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ABSTRACT

Alanine aminotransferase (ALT) is a key biomarker used in primary care to detect chronic
liver diseases, particularly in high-risk populations such as those with metabolic syndrome
and obesity. This review explores the role ALTs play in screening for asymptomatic
liver diseases and its ability to predict all-cause and liver-related mortality. While ALT
remains valuable for screening in high-risk groups, its utility in the general population is
limited due to a lack of cost-effective studies. Recent research suggests that lower ALT
thresholds may improve carly detection of liver disease, especially in individuals with
non-alcoholic fatty liver disease. However, ALT alone may not be sufficient, as it has
limitations regarding specificity and sensitivity. Combining ALT with other diagnostic
tools, such as imaging techniques and additional liver enzyme markers, could enhance
screening accuracy and early detection in primary care settings. Regular monitoring and
adapting ALT cutoff values for specific populations are recommended to optimize liver
disease management. This approach could lead to improved clinical outcomes, reduced

progression to severe liver conditions, and better healthcare resource utilization.

creening involves the presumptive

identification of unrecognized health

conditions through a test, examination, or

other easily and rapidly applied procedure.’
A screening test is not intended to diagnose but
rather to identify disease at an early presymptomatic
stage, enabling earlier intervention and management
to prevent or reduce disease-related morbidity and
mortality. There are two main screening strategies:
universal (population-based) screening and selective
(risk factor-based) screening.

In 1968, the World Health Organization
introduced the Wilson-Jungner criteria, a set of
10 items for assessing the validity of a screening
program.”” In 2003, the UK National Screening
Committee issued a set of 22 criteria.? Serum alanine
transaminase (ALT), part of liver function tests, is
frequently obtained in clinical practice to assess and
diagnose chronic liver diseases (CLDs), such as liver
cirrhosis and liver failure, which increase the risk of
liver cancer. The term liver function test is misleading
when applied to liver enzymes since these enzymes,
including ALT, primarily assess liver damage rather
than function. ALT is the most reliable, sensitive,

and specific marker of liver disease compared to
other liver enzymes.””

ALT testing is a widely accessible and cost-
effective blood test that healthcare providers use to
detect liver diseases. It plays a crucial role in detecting
asymptomatic liver diseases, including viral hepatitis
and nonalcoholic fatty liver disease (NAFLD),
which represent a significant but largely undiagnosed
global epidemic. Despite its importance, its use as
a screening tool in primary care settings remains
limited due to limited specificity, need for clinical
interpretation, cost-efficiency concerns, risk of
overdiagnosis, resource limitations, and the primary
focus on symptomatic patients. These factors
collectively hinder its widespread implementation
in primary care.

A United States population survey found that the
prevalence of ALT elevations (ALT > 43 IU/L) was
8.9% and 7.3% among individuals without hepatitis
C virus (HCV) or excessive alcohol consumption,
respectively.® Although most individuals have benign
conditions, a subgroup has significant underlying
liver diseases requiring further evaluation and
therapeutic intervention. Applying the 10 elements
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of the Wilson-Jungner criteria, we highlight the
utility of routine ALT measurement as a screening
tool in primary care for the early detection of
significant liver disease.”

Over the past decade, significant changes in
the epidemiology of liver diseases have occurred
globally, with shifting prevalence in conditions such
as NAFLD, alcoholic liver disease, and hepatitis
C, influenced by rising obesity rates, changes in
alcohol consumption patterns, and advances in
antiviral therapies.® Concurrently, advancements in
diagnostic technologies, including novel biomarkers,
enhanced imaging techniques, and improved non-
invasive methods for assessing liver fibrosis and
inflammation, have emerged. Updated guidelines
from major health organizations reflect new evidence
and recommendations for detecting and managing
liver diseases, requiring primary care providers to
align their practices with current standards.’

The role of ALT as a primary screening tool is
under scrutiny. New evidence suggests alternative
or adjunctive markers to improve screening efficacy,
prompting primary care settings to adapt these
insights to optimize protocols.'*!!

Given that liver diseases significantly contribute
to the global burden of disease, carly detection and
management in primary care are crucial to reducing
the progression to severe conditions, decreasing
healthcare costs, and improving quality of life.
Regular updates incorporating the latest research
findings ensure that primary care providers use
the most current and effective strategies, directly
translating into better patient outcomes, reduced
incidence of advanced liver disease, and improved
healthcare system efficiency. Ongoing education and
training based on updated literature are essential
for healthcare providers to remain informed and
competent in applying new evidence to clinical
practice. Thus, updating the primary care approach
to screening for liver diseases by incorporating recent
research findings is essential to improve patient
outcomes and healthcare efficiency and align with
current clinical guidelines, empowering primary
care providers to provide high-quality, evidence-
based care in the evolving landscape of liver disease
management.

