepwisemultiple linear regression analysis age, BMI, waist
circumference, SBP, total cholesterol and number of met-
abolic syndrome parameters were found to be indepen-
dent predictors of NAFLD.

Healthy Population (Group III)
As mentioned earlier, 543 (55.1%) out of total of 986
subject had evidence of fatty liver on ultrasound. Of
the remaining 443 subjects without fatty liver, 288
No. 2 | 191–199 195



Table 3 Showing the Correlation of AST/ALT Levels With Various Parameters in Group I Subjects (Total Study Population, n [192_TD$DIFF]= 986).

Factor AST ALT

Correlation coefficient P-value Correlation coefficient P-value

Age .108** 0.001 .122** 0.000

Weight .267** 0.000 .357** 0.000

BMI .330** 0.000 .435** 0.000

Waist .299** 0.000 .383** 0.000

SBP .300** 0.000 .323** 0.000

DBP .280** 0.000 .275** 0.000

FPG .192** 0.000 .226** 0.000

HDL �.037 0.250 �.036 0.263

TG .037 0.247 .096** 0.003

TC .171** 0.000 .284** 0.000

LDL .178** 0.000 .299** 0.000

NAFLD .402** 0.000 .519** 0.000

Number of metabolic
syndrome parameters

.171** 0.000 .228** 0.000

AST – – .743** 0.000

ALT .743** 0.000 – –

Bold values are statistically signifiant.
*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

REDEFINING THE NORMAL VALUES OF SERUM AMINOTRANSFERASES NAJMY ET AL
subjects did have one or the other component of meta-
bolic syndrome (central obesity, hypertension, diabetes
mellitus, dyslipidemia) and thus there were only 155
subjects with no evidence of fatty liver and without any
component of metabolic syndrome and were grouped as
healthy group (Group III). The baseline characteristics of
Table 4 Showing the Multivariate Analysis by Regression Analysis o
(Total Study Population, n [192_TD$DIFF]= 986).

Variable AST

Regression
coefficient

SE T value Significa

Age �0.149 0.085 �4.376 0.000

BMI 0.346 0.942 0.03 0.496

Waist 0.886 0.143 0.005 0.516

SBP 0.107 0.118 2.491 0.013

DBP 0.135 0.172 3.576 0.000

FBS 0.239 1.178 0.038 0.760

Ch 0.624 0.491 0.016 0.842

TG 0.093 �1.681 �0.054 0.957

HDL 0.945 �0.069 �0.002 0.988

LDL 0.261 1.124 0.036 0.871

MS criteria 0.967 0.041 0.001 0.816

NAFLD 0.33 1.455 9.798 0.000

[200_TD$DIFF]Bold values are statistically signifiant.
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Group III are shown in Table 5. The median AST and ALT
amongst Group III were 22.50 (IQR 19.23–26.50) and
22.10 (IQR 17.49–27.60) respectively, with a 95th percen-
tile of 34.23 and 37.66 [238_TD$DIFF]IU/L for AST and ALT, respectively
with no significant difference betweenGroups IIIA and IIIB
(Tables 1 and [239_TD$DIFF]Table 5). The Group IIIB with minimal risk
f Association Between AST/ALT and Various Factors in Group I

ALT

nce Regression
coefficient

SE T value Significance

�0.175 0.135 �5.523 0.000

0.096 0.368 2.58 0.010

0.498 �0.677 �0.022 0.336

0.125 0.161 3.654 0.000

0.054 1.928 0.062 0.560

0.132 1.509 0.048 0.749

0.617 �0.500 �0.016 0.247

0.6 �0.525 �0.017 0.947

0.941 �0.075 �0.002 0.983

0.138 0.035 4.879 0.000

0.745 0.326 0.01 0.807

0.395 2.812 10.338 0.000

ã 2018 INASL.



Table 5 Showing the Baseline Characteristics of the Group IIIA and IIIB.

