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Abstract
Alanine aminotransferase (ALT) is a cytosolic enzyme specific to hepatocytes, and its elevated level in the peripheral blood
denotes liver cell injury. Detection of persistently elevated ALT levels during routine health check-up in asymptomatic or
symptomatic individuals provides a window of opportunity to explore the causes of liver cell damage and for the timely
institution of appropriate treatment. This was a retrospective study using a subset of the data from a previous community-
based prospective study done for the estimation of the prevalence of celiac disease (CD) in India, during which estimation of
ALT levels in the blood samples of participants was also carried out. Of the 11,053 individuals (4399 [39.8%] males; mean age
37.9 ± 13.3 years) screened, 6209 consented to provide blood samples for testing for CD. Of these, assessment of serum ALT
levels was done in 6083 (2235 [36.7%] males) patients. ALT was elevated above the upper limit of normal (ULN) (> 40 IU/L) in
1246 (20.5%) of the participants and > 1.5 times (> 60 IU/L) in 329 (5.4%) participants. The ALT levels were elevated more
frequently in men as compared to women (29.4% vs. 15.3%, p < 0.001). There was a significant positive correlation (Pearson
correlation coefficient [r] = 0.25, p < 0.0001) between ALT levels and body mass index (BMI). With increasing age, there was a
significant decrease in the proportion of subjects with ALT ≥ 1.5× ULN (p < 0.001). Our results suggest that a high proportion
(20.5%) of individuals otherwise considered healthy have values of ALT level in the serum above the “normal” range/cut-off
suggesting likely ongoing underlying liver damage. There is a need for measures to evaluate and, if found, treat the underlying
cause for the same.
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Introduction

Alanine aminotransferase (ALT) is a cytosolic enzyme specific to
hepatocytes, and its elevated level in the peripheral blood denotes
liver cell injury [1]. While the determination of the serum levels
of ALT is currently themost commonly applied test for screening
for liver diseases, its level in blood also acts as a surrogate marker
of the severity of liver disease [2]. Elevated serum ALT levels
have been shown to be associated with age, gender, obesity,
metabolic syndrome, ingestion of hepatotoxic drugs, and various
forms of acute and chronic hepatitis including viral, alcoholic,
and non-alcoholic fatty liver disease (NAFLD) [3–5]. Detection
of persistently elevated ALT levels during routine health check-
up in asymptomatic or symptomatic individuals provides a win-
dow of opportunity to explore the causes of liver cell damage and
for the timely institution of appropriate treatment [6]. In a single

* Govind K. Makharia
govindmakharia@gmail.com

1 Department of Gastroenterology and Human Nutrition, All India
Institute of Medical Sciences, Ansari Nagar, New Delhi 110 029,
India

2 Department of Community Medicine, All India Institute of Medical
Sciences, New Delhi 110 029, India

3 Department of Laboratory Medicine, All India Institute of Medical
Sciences, New Delhi 110 029, India

4 Department of Biostatistics, All India Institute of Medical Sciences,
New Delhi 110 029, India

Indian Journal of Gastroenterology (December 2020) 39(6):608–613
https://doi.org/10.1007/s12664-020-01091-2

Prevalence of elevated alanine aminotransferase levels in adult
participants from a community-based study from northern
part of India

http://crossmark.crossref.org/dialog/?doi=10.1007/s12664-020-01091-2&domain=pdf
http://orcid.org/0000-0002-2474-2194
mailto:govindmakharia@gmail.com


community-based study from the southern part of India including
10,765 healthy subjects, Annasamy et al. showed that 18% of
healthy subjects had elevated ALT [7]. There is a lack of data on
the community prevalence of high ALT in northern India.

Methods

This was a retrospective analysis using a subset of data from a
previous Indian Council of Medical Research–supported
community-based prospective study done to determine the prev-
alence of celiac disease (CD) in India, the results of which have
been published earlier [8]. As a part of the incentive for partici-
pation in the above-mentioned study, we also assessed the levels
of ALT, random blood sugar, and hemoglobin in the blood sam-
ples drawn for the screening for CD by estimation of anti-tissue
transglutaminase antibody (anti-tTG Ab). The study protocol
was approved by the Institutional Ethics Committee (IEC refer-
ence no. IEC/NP-45/2011), and an informed and written consent
was taken from each participant. The results of serumALT levels
of participants from northern India from a total of 33 villages and
27 urban wards are being presented here. In total, 11,053 indi-
viduals (4399 [39.8%] males; mean age 37.9 ± 13.3 years) were
screened, of whom 6209 consented to provide blood samples for
testing for CD. Assessment of serum ALT levels was done in
6083 (2235 [36.7%] males) patients on the same day of blood
collection using a semi-automated bio-analyzer (Mindray BA-88
A, Shenzhen, China). A serum ALT level of 40 IU/L was con-
sidered as a cut-off for the upper limit of normal (ULN) for the
ALT level. All the blood samples were screened for anti-tTG Ab
by Aeskulisa CELICHEK tTG-A New Generation kits (Catalog
No. 3503, Aesku Diagnostics Gmbh, Wendelsheim, Germany).
The samples that tested positive in the first assay were subjected