CLDs, particularly those caused by hepatitis B
virus (HBV) infection, are a significant health burden
in Oman."> Over 50% of patients with liver cirrhosis
in Oman showed evidence of past or present HBV

infection. HBV caused cirrhosis in 26.74% of cases.'?
Before the introduction of the hepatitis B vaccine in
1990, the estimated prevalence of chronic hepatitis
B in Oman was 2-7%. By 2005, the vaccine coverage
rate exceeded 95%. Despite high vaccination rates,
serological markers of chronic hepatitis B remain
common among liver cirrhosis patients in Oman.
CLD and cirrhosis substantially contribute to
mortality in Oman, with limited improvements
despite medical advancements. The overall mortality
rate was approximately 40% during the follow-up
period in one study.” Hepatic encephalopathy,
mechanical ventilation, and intensive care admission
were strongly associated with increased mortality in
cirrhosis patients in Oman."”® An update from the
global perspective is needed to lay the groundwork
for prevention in Oman.

This update aims to answer the following
questions: (1) what is the significance of liver discase
screening in primary care settings? (2) what is the
significance of ALT as a biomarker of liver disease?
(3) what is the significance of ALT as a predictor of
overall health outcomes? (4) what are the normal
values of ALT? (5) what is the role of ALT as a
screening test for liver disease? (6) when should you
screen for liver diseases? (7) when is it appropriate to

refer to a hepatologist? (8) what are the limitations
of ALT as a screening test for CLD?

What is the significance of screening for liver
diseases in primary care settings?

CLDs progress from the early stages of hepatitis
to fibrosis, ultimately leading to liver cirrhosis and
hepatocellular carcinoma (HCC). In 2021, coronary
heart disease ranked as the ninth leading cause
of death in the USA.'*"> Worldwide, HCC is the
third most common cancer and the third leading
cause of cancer-related death.'® In recent years,
there has been a notable increase in the incidence
and mortality associated with HCC in the USA.
This further highlights the importance of CLD as a

1718 One of the main reasons

public health problem.
for the increased morbidity and mortality associated
with CLD is its presentation at an advanced stage
and usually with complications such as ascites,
liver encephalopathy, variceal bleeding, or HCC.
Most patients with CLD are asymptomatic in the
early stages of their disease. Once they become
symptomatic, that usually means that they have

already reached a very advanced stage.
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Furthermore, most CLDs are treatable and their
complications can be prevented if detected early.
The period between the onset of the disease (usually
hepatitis) and end-stage liver disease (cirrhosis)
is measured in years, if not decades, depending on
the etiology of liver disease and individual patients.
Therefore, detecting CLD in primary care is crucial
because it can detect conditions early, allowing timely
intervention and management. Early detection can
mitigate disease progression, prevent complications,
and improve patient outcomes.

ALT as a biomarker of liver disease

The ALT test is a simple, readily available, acceptable,
and low-cost blood test. Serum ALT is the most
specific and sensitive indicator of CLD.*” Increased
serum ALT signifies hepatocellular inflammation, a
pathological hallmark observed in a spectrum of liver
pathologies [Table 1]. A USA study demonstrated
that 88% of asymptomatic volunteer blood donors
with elevated ALT do not have identifiable causes."”
In Scandinavia, a study involving 151 consecutive
patients with mild to moderately increased liver
transaminases without symptoms for at least six
months found that identifiable causes of liver discase
were more common.” Diagnoses included NAFLD
in 42%, chronic HCV in 15.3%, alcoholic liver
disease in 8%, and autoimmune hepatitis in 1.3%.
Serum ALT level should dictate the urgency and
extent of further investigation and when to refer the

patient to a specialist.>*!

Roussel Uclaf Causality Assessment Method

The Roussel Uclaf Causality Assessment Method
approach has proven to be a cost-effective and
efficient way of determining the diagnosis of drug-
induced liver injury. It is recommended to recheck
ALT levels if they are < 5 times the upper limit of
normal (ULN) before performing a detailed study.
Additional evaluation is warranted if ALT remains
persistently elevated for at least three to six months.
Elevated ALT levels > 5 times the ULN indicate
a potentially severe and active liver disease, which
requires immediate evaluation without waiting for
confirmation of a continued ALT abnormality. ALT
levels > 10 times the ULN suggest severe acute liver
cell injury, which requires a quick evaluation. The
causes of severe acute liver injury (ALT levels > 10
times ULN) are relatively few. Acute viral hepatitis,
ischemic hepatitis, or toxin-related hepatitis should

always be considered. Other possible causes are
acute autoimmune hepatitis, acute biliary occlusion,
or acute Budd-Chiari syndrome. The diagnosis can
be made for historical reasons or the result of blood
tests or abdominal imaging [ Table 1].