Group IIIA Group IIIB

Mean Percentiles Mean Percentiles

25 50 75 95 25 50 75 95

Age 25.5 21 24.5 28 36 25.1 21 24 28 35

Weight 59.92 55 60 65 70 59.97 55 60 65 70

BMI 20.55 19.40 20.68 21.79 22.83 20.53 19.36 20.68 21.61 22.83

Waist 75.6 71 75 80 85 75.44 71 75 79 85

SBP 115.89 110 120 120 120 115.69 110 120 120 120

DBP 76.15 70 80 80 80 75.92 70 80 80 80

FPG 84.9 79.3 85.1 91.4 96.3 84.7 79.3 84.7 90.4 96.3

TG 101.48 76.83 98.28 125.93 144.77 101.16 76.17 98.28 125.94 145.00

HDL 52.04 43.76 46.00 50.92 58.39 52.21 43.72 45.88 51.13 58.40

Ch 150.66 134.29 152.61 169.77 194.91 148.71 134.00 152.43 167.34 191.92

LDL 89.90 76.81 89.02 99.69 130.20 87.06 76.33 88.19 98.56 114.85

AST 23.45 20.22 22.56 26.91 34.26 23.32 20.16 22.50 26.32 34.28

ALT 22.98 17.51 21.66 27.50 36.87 22.79 17.49 21.36 27.21 36.57

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY
of liver disease in the present study had a median of 22.56
(IQR 20.23–26.91) and 21.36 (IQR 17.49–27.21) [240_TD$DIFF]U/L for
AST and ALT respectively, with a 95th percentile of 34.28
and 36.57 U/L for AST and ALT, respectively (Table 1).
The median and 95th percentile of AST and ALT levels
among the healthy population (Group III) was signifi-
cantly lower than that among the total population study
(Group I) and NAFLD subjects (Group II) (all P-values
<0.001).Various parameters were correlated with AST and
ALT levels in the normal population by Pearson’s/Spear-
man’s correlation coefficient. None of the parameters
studied (age, weight, BMI, blood pressure, FPG) affected
the AST and ALT levels among the healthy subjects
(Group III) (Table 5).
DISCUSSION

Serum aminotransferases AST and ALT are routinely
measured to assess the liver function in patients with
suspected liver disease. The normal range for AST and
ALT levels (<40 [206_TD$DIFF]IU/L) have not changed for the last more
than 65 years.1 The healthy reference values at that time
were determined principally from studies performed
before the introduction of anti-HCV testing, and prior
to the recognition of high prevalence of NAFLD in the
general population.1,2 The upper limits of normal thus set
at that time may have included many patients with
chronic hepatitis C (CHC) and NAFLD thereby falsely
raising the upper limits. Lately, several studies which
looked at the upper limit of normal aminotransferases
in different populations have suggested that the levels
may be lowered.3–9 Our study by including 3 different
groups of subjects also support the concept that the upper
Journal of Clinical and Experimental Hepatology | March/April 2019 | Vol. 9 |
limits of AST and ALT should be revised in normal healthy
adults and presence of NAFLD should be taken into
consideration while assessing the normal levels of AST
and ALT.

The first study on the subject came from Italy which
included 3927 blood donors (1995 men, 1932 women)
with normal BMI, normal lipids and glucose levels and
found the upper limit of ALT to be 30 IU/L for men and
19 IU/L for women.3[241_TD$DIFF] But unlike our study, detailed eval-
uation for metabolic syndrome and NAFLD was not done
in that study. Piton et al.17 from France while evaluating
blood donors suggested that definitions of normal ALT
values should be adjusted for gender and BMI to reduce
the artificial heterogeneity. Another study carried out in
Spain18 with 1036 consecutive blood donors found upper
normal value for ALT in men to be 56 IU/L and 34 IU/L
for women. Comparatively high values in the study were
attributed to drugs, exercise, or infections.

The first study in Asia to define upper lower normal for
serum ALT and factors associated with serum ALT activity
was conducted by Mohamadnejad et al.5[242_TD$DIFF] in Iran with 1939
blood donors. Upper limit of normal for non-overweight
women (BMI of <25 [243_TD$DIFF]kg/m2) was 34 U/L, and for non-
overweight men was 40 U/L. The higher ULN in their
study is likely the result of higher BMI cut-off of 25 [245_TD$DIFF]

