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Abstract
Data on alanine aminotransferase (ALT) measurement practices and diag-
noses associated with increased values are limited. We evaluated these issues
by collecting ALT measurements from 1‐ to 16‐year‐old patients investigated in
1992–2018 in a tertiary center. Diagnoses were gathered in 2008–2018.
Altogether 145,092 measurements from 28,118 children were taken 42%
undergoing repeated testing. Testing increased from 21/1000 to 81/1000
children and the prevalence of elevated values fluctuated between 18% and
26%. An increase was seen especially in emergency care and departments of
rheumatology, gastroenterology, hemato‐oncology, and psychiatry. Common
acute causes associated with elevated ALT were infections (45%), hemato‐
oncologic conditions (17%), and external reasons (13%), whereas autoimmune
diseases (28%), psychiatric conditions (14%), and metabolic‐dysfunction
associated steatotic liver disease (10%) were common chronic causes. In
conclusion, ALT testing increased 3.9‐fold while the proportion of increased
values remained stable, indicating that increased testing was justified.
However, in some departments the testing efficiency was low.
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1 | INTRODUCTION

Alanine aminotransferase (ALT) is among the most
frequently used laboratory measurements in clinical
routine, the utilization of which has risen over the last
decades.1,2 At the same time, recommendations for
liver value measurement in children remain limited, and
are mainly focused on fatty liver disease suspicion or
differential diagnostics for elevated values in asympto-
matic children.3–6 This increases the risk for
inconsistent measurement approaches and overutiliza-
tion of the tests, and subsequently expensive and
invasive downstream evaluations causing unnecessary
burden on patients and healthcare.7

The rapid increase of obesity has also resulted in
higher prevalence of metabolic dysfunction‐associated
steatotic liver disease (MASLD), while autoimmune
diseases potentially affecting the liver and the use of
various hepatotoxic medications may also be increas-
ing.8–11 However, the influence of these changes on
measurement practices and prevalence of increased
liver values has scarcely been studied.12 Furthermore,
the few studies so far have focused on rather narrow
patient groups, such as children with fatty‐liver disease
or those attending gastroenterology outpatient
clinics.13,14

We aimed to (1) evaluate the long‐term trends in
measurement practices and prevalence of increased
ALT values 1992–2018 and (2) to ascertain diagnoses
associated with elevated values.

2 | MATERIALS AND METHODS

The study was conducted at Tampere University and
Tampere University Hospital. All ALT measurements
taken 1992–2018 from 1 to 16‐year‐old children were
identified from the hospital register. The hospital served
as a secondary and tertiary referral center for approxi-
mately 90,000 same‐aged children in the former
Pirkanmaa Hospital District. Data collected included
demographics, ALT results, and the hospital depart-
ment ordering the testing.

Annual number of measurements was adjusted by
local population each year and thus reported as 1 per
1000 1‐ to 16‐year‐old individuals living in the area. In
2008–2018, ALT analyses were performed with ALTLP
assay by Roche/Hitachi Cobas 6000 automatic ana-
lyzer, in 1993–2007 by INTEGRA ALTL 500/Integra 800
automatic analyzer and 1992 by Roche/Hitachi analyzer.
Assays were based on the International Federation of
Clinical Chemistry and Laboratory Medicine recommen-
dations, included pyridoxal phosphate, and the results
are comparable between the timepoints. ALT was
defined as normal or elevated based on the local
laboratory cutoffs applied during the study period
(≥40 U/L). Supplementary analyses were conducted

using cutoffs ≥22U/L for girls and ≥26U/L for boys as
recently recommended by the North American Society
of Pediatric Gastroenterology, Hepatology and Nutrition
(NASPGHAN).4,15 Prevalence of increased values were
reported as percentages of all measurements. Temporal
changes in ALT testing and the prevalence of increased
values were reported for all measurements with both
ALT cutoffs and for different pediatric departments with
local cutoff. Temporal trends were examined by calcu-
lating incidence rate ratios (IRR) with 95% confidence
intervals (CIs) using negative binomial regression model
for a nonnegative count‐dependent variable. Each one‐
point increase in the coefficient reflects the change in
the IRR for a 1‐year change in time.

Conditions associated with elevated ALT were scruti-
nized in a subgroup of patients undergoing testing
2008–2018. Diagnosis codes documented within a week
of the first elevated ALT were collected, and in approxi-
mately 60% of the cases, the information was further
supplemented from medical records. χ2 test was used to
compare the distribution of diagnoses between emergency
and outpatient departments. Statistical significance was
defined as p<0.05. All analyses were performed using
SPSS software, version 27.0 (IBM Corp.).