ALT as a predictor of overall health-based
outcomes

ALT also plays a crucial role beyond liver health,
indicating its potential to precict general health
outcomes.” Researchers have associated elevated
ALT levels with various health conditions, including
cardiovascular disease, diabetes, and metabolic
syndrome.”®> Multiple observational studies
conducted in various populations have demonstrated
a robust association between elevated ALT activity
and increased all-cause mortality, as well as mortality
specifically from liver disease, cardiovascular disease,
diabetes, and cancer.>?%

To create this association, a large-scale
longitudinal population-based cohort study
conducted in South Korea investigated > 140000
participants aged 35-59 years for a maximum
follow-up period of 10 years. This study reported
a significant increase in all-cause mortality and
mortality, specifically liver disease, in participants
with ALT values > 20 IU/L.?®> Furthermore, even
within the currently accepted normal range (35-40
IU/L), higher ALT levels have been associated with
an increased risk of mortality from cardiovascular
diseases or all causes.>**? This increase in mortality
may partly stem from undetected liver disease or
non-liver-related risks, such as metabolic syndrome
in patients with NAFLD or those who consume
alcohol. Furthermore, ALT could indicate a pro-
inflammatory state that increases cardiovascular risk,
especially in people with metabolic syndrome.*

In contrast, studies have found that low ALT
levels correlate with increased long-term mortality,
suggesting a U-shaped relationship between ALT
activity and mortality.*® Low normal ALT values
have been predictive of an increased risk of all-cause
mortality.® Low levels of ALT within the normal
range have also been associated with all-cause
mortality.®® Although the mechanisms behind the
increase in mortality in individuals with significantly
low levels of ALT remain elusive, a systematic review
and meta-analysis have underscored this complex
association, highlighting the need for more research
to determine the predictive value of ALT for long-
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Table 1: Causes of mild hypertransaminasemia (up to five times limit of normal), clinical clues, and initial

diagnostic testing.

32122

Etiology
Common causes

Drugs (including
prescribed, over the
councer, illicit drug use

and herbals)

Alcohol abuse

Nonalcoholic fatty
liver discase

Hepatitis B

Hepatitis C

Hereditary
hemochromatosis

Less common causes

Autoimmune hepatitis

Wilson’s disease

al-antitrypsin deficiency

Clinical clues

= Lack ofillness before taking the drug.

= Onser of the clinical illness or biochemical
abnormalities coincidental with starting
culprit agent.

= Improvement after the withdrawal of the

drug/herb.

Excessive alcohol consumption, AST/ALT
ratio > 2.0

Evidence of metabolic syndrome
(dyslipidemia, hypertension, diabetes, or
central obesity).

AST/ALT ratio < 1.0

High-risk factors include Immigration
from endemic countries, high-risk sexual
behavior, and intravenous drug use.

Parenteral exposure (blood transfusions,
intravenous drug use, occupational),
tattoos, body picrcing, and high-risk sexual
behavior.

Family history

Personal or family history of other
autoimmune diseases.

Younger than 40 years, neuropsychiatric
symptoms, Kayser-Fleischer rings.

Early-onset emphysema, family history.

Initial diagnostic testing

Accurate history
Roussel Uclaf Causality Assessment Method Score
Negative infective hepatitis screening, markers of
autoimmune and metabolic hepatitis.

Accurate history, CAGE questionnaire (cut down,
annoyed, guilty, and eye-opener) for alcohol use, AST/
ALT ratio, GGT.

Fasting lipid profile and glucose level; consider
ultrasonography to detect hepatic steatosis and
fibrosis-4 test to detect fibrosis.

Hepatitis B surface antigen, hepatitis B surface
antibody, hepatitis B core antibody.

Hepatitis C virus antibody testing.

Transferrin saturation and ferritin level.

Immunoglobulin G levels, serum protein
clectrophoresis, antinuclear antibodics, smooth muscle
antibodies, and liver-kidney microsomal antibodies
testing.

Serum ceruloplasmin level and ophthalmologist
consultation to rule out Kayser-Fleischer rings.

Serum al-antitrypsin level and serum protein

Non-hepatic causes

Muscle disorders
exercise.

Thyroid disorders
hyperthyroidism.

