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The etiology of hypertransaminasemia in Turkish children
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ABSTRACT

The aim of this study was to investigate the causes of elevated levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
in children. We analyzed the medical records for children aged 3 months to 18 years who presented to the hospital with ALT >45 [U/L and/or
AST >50 IU/L, between 2012 and 2014, for various reasons, including those not related to liver disease. In total, 281 children met the study
criteria. This group comprised of 125 (44.5%) females and 156 (55.5%) males. At the presentation, the most common patient complaint was
fatigue (53.4%), while 15.7% of the patients reported no symptoms. The most common findings on the physical examination were jaundice and
hepatomegaly. In 15% of the cases, the findings were normal. According to the diagnosis, the most common cause of the elevated transaminases
were infections (34%), with hepatitis A virus (HAV) infection as the leading cause (18.9%). Drug-induced liver injury (DILI) was the cause in
18.1% of the cases and non-alcoholic fatty liver disease (NAFLD) in 11.1%. The highest transaminase levels were associated with HAV infection,
while DILT and NAFLD caused only slightly elevated transaminases. Overall, our results show that the elevated transaminases in children are
most often caused by infections, DILI, and NAFLD. In a majority of cases, elevated ALT and AST indicate liver disease, however, they could also

be associated with conditions other than liver damage. Additionally, the elevated enzymes can be detected in completely healthy individuals.
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INTRODUCTION

Alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) are normally found in the plasma at low lev-
els [1-3]. When tests show increased levels of these enzymes,
further analyzes must be performed in order to make a differ-
ential diagnosis. Although the elevated transaminases indicate
liver damage in a majority of cases, other conditions can also
cause this increase [4-7].

Several causes can lead to increased levels of the transam-
inases including infectious, metabolic, toxic, inflammatory,
infiltrative, and traumatic causes. When serum AST levels are
higher than ALT in the absence of signs and symptoms of liver
disease, this should lead to a consideration of occult muscle
disease as a probable source [8].

Several studies report that the prevalence of the elevated
transaminases in children varies according to the region, food,
sanitation, the period of year and the quality of healthcare. In
underdeveloped countries, infections are the leading cause
associated with the elevated liver enzymes, with hepatitis A
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virus (HAV) as the most common cause of the infections. On
the contrary, non-alcoholic fatty liver disease (NAFLD) asso-
ciated with obesity is the most common cause in developed
countries [9-18].

Although the prevalence and causes of the elevated trans-
aminases have been extensively studied in adults [19], there is
no sufficient information regarding the prevalence and causes
in children. In the pediatric population, the prevalence of ele-
vated transaminases was reported to be 3.5-12.4% [2,20,21].
NAFLD and viral infections were determined as the most
common causes of hypertransaminasemia [5,20-22].

To date, only one study was investigating the elevated
transaminases in children age 0-15 years in Turkey. That study
included only hospitalized children already receiving a spe-
cific treatment [23].

In contrast, we wanted to investigate demographic char-
acteristics and diagnoses of children aged 3 months-18 years
who presented to our hospital with elevated ALT and AST
values, regardless of the condition.

MATERIALS AND METHODS

The transaminase levels of the outpatients and patients
were recorded from the hospital records system (MEDULA).
Local Clinical Research Ethics Committee approved the study
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and informed consent was obtained from all the subjects or
parents.

We included patients aged between 3 months and 18 years,
visiting our hospital as outpatients or hospitalized at any of the
departments, between December 2012 and December 2014.
The values of AST >50 IU/L and ALT >45 [U/L were consid-
ered as elevated in accordance with the literature [24], and the
elevated enzyme levels had to be detected at least twice in the
last month.

Patients below the age of 3 months and older than 18 years,
as well as those with only one elevated result or with incom-
plete medical records were excluded from the study.

Data on demographic characteristics, complaints, physical
examination, biochemical, serological, and molecular/genetic
testing, ultrasonography (US) findings, liver biopsy results as
well as the clinical course were recorded for all the patients.

Obesity-related NAFLD was diagnosed only if the child
was obese or overweight. Body mass index (BMI) above the
95" and 8s™ percentile for age was used for defining obesity

and overweight respectively. In addition, the observation of

bright liver on ultrasound scanning was used to make the
diagnosis in the absence of all other known causes of liver dis-
ease, in accordance with the literature [25].

Autoimmune hepatitis (AIH) was investigated according
to the criteria established by the International Autoimmune
Hepatitis Group [26].