The study was conducted in accordance with the
Helsinki Declaration. Data collection were approved by
the Pirkanmaa Hospital District according to the Finnish

What is Known

• Excessive laboratory testing may cause
unnecessary downstream evaluations and
burden for patients and healthcare.

• Real‐life data on the alanine amino-
transferase (ALT) testing practices, effi-
ciency, temporal changes, and the diagnoses
associated with increased values in children
are lacking.

What is New

• ALT testing increased 3.9‐fold 1992–2018 in
a tertiary center, whereas the prevalence of
abnormal results fluctuated 18%–26%.

• The testing was most frequently and increas-
ingly ordered by emergency care and out-
patient departments of rheumatology, gastro-
enterology, hemato‐oncology, and psychiatry.

• The most common acute diagnoses associ-
ated with elevated ALT were infections,
hemato‐oncologic diseases, and external
reasons, while common chronic causes were
autoimmune and psychiatric conditions and
metabolic dysfunction‐associated steatotic
liver disease.
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national guidelines. Ethical committee consent was not
needed as the study was register‐based and no
patients were contacted.

3 | RESULTS

Overall, 145,092 ALT measurements from 28,118
children (mean age at first measurement 8.7 years,
48.7% girls) were recorded in 1992–2018. Altogether
42.1% of the children had undergone repeated testing
(2–277 per child), which was most common in the
outpatient departments of hematology (96.3% of all
measurements were follow‐up tests), rheumatology
(95.1%), organ transplants (91.8%), and gastroenterol-
ogy (84.6%). The children with repeated testing were
more often girls (51.9% vs. 48.7%, p < 0.001), older
(mean 9.6 vs. 7.9 years, p < 0.001) and had higher ALT
levels (mean 49.8 vs. 20.5 U/L, p < 0.001) than those
with a single testing, whereas the groups did not differ
in the year of measurement. The number of ALT
measurements increased significantly during the study
period (IRR: 1.03 [95% CI: 1.02–1.04]), while the

prevalence of elevated ALT values fluctuated between
18% and 26% (1.00 [0.99–1.00]) (Figure 1A).

ALT testing site was available for 98.8% of the
measurements. Of all measurements, the testing
proportions were in emergency (ECU) and intensive
care unit (ICU) 29.3%, outpatient departments of
rheumatology 22.0%, gastroenterology 7.8%, neurol-
ogy 6.7%, general pediatrics 6.6%, hemato‐oncology
6.2%, organ transplants 4.4%, endocrinology 3.7%,
psychiatry 3.1%, dermatology 1.4%, internal medicine
0.8% and others combined 0.9%, and inpatient
departments of internal medicine 3.5% and others
combined 3.4%.

Testing increased significantly in ECU/ICU (IRR:
1.04 [95% CI: 1.03–1.05]), and outpatient departments
of rheumatology (1.06 [1.05–1.07]), gastroenterology
(1.05 [1.03–1.06]), hemato‐oncology (1.27 [1.11–1.44]),
psychiatry (1.21 [1.18–1.24]) (Figure 1B–F), and in
dermatology (absolute change from 0.4 to 1.3/1000,
IRR: 1.04 [1.03–1.6]), internal medicine (0.3–0.8/1000,
1.03 [1.01–1.04]), and other outpatient departments
(0.1–0.7/1000, 1.11 [1.05–1.18]). Testing decreased in
outpatient departments of neurology (4.2–2.9/1000,

(A) (B) (C)

(D) (E) (F)

F IGURE 1 Temporal changes in the number of alanine aminotransferase (ALT) measurements (black line) and percentage of
values ≥ 40 U/L (red area) in (A), all ordered measurements (B), in the emergency care and intensive care units, and (C–F) in the outpatient
departments of rheumatology, gastroenterology, hemato‐oncology, and psychiatry.
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0.98 [0.97–0.99]) and general pediatrics (4.6–3.6/1000,
0.97 [0.96–0.98]), and fluctuated non‐significantly in
departments of endocrinology (0.9–2.1/1000), organ
transplants (2.3–2.4/1000), inpatient department of
internal medicine (1.6–2.0/1000), and other inpatient
departments (2.0–2.7/1000).