Bullet points of the study highlights

What is already known?
Elevated level of a lanine aminotransferase (ALT) in the peripheral blood denotes liver cell
injury.

What is new in this study?
ALT was elevated above the upper limit of normal (>40 IU/L) in 20.5% of the participants, 
and >1.5 times (>60 IU/L) in 5.4% participants.

What are the future clinical and research implications of the study findings?
A substantial number of people in community likely have an ongoing liver injury, and this
knowledge provide an opportunity to evaluate and treat them.
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Fig. 1 Flow of participants through the study. ALT alanine
aminotransferase, CD celiac disease, tTG tissue transglutaminase
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to a more specific test, an enzyme-linked immunosorbent assay
(ELISA; QUANTA Lite h-tTG IgA ELISA, Catalog No.
708760, Inova Diagnostics, San Diego, CA, USA) that used
purified human erythrocyte tTG to capture and measure anti-
tTG Ab. Seropositivity for CD was defined as the presence of
anti-tTG Ab with positive Aesku ELISA with titer > 18 U/mL
with a subsequent positive Inova ELISA > 30 U/mL.

Statistical analysis

Data were analyzed in STATA version 15 (StataCorp, College
Station, TX, USA). Baseline clinical characteristics were de-
scribed as mean (SD) for age and ALT, and percentage for body
mass index (BMI) categories and gender. The proportion of sub-
jects with ALT more than 40 IU/L and 60 IU/L were estimated
across categories like age, BMI, and sex. The p-value for trend
was calculated for age and BMI to test for trend. The Chi-square
test was applied to look for the difference between the two sexes.
We used analysis of variance (ANOVA) with post-hoc
Bonferroni for testing significant differences across age groups
and BMI. We used a multivariable linear regression model to
look for the association of age, BMI, and sex with ALT levels.
Pearson coefficient was calculated to assess the correlation be-
tweenALT levels andBMI. Chi-square test was used to compare

the differences in proportion of patients with normal and elevated
ALT who had serological evidence of CD.

Results

The flow of participants in our study is depicted in
Fig. 1. The ALT levels in the serum were elevated
above the ULN cut-off (≥ 40 IU/L) in 1246 (20.5%)
participants, and it was elevated to more than 1.5 times
(> 60 IU/L) in 329 (5.4%) participants (Table 1). The
elevation of ALT levels above the cut-off was more
frequent in men compared to women (29.4% vs.
15.3%, p < 0.001). The distribution of ALT levels in
our study participants is shown in Fig. 2. There was a
significant positive correlation (Pearson correlation coef-
ficient [r] = 0.25, p < 0.0001) between ALT levels and
BMI (Table 2; Fig. 3), with a higher proportion of pa-
tients displaying elevated ALT levels with increasing
BMI. With increasing age, there was a statistically sig-
nificant decrease in the proportion of subjects with ALT
≥ 1.5× ULN (Table 1). The proportion of patients hav-
ing serological evidence of CD was not significantly
different between the groups with normal and elevated
ALT levels (1.32% vs. 0.88%, p = 0.209).

Table 1 Table showing mean alanine aminotransferase (ALT) levels and derangements in various subgroups. SD standard deviation, IU international
unit, L litre, BMI body mass index

Mean (± S.D.) ALT
levels (IU/L)

% of patients with
elevated ALT (≥ 40 IU/L)

% of patients with
elevated ALT (≥ 60 IU/L)

Age categories, years (n = 6083) (n = 1246) (n = 329)
< 20 (n = 114) 28.7 (17.2) 18 (15.8%) 8 (7.0%)
20–29 (n = 1597) 31.5 (17.2) 303 (19.0%) 97 (6.1%)
30–39 (n = 1756) 32.8 (17.5) 427 (24.3%) 109 (6.2%)
40–49 (n = 1230) 32.2 (15.9) 268 (21.8%) 67 (5.5%)
50–59 (n = 718) 31.5 (16.0) 144 (20.1%) 31 (4.3%)
≥ 60 (n = 668) 27.5 (14.0) 86 (12.9%) 17 (2.5%)
p-value < 0.0001a 0.01b < 0.001b