The diagnosis of Epstein-Barr virus (EBV) infections was
made based on the increase of serum ALT levels and early
positive immunoglobulin M antibody to EBV viral capsid anti-
gen (anti-EBV VCA IgM).

The diagnosis of suspected drug-induced liver injury
(DILI) was made as described by Tajiri et al. [27]. DILI was
classified into three types: hepatocellular, cholestatic, and
mixed according to the American College of Gastroenterology
Clinical Guideline [28].

The diagnosis of NAFLD was made based on the evidence
of hepatic steatosis by US findings, and also based on the evi-
dence that there were no causes of hepatic fat accumulation
such as significant alcohol consumption, the use of steatogenic
medication, or hereditary disorders. Ultrasonography findings
scored in this study included hepatorenal echo contrast, liver
brightness, deep attenuation, and vascular blurring defined by
Hamaguchi et al. [29]. Scores ranged from o to 6 points and
NAFLD was defined if US score was =1.

The patients were subdivided into 4 groups according to
the age, ALT,and AST values. The age groups were 3 months-2
years, 3-5 years, 6-12 years, and 13-18 years. The ALT values for
grouping were 46-100 1U/L, 101-5001U/L, 501-1.000 [U/L, and
>1.000 IU/L. The AST values for grouping were 50-100 [U/L,
101-500 1U/L, 501-1.000 IU/L, and >1.000 IU/L. The diagno-
ses were compared according to the groups.

Statistical analysis

Statistical analyses were performed using Statistical
Package for Social Science for Windows (SPSS) version
15.0 (SPSS Inc. Chicago, IL, USA, 2006) software. Measurable
variables were stated as mean+standard deviation (SD) or
standard error (SE). For comparing groups defined by num-
bers the Chi-square test was used. The Mann Whitney U-test
was used to compare the mean values of the measurements of
two independent groups. p<0.05 was considered statistically
significant.

RESULTS

From a total of 41,155 children aged 3 months-18 years,
who presented at the hospital within the 2-year period, the
transaminase tests were requested for 10,915 children. Among
these, the elevated enzyme levels were detected in 786 cases
(7.2%). In this group 505 cases did not met the study criteria
and were excluded from the study. A total of 281 cases met
all the study criteria and were evaluated. These comprised of
125 (44.5%) females and 156 (55.5%) males with a mean age of
7.01£5.24 years (range, 3 months-18 years). According to the
gender, no statistically significant difference was determined
in the mean age (p=0.061) nor in the age groups (p=0.174).

The most common complaint on the presentation was
fatigue, with 150 patients (53.4%) reporting this symptom. In
45 cases, the elevated transaminase levels were determined
using preoperative testing before surgery (e.g. tonsillectomy)
which was performed outside the pediatric clinic. Complaints
of the patients are presented in Table 1. Two hundred thir-
ty-seven patients (84.3%) had at least 1 complaint on the pre-
sentation. Forty-four of them (15.7%) were asymptomatic. A
comparison between the two groups is presented in Table 2.

The most common findings on the physical examination
were jaundice and hepatomegaly, both determined in 64
patients (22.8%). Splenomegaly was observed in 30 (10.7%) and
tonsillitis and upper respiratory tract symptoms in 12 patients

TABLE 1. Complaints of the patients

Complaints Total n (%)
Fatigue 150 (53.4)
Abdominal pain 119 (42.3)
Fever 115 (40.9)
Jaundice 58 (20.6)
Vomiting 26 (9.3)
Obesity 24 (8.5)
Sore throat, swelling in the neck 24.(8.5)
Trauma 14 (5.0)
Diarrhea 12 (4.3)
Others (rash, constipation, failure to

thrive, electrical shock, tick bite, swelling 62 (22.1)
of joint, alterations of the consciousness...)

No complaints 44 (15.7)
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(4.3%). In 42 patients (15%), the physical examination was com-
pletely normal (Table 3).

The mean ALT values in all the cases were determined as
540+67 IU/L (range, 44—9.176 IU/L), and the mean AST values
as 474=69 1U/L (range, 9—11.507 IU/L). No statistically signifi-
cant difference was determined between the age groups with
respect to the mean ALT and AST values (p=0.37, p=0.99).