The pooled prevalence of elevated ALT was 20.8%
in all departments and 34.5% in ECU and ICU, 29.6%
in hemato‐oncology, 15.5% in gastroenterology, 12.7%
in rheumatology, and 6.3% in psychiatry when using
the local cutoff (≥40 U/L). Elevated ALT increased in
rheumatology (1.03 [1.02–1.05]), decreased in gastro-
enterology (0.99 [0.98–0.99]), and fluctuated non-
significantly in ECU/ICU, hemato‐oncology, and psy-
chiatry (Figure 1B–F). In other departments, increased
ALT (reported with IRR in case of significant changes)
was seen in 5.3% (1.02 [1.01–1.03]) in neurology,
17.0% (0.94 [0.92–0.95]) in general pediatrics, 19.7%
in organ transplant, 12.2% in endocrinology, 5.5% in
dermatology, 18.5% in internal medicine, 5.7% in other
departments, and in 26.9% (0.97 [0.96–0.97]) of
patients in inpatient departments of internal medicine
and 17.1% in other inpatient departments. In the
supplementary analysis with lower ALT cutoffs,4,15 the
pooled prevalence of elevated ALT in all departments
was 39.8%, and the prevalence fluctuated over time
non‐significantly between 33.3% and 46.0% (1.00
[1.00–1.01]).

There was a significant difference in the distribution
between the conditions associated with the increased
ALT between ECU/ICU and outpatient departments.
The most common conditions associated with
increased values can be seen in Figure 2.

4 | DISCUSSION

We observed a 3.9‐fold increase in ALT testing in
1992–2018, especially due to rising use in ICU/ECU
and outpatient departments of rheumatology, hemato‐
oncology, psychiatry, and gastroenterology, which
were also the largest testing sites. To the best of our
knowledge, no similar data have previously been
reported. As an indirect comparison, laboratory testing
as a whole increased 3.3‐fold in 2000–2015 in UK
primary care, with a 4.1‐fold increase in liver tests,1 but
the numbers were not given separately for specific
tests or children. Moreover, ALT testing increased
22.1‐fold in 2000–2017 among Welsh adults.2 The
rising prevalence and improved awareness of MASLD,
autoimmune, and psychiatric conditions may partially
explain the increased testing, both in general and in the
departments of rheumatology, gastroenterology, and
psychiatry.8–11 ALT is used in the evaluation and
follow‐up of these conditions and their medications,
but routine screening with ALT is not recommended in
Finland. Other diagnostic indication for testing is

Other than EBV tonsilli�s

CNS infec�on

Upper respiratory infec�on

Pneumonia

Undefined infec�on
Other focal infec�on2

%0 20 40 60

Influenza
Sepsis

Kawasaki disease

Gastrointes�nal infec�on
EBV mononucleosis

Emergency and intensive care Outpa�ent departments

Structural anomalies

Nephrological condi�ons

Irritable bowel syndrome

MASLD
Rheuma�c condi�ons3

Celiac disease
Other4

Dermatological diseases

Inflammatory bowel disease

Rare metabolic diseases

Type 1 diabetes

Organ transplants

Viral hepa��s

0 20 40 60 %

Acute abdomen

Acute infec�ons

Chronic diseases

Several reasonss1

External reasons

Hemato−oncologic causes

Neurologic condi�ons

Psychiatric condi�ons

Unknown reasons

0 20 40 60

P=0.002

P<0.001

P=0.073

P<0.001

P<0.001
P<0.001

P<0.001
P<0.001

P<0.001

%

(A)

(B)

(C)

F IGURE 2 (A) Comparison of diagnoses associated with alanine
aminotransferase ≥40U/L among children attending emergency
departments or intensive care unit (n = 828) and outpatient
departments (n = 738) 2008–2018, (B) most common infections
associated with alanine aminotransferase ≥40U/L in children treated in
emergency departments and intensive care unit, and (C) frequent
chronic conditions associated with alanine aminotransferase ≥40U/L in
children attending outpatient departments. 1Frequent combinations
were syndromes with structural anomalies, developmental delay,
infection, and/or hepatotoxic medication, and metabolic dysfunction‐
associated steatotic liver disease (MASLD) with hepatotoxic
medication; 2for example, dermatological, urinary tract, varicella zoster
and cytomegalovirus infections, and myo‐ and pericarditis; 3Rheumatic
conditions and connective tissue diseases; 4for example, rare inherited
syndromes, allergy/asthma, thyroidal diseases, Gilberts syndrome,
immune deficiencies, familial hypercholesterolemia, gastroesophageal
reflux disease, autoimmune hepatitis, and endocrine dysfunctions.
CNS, central nervous system; EBV, Epstein‐Barr virus.
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unclear symptoms/findings. From this perspective, also
changes in the general attitudes toward the use of
laboratory tests could explain some of the change.