kg/m2
[244_TD$DIFF] for overweight in comparison to 23 kg/m2 taken

in our study. In a large retrospective study from Israel,4 in
the healthy population of 17,496 subjects the new ULN
for ALT was 44.9 U/L for males, higher than that observed
in our study. Potential limitations to their study were the
retrospective design of the study, lack of tests for anti-
HCV or HBsAg in many subjects, and no BMI data, which
is the single most determinant of ALT as been observed in
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many studies.5[246_TD$DIFF],17 A study from Korea in 1105 potential
liver donors with biopsy-proven normal livers found
35 IU/L as the threshold for ALT in men which are similar
to that observed in our study.6[247_TD$DIFF] In another recent study
with 175 potential living liver donors with biopsy proven
normal liver on histology, from Saudi Arabia, showed
healthy ALT values of 33 IU/L for men and 22 IU/L for
women.19 Slightly lower values in their study in compari-
son to ours could be due to undiagnosed NAFLD which
might not have been picked up on ultrasound in some of
our subjects. The most recent Asian study was done in
China with 2137 apparently healthy subjects excluding
NAFLD and metabolic parameters that affect AST and
ALT.9 The upper cut-off values of serum AST and ALT
were 25.35 U/L and 22.15 U/L for men and 24.25 U/L and
22.40 U/L for women, respectively. Similar to our results,
they also found that alcohol consumption, serum choles-
terol and TG levels, and BMI had significant impact on
AST and ALT levels.

There is also paucity of data regarding the normal level
of aminotransferases in the Indian population and the
current reference range for aminotransferases may under-
estimate the prevalence of CLD. Dietary and behavioural
risk for liver disease is widespread in India; hence defini-
tion for healthy range of aminotransferase levels is war-
ranted. A study from Western India with 4917 individuals
(4643 males, 94.4% and 274 females, 5.6%) reported mean
AST and ALT levels in males as 23.4 [249_TD$DIFF]� 9.9 IU/L and
27.0 � 17.3 IU/L and in females 19.1 � 9.8 IU/L and
17.7 � 11.2 IU/L, respectively.10 [248_TD$DIFF] With increase in BMI
and waist hip ratio, there was a significant increase in
AST and ALT levels. Another study fromNorth India with
67 male and 97 female liver donors with normal histology,
95th percentile for AST and ALT were 33.8 [250_TD$DIFF]IU/L and
38.6 IU/L for males and 31 IU/L and 35.2 IU/L for
females, respectively.11

In our study, the median AST and ALT in the total
study population were 27.69 (IQR 22.33–37.04) and 34.19
IU/L (IQR 23.12–54.87), respectively. The 95th percentile
for AST and ALT in the total study population group
(Group I) were 63.51 and 111.09 [224_TD$DIFF]U/L, respectively. Since
the subjects in total study population had overweight,
obesity, multiple metabolic parameters, metabolic syn-
drome andNAFLD, these figures above could not be taken
to define normal values of aminotransferase levels. Since
majority of the subjects (93%) in the NAFLD group had
overweight or obesity or central obesity and 242 (54.2%)
had metabolic syndrome, AST and ALT levels in this
group may not be the true representatives of healthy
population. The median AST and ALT levels among
Group III subjects (155) with no evidence of NAFLD
and no metabolic syndrome parameter was 22.50 (IQR
19.23–26.50) and 22.10 (IQR 17.49–27.60) respectively,
with a 95th percentile of 34.23 and 37.66 [251_TD$DIFF]U/L for AST
and ALT, respectively. Further exclusion of subjects with
198
abnormal TC and LDL also did not result in any signifi-
cant difference in AST/ALT levels between Groups IIIA
and IIIB. The Group IIIB with minimal risk of liver disease
in the present study had a median of 22.56 (IQR 20.23–
26.91) and 21.36 (IQR 17.49–27.21) [240_TD$DIFF]U/L for AST and ALT
respectively, with a 95th percentile of 34.28 and 36.57 U/L
for AST and ALT, respectively. The median and 95th
percentile of AST and ALT levels among the healthy
population (Group III) was significantly lower than that
among the total population study (Group I) and NAFLD
subjects (Group II) (all P-values <0.001).

Since our study was limited to only male subjects, the
effect of gender on AST/ALT activity could not be ana-
lyzed. The reason for the absence of females in our study
was related to the differential gender distribution among
the donors in our institute. Even though we screened a
large number of subjects, the numbers of healthy subjects
were reduced due to the presence of fatty liver and meta-
bolic derangements in many subjects. In conclusion, our
data suggests that upper limit of normal (ULN [252_TD$DIFF][190_TD$DIFF]= 95th
percentile) of AST and ALT in subjects without fatty liver,
no metabolic risk factors with normal BMI and lipids
should be 34.28 U/L and 36.57 U/L in the healthy Indian
males. Metabolic risk factors and NAFLD are important
parameters which affect the AST and ALT levels in healthy
blood donors.
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