When the patients were grouped according to the diag-
nosis, the leading cause were infections, occurring in 96 cases
(34%). These infections were associated with HAV (18.5%),
hepatitis B virus (HBV) (1.1%), EBV (5%), Cytomegalovirus
(CMV), Parvovirus, and brucellosis (1.1%). The second most
common cause of the elevated transaminases was suspected
DILI, detected in 51 (18.9%) cases. Types of liver injury were
hepatocellular in 35 patients, cholestatic in 11 patients, and
mixed in 5 patients. Other diagnoses were NAFLD in 31
(11.1%) patients, multi-trauma in 14 (5%), muscular dystrophy
in 9 (3.2%), total parenteral nutrition related in 9 (3.2%), sep-
sis in 6 (2.1%), AIH in 6 (2.1%), metabolic diseases in 5 (1.8%),
cholesistitis with cholelithiasis in 5 (1.8%), non-drug-related
toxic hepatitis in 3 (1.1%), hypoxia in 2 (0.7%), rhabdomyolysis
in 2 (0.7%), mushroom poisoning in 2 (0.7%), malnutrition in
2 (0.7%), and other diagnosis in 13 (4.5%) patients. Idiopathic
cases with unknown etiology were determined in 18 patients
(6.4%). Causes that are not associated with liver disease were
determined in 4% of the patients.

In asymptomatic patients, the most frequent causes of the
elevated transaminases were DILI (31.8%), idiopatic (18.2%),
and myopathy (11.4%). However, HAV (21.5%), DILI (16.5%)
and NAFLD (11.4%) were the most frequent causes in symp-
tomatic patients.

TABLE 2. Differences between symptomatic and asymptomatic
patients with respect to age, sex, mean ALT and AST values, and
follow up

Symptomatic  Asymptomatic

Variable 1237 el p
Age (years) 744+5.23 4.74+4.76 0.02
Sex (male/female) 134/103 22/22 042
ALT IU/L (mean+SEM) 61178 155436 0.000
AST IU/L (mean+SEM) 521+78 120423 0.000
AST/ALT >1 >1 0.8

Time to normalization (days) 37,14+5,23 125,46+23,66 0.01
Biopsy performed (1) 13 9 0.02

SEM: Standard error mean, ALT: Alanine aminotransferase, AST: Aspartate
aminotransferase

TABLE 3. Findings of the physical examination

Findings Total 1 (%)
Hepatomegaly 64 (22.8)
Jaundice 64 (22.8)
Splenomegaly 30(10.7)
Tonsillitis or findings of upper respiratory infection 12 (4.3)
Findings suggestive of trauma 8(2.8)
Others (arthritis, failure to thrive, respiratory insufficiency...) 9(32)

When the evaluation of diagnosis was made according to
the age groups, the most common causes in the infant group
(aged 3 months-2 years) were drugs and idiopathic causes.
In 15 (19.2%) patients, the elevated transaminase levels were
caused by DILL in 15 patients (19.2%) the underlying reason
could not be determined, and in 14 (17.9%) the cause was
related to infections other than viral hepatitis. In the pre-
school-age group (3-5 years), HAV infection-related elevated
transaminase levels were determined in 8 (16.6%) patients,
DILIin 7 (14.5%) and EBV in 7 (14.5%). In school-age children
(6-12 years) HAV infection was the primary cause as deter-
mined in 32 (30%) patients, DILI was detected in 20 (18.6%),
and NAFLD in 16 (14.9%). In the adolescent-age group (13-18
years), the leading cause of the elevated transaminase lev-
els was NAFLD, determined in 13 (27%) patients, followed
by HAV infection detected in 12 (25%), and DILI in 9 cases
(18.7%).

In the group with slightly elevated levels of ALT
(46-100 IU/L), DILI was determined as the cause in 33 (28.7%)
patientsand NAFLD in 19 (16.5%). In the group with moderately
elevated levels of ALT (101-500 IU/L), DILI was again the lead-
ing cause, determined in 18 (17.1%) patients. In the group with
highly elevated levels of ALT (501-1.000 IU/L) HAV infection
was diagnosed in 13 patients (65%). Finally, in the group with
very high levels of ALT (>1.000 IU/L) HAV infection was also
the leading cause, determined in 33 (82.5%) patients.

In the group with slightly elevated levels of AST (s0-100
[U/L), DILI was determined as the cause in 33 (28.7%) patients,
and NAFLD in 11 (10%) patients. In the group with moderately
elevated levels of AST (101-500 IU/L), DILI was again the lead-
ing cause, determined in 16 (16.5%) patients. In the group with
highly elevated levels of AST (s01-1.000 IU/L) HAV infection
was diagnosed in 12 patients (57.1%). In the group with very
high levels of AST (>1.000 IU/L) HAV infection was also the
leading cause, determined in 27 (79.4%) patients.