Celiac disease

Muscle weakness and pain, strenuous
Signs and symptoms of hypo- or

Diarrhea, abdominal pain, malabsorption.

electrophoresis.

Disproportionately high AST, elevated creatine kinase
and aldolase levels.

Thyroid-stimulating hormone level

Tissue transglutaminase antibody testing,

AST: aspartate mninr;tmn,sﬁmsf; ALT: alanine transaminase; GG gamma —g/mum)// tmmfémw

term survival.** Therefore, both high and low levels
of ALT can serve as indicators of mortality risk,
but more research is necessary to understand the
underlying mechanisms of these associations.

What are the normal values of ALT ?

Despite the widespread use of ALT measurement
in clinical practice, there is no universally accepted
definition or standardization of normal reference
values.® A reliable population-based ULN for ALT
is necessary for effective screening of liver diseases.
Generally, the reference range for any routine
laboratory test is established using values from
healthy individuals and health-related results.*

In the 1980s, many laboratories established
current ULN values for ALT, which served as
a surrogate marker for detecting hepatitis C
among blood donors before anti-HCV tests were
introduced. This explains the variation in ULN
values between different laboratories. “Apparently
healthy” individuals had increased ALT levels due
to factors such as NAFLD and HCV, excess ethanol
ingestion, medication use, and herbal supplements.**

An Italian study in 2002 updated the ULN to 30
IU/L for men and 19 IU/L for women by examining
6835 healthy blood donors without risk factors for
liver diseases.” Similarly, a South Korean study with
over 90000 men followed for up to 10 years found
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that 30 IU/L was the optimal cut-off point for
predicting liver disease in men.* This updated ULN
improved sensitivity for detecting hepatitis C among
blood donors, increasing from 39.7-61.1%, with a
slight decrease in specificity from 97.6-92.3%.%
When evaluating individuals with elevated ALT
levels using old cut-off points, 57.6% had no definite
cause of liver injury, but 85.3% had ultrasound
changes consistent with liver steatosis.

The heterogeneity of ULN values used by
different laboratories compromises the sensitivity
of liver enzyme tests in identifying underlying liver
disease. This inconsistency impedes the establishment
of a universally applicable ALT cut-off value that
accurately predicts an increased risk of liver-related
mortality. Consequently, treatment decisions,
particularly for hepatitis B, become uncertain. These
limitations are critical when determining the need for
treatment in patients with hepatitis B.** Subsequent
studies confirmed the validity and utility of updated
healthy ALT ULN thresholds (30 IU/L for men
and 19 IU/L for women). Lee et al,*® proposed an
ALT ULN of 33 IU/L for men and 25 IU/L for
women based on a study of 1105 young Asians with
biopsy-proven normal livers. Another US study
using National Health and Nutrition Examination
Survey databases from 1999-2002 and 2005-2008
proposed that ALT ULN is 29 IU/L for men and 22
IU/L for women.*

Recent research suggests that lower cutoff points
for ALT levels have a stronger association with
adverse liver-related outcomes, including HCC,
liver decompensation, and liver-related mortality.*
Consequently, recent studies in prospective cohorts
without identifiable risk factors for liver disease
have proposed revised healthy ULN values for ALT,
ranging from 29 to 33 IU/L for men and from 19 to
25 IU/L for women.*! These updated cutoff points
are increasingly accepted and incorporated into
clinical guidelines and research trials.

In 2021, the same group that proposed these
healthy ranges for ALT conducted another large
population cross-sectional study to update and
validate their accuracy in detecting liver diseases.
This study responded to recent changes by the
International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) to the reference
analytical methodology, the changing epidemiology
of liver diseases, and the increasing prevalence of
NAFLD.” The study demonstrated that the revised

healthy ULN for ALT using the IFCC standardized
method is 42 IU/L for men and 30 IU/L for women.
These values are higher than the previously proposed
healthy ULNs but more effective in predicting
liver disease, especially in patients with metabolic
syndrome, such as NAFLD. However, the IFCC
standardized method has not yet been universally
adopted, and several laboratories still use the old non-
standardized method. These two methods can result
in different ALT values, leading to misdiagnosis
and mismanagement.”’

Similar laboratory methods should be used
to establish the “healthy” ULN of ALT for any
population, and individuals with risk factors for liver
diseases should be excluded. While further studies
are needed to confirm the recently proposed ULN
for ALT using the IFCC standardized method, the
American College of Gastroenterology guidelines
suggest that a proper healthy normal level of ALT
ranges from 29-33 IU/L for men and 19-25
IU/L for women.” Levels above this range should
be evaluated.