BMI categories (n = 4116)
< 18.5 kg/m2(n = 505) 23.7 (8.8) 27 (5.4%) 2 (0.4%)
18.5–22.9 kg/m2 (n = 1723) 28.7 (14.4) 256 (14.9%) 56 (3.2%)
23–24.9 kg/m2 (n = 866) 32.9 (16.5) 220 (25.4%) 46 (5.3%)
25–29.9 kg/m2 (n = 837) 35.7 (18.8) 242 (28.9%) 74 (8.8%)
≥ 30 kg/m2 (n = 185) 38.4 (20.0) 63 (34.0%) 19 (10.3%)
p-value < 0.0001a < 0.001b < 0.001b

Sex (n = 6083)
Males (n = 2235) 35.7 (20.3) 657 (29.4%) 214 (9.6%)
Females (n = 3848) 29.1 (13.5) 589 (15.3%) 115 (3.0%)
p-value < 0.0001c < 0.001d < 0.001d

Total (n = 6083) 31.5 (16.6) 1246 (20.5%) 329 (5.4%)

a p-value calculated by ANOVA
b p-value calculated for trend
c p-value calculated by t test
d p-value calculated by Chi-square test
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Discussion

Our study suggests a high prevalence of elevated ALT levels
in apparently healthy community dwellers in the northern part
of India, similar to a previous study from southern India. Our
study also shows a higher prevalence of elevated ALT levels
in men compared to women and a significant increase in the
proportion of patients with elevated ALT levels with an in-
crease in the BMI, which could possibly be related to a higher
prevalence of NAFLD and metabolic syndrome in patients
with higher BMI, as seen in previous studies [9, 10].

In our study, we have used the ULN for ALT as 40 IU/L as
described previously [1]. Using this cut-off, we found that
20% of the healthy individuals in our study had elevated level
of ALT and it was estimated to be more than 1.5 times (>

60 IU/L) in 5.4% participants. However, recent studies have
shown that the ULN for ALT in healthy Indian individuals is
much lower (28–37 IU/L in males, 24 IU/L in females), which
would make the findings even more significant, suggesting
high levels of ongoing liver cell injury in these individuals
[11, 12]. While the inclusion of a large number of subjects is
a major strength of the study, such data should be interpreted
with caution. We have estimated ALT at a single point of time
and there is no follow-up data. Furthermore, we have not
assessed any subject with elevated ALT for its etiology and
thus the underlying cause for this abnormality cannot be
ascertained from this study. Although there was no difference
in the proportion of patients with CD between the two groups,
the evidence is not conclusive and CD as one of the causes for
the elevation of ALT cannot be ruled out. Many of these

Table 2 Association of alanine
aminotransferase (ALT) with
clinical characteristics (age, body
mass index [BMI], and sex). CI
confidence interval

Variable Adjusted beta coefficient (95% CI) p-valuea

Age (n = 6083) − 0.11 (− 0.15 to − 0.07) < 0.001

BMI categories (n = 4116)

18.5–22.9 kg/m2 (n = 1723) Reference

< 18.5 kg/m2(n = 505) − 4.92 (− 6.44 to − 3.41) < 0.001

23–24.9 kg/m2 (n = 866) 4.04 (2.79 to 5.29) < 0.001

25–29.9 kg/m2 (n = 837) 7.14 (5.87 to 8.41) < 0.001

≥ 30 kg/m2 (n = 185) 10.64 (8.31 to 12.97) < 0.001

Sex (n = 6083)

Males (n = 2235) Reference < 0.001

Females (n = 3848) − 6.45 (− 7.45 to − 5.46) < 0.001

a p-value calculated by multivariable linear regression

Fig. 2 Distribution of alanine
aminotransferase values (IU/L) in
the study community
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subjects might have non-alcoholic fatty liver disease, alcohol-
related liver disease, hepatitis B virus (HBV) and hepatitis C
virus (HCV) infection, or some other cause for the elevated
transaminase levels, and our study suggest that there is a sig-
nificant need for public health efforts to evaluate the underly-
ing disease and treat these apparently healthy individuals be-
fore the disease has advanced [13].

To conclude, the study suggests a high prevalence of
elevated ALT levels in asymptomatic healthy community
dwellers, possibly indicating ongoing underlying liver
damage. There is a higher prevalence in males and in indi-
viduals with higher BMI, which needs to be appropriately
investigated and managed accordingly. Public health ini-
tiatives should focus on the evaluation for possible reasons
of these derangements and appropriate preventive studies
should be initiated.
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