When the mean ALT and AST values were evaluated
according to diagnosis, the highest levels of the enzymes were
detected in the viral hepatitis group and the lowest levels in
the DILI group (Table 4).

Liver biopsies were performed on 22 (7.8%) patients. In
19 (86%) of them, the histopathological result contributed to
diagnosis. Based on the biopsy results, hepatosteatosis, AIH,
and chronic hepatitis were each determined in 4 patients. In
2 cases, the results of biopsy were evaluated as normal.

Serological testing was performed in 196 patients (70%),
among these, in 83 cases (42%) diagnosis was made based on
the test results. Using this method, HAV was most commonly
diagnosed, with 51 cases showing a HAV infection. Following
were EBV, diagnosed in 18 patients, CMV or herpes simplex
virus (HSV) in 6, HBV in 3, brucellosis in 3, Fasciola hepatica
in 1, and Parvovirus B19g in 1 case.
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TABLE 4. Mean ALT and AST values according to the causes

. . Mean+SE (IU/L)
Diagnosis — —
ALT AST

HAV 1.826+220 1.322+175
HBV 937+866 573+515
Drugs 144+21 148+35
NAFLD 86+6 57+4
Infections other than viralcauses 264+73 216455
Idiopathic 280191 110+27
Abdominal trauma 811+644 1.047+805
EBV 182+21 142+22
Myopathy 28059 210433
TPN 121429 1534115
Sepsis 10315 186153
Autoimmune hepatitis 260+107 215+97
Metabolic disease 681+557 1.872+1666
Cholesistitis with cholelithiasis 140+26 82+14
Brucellosis 150474 141+43
Non drug induced-toxic hepatitis 313226 179+107
PFIC-type 1 (Byler disease) 109+16 121+18
Wilson disease 159+26 108+13
Hypoxia 2754219 591+427
Rhabdomyolisis 139493 391+161
Mushroom poisoning 1.506+1421 23062160
Malnutrition 138+10 228+118
Total 540+67 474429

HAV: Hepatitis A virus, HBV: Hepatitis B virus, NAFLD: Non-alcoholic
fatty liver disease, EBV: Epstein-Barr virus, TPN: Total parenteral nutrition,
PFIC: Progressive familial intrahepatic cholestasis, ALT: Alanine
aminotransferase, AST: Aspartate aminotransferase

The US examination was carried out in 156 (55%) cases,
and contributed to making a diagnosis in 51 patients (32%).
Among these, hepatosteatosis was diagnosed in 27 cases, gall-
stones in 9, liver or spleen contusion and/or laceration in 7, a
heterogeneous appearance in 3, a cyst or mass in 3, Fasciola
hepatica in 1, and hemangioma in 1 case.

Genetic-molecular testing was requested in 8 patients.
In 1 case (Wilson disease), the diagnosis was made based on
these results.

Magnetic resonance imaging or computed tomography
was applied to 8 (3%) patients who had a severe abdominal
trauma, providing a diagnosis in 6 cases.

During the follow-up period, 2 patients were transferred
to another center for liver transplantation, because of fungal
poisoning in the first and progressive familial intrahepatic
cholestasis in the second case.

The mean normalization times of the transaminases were
12.442.5, 27.21+3.4, 29.4%8.49, and 95.66+27.24 days in the EBV,
DILL HAV, and idiopathic groups, respectively. The normal-
ization time was significantly shorter in the EBV and DILI
group compared to the other groups. Among 31 patients with
NAFLD there were 5 patients with normal weight, 4 over-
weight, and 22 obese patients. In seven of them, the transam-
inase levels returned to normal within 235.71+53.75 days due
to weight loss.

Throughout the study period, 7 patients died. These
include: 3 cases of malignancy (2 brain tumors, 1 Ewing sar-
coma), 2 cases of sepsis (1 with cystic fibrosis), 1 case of pul-
monary aspiration, and 1 case of metabolic disease (organic
acidemia).

DISCUSSION

In a community-based study in the USA, the prevalence
of elevated ALT was determined as 7.4% in Caucasians, 11.5%
in Mexican Americans, and 6% in African Americans [20].
Regarding other community-based studies, rates of elevated
ALT were determined in 6.5% of the Korean adolescents (2],
as well as in 3.8% of the Mexican girls and 9.8% of the Mexican
boys [21]. To our knowledge, no similar community-based
studies were conducted in Turkey nor in other countries. Even
though the current study was hospital-based, the elevated lev-
els of the transaminases were determined in children at the
rate of 7.2%.