The prevalence of increased ALT in all children was
21% by local laboratory cutoff and 40% by NASPGHAN
recommended, lower and gender‐specific cutoffs,4,15

and remained quite stable during the study period.
Earlier studies have reported figures of 1.3%–30.4%
depending on the population and cutoffs used.8,16,17

This highlights the significance of the used cutoffs on
the number of children presenting with abnormal
results and thus needing follow‐up and downstream
investigations. Additionally, age, puberty stage and
ethnicity might affect the ALT levels and more studies
on optimal references are needed. Welsh et al. found
that proportion of elevated ALT increased from 3.9% to
10.7% by NASPGHAN cutoffs and from 0.8% to 2.7%
by >40 U/L cutoffs within 20 years among US adoles-
cents,8 whereas no change was seen in Korean
adolescents within 5 years by applying gender specific
ALT cutoffs 24 U/L for boys and 18 U/L for girls.17 One
reason for this country difference could be the recent
upsurge of MASLD in the United States.8 The high
percentage of elevated ALT despite increased testing
in our center implies a reasonable measurement
strategy, that is, in the hemato‐oncology and gastroen-
terology departments, whereas the low percentage in
some other sites suggests overutilization. For example,
rapidly increased testing in case of psychiatric condi-
tions or medications could be questioned as, according
to the low prevalence of increased values, testing
efficacy was poor. Frequent testing in ICU/ECU could
also be debatable, even if increased ALT was common.
For example, testing in case of benign viral infections
known to be associated with transient ALT increase
may lead to unnecessary downstream evaluations and
concerns.6 There is also evidence that liver tests are
used increasingly in adults in ECU and during
hospitalization, often without clear indication.7

The diagnoses associated with increased ALT were
numerous and differed between patients in ECU/ICU
and outpatient departments. The most common asso-
ciated conditions in ECU/ICU were infections, hemato‐
oncologic conditions, and external reasons, whereas in
outpatient departments autoimmune diseases and
MASLD were particularly common. Earlier research
has focused narrowly either on children with ALT
elevation persisting 6–12 months and those attending a
gastroenterology department,14,18,19 or mixed patients
from ECU and outpatient departments.12,20 Conditions
associated with increased transaminases have varied
markedly, MASLD explaining 10%–55%, infections
0%–58%, inherited metabolic disorders 1%–31%, drug
toxicity 0%–19%, autoimmune diseases 3%–12%, and
other/idiopathic reasons 17%–49% of increased trans-
aminases.12,14,18–20 There are well‐known country
differences with higher prevalence of MASLD and

autoimmune conditions in high income countries while
viral infections, for example, are more common in
countries with lower public hygiene levels and vaccina-
tion coverage. Overall, the high prevalence of MASLD,
autoimmune conditions, and psychiatric diseases/med-
ications seen here strengthens the notion of these
diseases possibly explaining the increase in measure-
ments, and the parallel increase in abnormal results.

The main strengths of our study were the large
cohort of patients and use of systematically maintained
medical records. Furthermore, public healthcare is
easily accessible and free of charge for children in
Finland, reducing the risk of selection bias due to
socioeconomic status. The main limitation was the
retrospective design. Moreover, we could not analyze
separately patients with possible multifactorial etiology
for ALT elevation (e.g., both a hepatotoxic disease and
its medication) or consider the possible effects of
growth or puberty on the results. The diagnoses were
based on clinical decision‐making and hepatotropic
viruses or creatine phosphokinase, for example, were
not tested systematically. Also, due to data quality
issues, collection of the diagnoses was focused on
those with elevated ALT based on the local laboratory
cutoff during the most recent 10 years. Data about
diagnoses was incomplete in individuals with normal
ALT (available for <10% with diagnosis code search)
and in those studied during earlier years. The study
was conducted in a tertiary center and in population
comprising homogenous ethnicity, with majority (>90%)
being white Caucasian, which may limit the general-
izability of the results to primary care settings and other
geographical areas.

To conclude, ALT testing increased 3.9‐fold in
1992–2018, particularly due to rising use in ICU/ECU
and outpatient departments of rheumatology, hemato‐
oncology, psychiatry, and gastroenterology. Overall,
the proportion of elevated values remained quite high
and stable, indicating a simultaneous increase in or
improved identification of liver‐affecting diseases and
medications. The testing strategies used thus appear to
be appropriate at a general level, but in some
departments testing efficiency was quite low. Frequent
testing in case of psychiatric conditions/medications or
temporary infections in particular could be questioned
as overutilization may lead to patient and familial
burden and unnecessary downstream investigations.
This underlines the need for better recommendations
regarding ALT measurements in children and
adolescents.
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