Complaints accompanying the elevated transaminases
can show many variations. In addition, the elevated enzymes
can be detected incidentally in completely asymptomatic
cases [6,23]. In the current study, the most common com-
plaint on the presentation was fatigue (53.4%). In 15.7% of
the cases no complaints were reported, and the diagnosis
was made completely by coincidence. As expected, the most
common physical examination findings were hepatomegaly
and jaundice (22.8%). In 2% of the cases, the Gowers’ sign was
positive. For 15% of the patients, the physical findings were
normal.

In underdeveloped countries, the leading cause of the
elevated transaminases is associated with HAV [11], while in
developed countries the leading cause is NAFLD associated
with obesity [20,21]. In the current study, the primary (34%)
etiology were infections (18.9% cases with HAV) followed by
DILIin 18.1% and NAFLD in 11.1% patients.

The study conducted in Italy, showed that among 425 chil-
dren with the elevated transaminases, infections, primarily
EBV infections, were diagnosed in 31% of the cases, liver dis-
ease associated with obesity in 18%, and genetic diseases in
12% of the patients. However, major hepatotropic viruses were
excluded from the analysis [5]. Thus, our results of HAV and
NAFLD as the most common causes of the elevated transam-
inases, indicate that our country is between developed and
underdeveloped countries.

Another study from Turkey [23] showed that the rate
for infectious causes was 34.4%, and among these, 8% were
HAV-related causes. These results are very similar to those
obtained in this study. Higher HAV-related rate obtained in
the current study could be related to different inclusion crite-

ria. For example, Celtik et al. [23] only included hospitalized
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patients and the upper age limit was 15 years. In addition,
infants below the age of 3 months were not included.

In the current study, the causes could not be determined
in 18 (6.4%) patients. In all these idiopathic cases, the trans-
aminase levels spontaneously recovered within a mean of
95 days. In the study by Celtik et al. [23] the idiopathic rate was
found to be 27.1% and was reported to recover within 1 year.
lorio et al. reported idiopathic hypertransaminasemia in 31.7%
of the cases. In 84% of these patients, the enzymes returned
to the normal levels within 6 months [5]. In both studies, the
rates of idiopathic cases were higher than those reported in
the current study. This could be due to the younger age group
in the first and the exclusion of major viral causes in the sec-
ond study.

In this study, causes not related to liver disease were deter-
mined in 4% patients. These included: 9 cases of myopathy, 1
electric shock, and 1 case of rhabdomyolysis following vac-
cination. Similar to these results, muscular dystrophy was
reported at 3% by lorio et al. [5] and at 2% by Nobili et al. [22].

The transaminases can also be elevated due to rotavirus,
which is the most common cause of gastroenteritis [14]. The
results of this study show that the rotavirus infection was diag-
nosed in 2 patients. This should be consider when treating
rotavirus-gastroenteritis, in order to avoid unnecessary tests.

Obesity is a significant cause of elevated ALT [15,21]. The
results from this study show that NAFLD was determined in
31 cases, among these, 84% were associated with being over-
weight or obese. It is therefore important to monitor ALT in
young obese patients, in order to prevent liver diseases which
may develop in the future.

According to the literature, the aminotransferase levels
in patients with NAFLD are approximately 10 times below
300 IU/L [4]. In the current study, the mean ALT levels in the
patients with NAFLD were 86 IU/L and thus consistent with
the data from the literature.

When the mean ALT and AST values were evaluated
according to the diagnosis, the highest levels were detected in
the viral hepatitis group and the lowest levels were associated
with drug toxicity. These findings were consistent with the lit-
erature [4].

However, this study demonstrates several limitations and
these include: 1) The absence of a specific upper normal limit
for the transaminases in our society, as well as, all over the
world 2) Retrospective study 3) All diagnostic tools were not
performed in all the patients.

The causes of the elevated transaminases can vary even in
the same geographic region due to changes in environmental
conditions, sanitation, and vaccinations [11]. Since the nation-
wide HBV vaccination program was started in Turkey in 1998,
hepatitis B virus has been rarely detected in children. In con-
trast, a high rate of HAV has been observed. However, the

national vaccination program for HAV was initiated in 2014,
thus a dramatic reduction in this disease is expected over time.

In this study, the second most common cause was related
to medications, followed by NAFLD. Considering that obesity
among children is increasing in this country, NAFLD could
become the greatest risk in Turkey in the future, similarly as in
developed countries.

Finally, the elevated transaminases can also be detected
in completely healthy individuals, and they do not always
indicate liver disease. In addition, muscular diseases should
not be overlooked in children presenting with the elevated

transaminases.
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