The role of ALT as a screening test for liver
disease

ALT shows promise as a valuable screening tool for
early detection of asymptomatic liver disease. The
criteria proposed by Wilson and Jungner widely
recognize a framework for evaluating screening
tests.” Applying these criteria to ALT as a screening
test for early detection of liver disease reveals several
key considerations.’ First, CLD, a significant health
problem that leads to conditions such as cirrhosis
and HCC, emphasizes the importance of ALT
screening.'*"> Understanding the natural progression
of the condition is crucial. ALT screening can detect
liver disease in its pre-cirrhotic stage. Early treatment
can provide more benefits than later stages, and ALT
is suitable for identifying subjects with CLD in
asymptomatic phases.

The acceptability of the test is essential, with ALT
being as acceptable as other established screening
tests. Determining intervals for test repetition and
adequate health service provision are also crucial
considerations. Although formal studies have not
been conducted to evaluate the risks and cost-
effectiveness of ALT-based screening programs, the
low cost and minimal immediate risks associated
with ALT suggest favorable comparisons with the
benefits of early diagnosis of CLD.> Therefore, while
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ALT meets many criteria for a screening test, further
research is needed to optimize its implementation,
including determining the optimal screening
schedule and assessing cost-effectiveness. However,
ALT remains an excellent screening tool for people
at risk of liver disease, which warrants a prompt
clinical evaluation of abnormal results.

When should you screen for liver diseases?
ALT can detect evidence of liver disease during
routine annual assessment for patients in all age
groups or high-risk populations.> The utility of
ALT as a screening test in the general population,
regardless of the presence of risk factors, has not
been well studied. Therefore, more data are needed
to examine the practical impact of ALT screening
implementation and its cost-effectiveness. During
the waiting period for these data, ALT can be used
as an excellent screening test in selected populations
with a history of risk factors for liver disease.

When is it appropriate to refer the patient to
a bepatologist?

To ensure comprehensive and optimal patient care,
primary care physicians (PCPs) play a crucial role in
identifying situations that require specialist referral.
This referral process becomes particularly vital when
a particular medical condition warrants targeted
treatment strategies or diagnostic modalities that
extend beyond the capabilities of PCPs. Elevated
liver enzymes, mainly ALT, represent one of the most
common reasons for gastroenterology/hepatology
outpatient referrals. The demand for specialized
consultation will likely increase if a high-risk group
or population-wide-related liver enzyme screening is
implemented, including ALT.

Serum ALT levels guide the need for further
evaluation and specialist referral in patient
management, as detailed above in the section ALT as
abiomarker of liver diseases. A carefully constructed
diagnostic approach to identify patients with
elevated ALT that benefit the most from specialist
consultation can reduce the additional burden on
gastroenterology or hepatology clinics from such a
screening program [Figure 1]. This approach also
allows PCPs to systematically assess liver enzyme
abnormalities and decide when specialist referral is
necessary while directly managing many aspects of
care.

Referral to a gastroenterologist or hepatologist

Mild hypertransaminasemia (up to 5 times ULN)

v

STEP 1
Detailed history: include questions about alcohol consumption, medication use
(over-the-counter and herbal supplements), risk factors for viral hepatitis (such as
intravenous drug use, sexual history), fatty liver (metabolic syndrome), personal
and family history of liver disease, symptoms of chronic liver disease (jaundice,
ascites, spider angiomas), and recent travel history.

v

STEP 2
Physical examination: look for signs of chronic liver disease, stigmata of cirrhosis,
hepatomegaly (enlarged liver), or splenomegaly. Evaluate for signs of liver failure
or liver decompensation.

v

STEP 3
Consider repeat liver enzyme tests to confirm elevation. Consider discontinue
hepatotoxic medications and alcohol consumption.

v

STEP 4
Perform a comprehensive hepatic panel including aspartate aminotransferase,
alanine transaminase, alkaline phosphatase, gamma-glutamyl transferase, total
bilirubin, and albumin. Consider common causes (Table 1) and get complete blood
counts with platelets. Perform liver ultrasound.

v

Negative initial workup without symptoms and signs of liver cirrhosis, liver failure,
or decompensation.

v

Consider control of metabolic syndrome including weight loss (exercise and diet),
diabetes and dyslipidemia control.

v

3-6 months observation with repeat liver tests including alanine transaminase

v

STEP5
If still high alanine transaminase, consider non-hepatic and rare liver causes (Table 1).

v

STEP 6
If Positive or persistent, consider referral to specialist and need for liver biopsy.

Figure 1: Management approach for mild
hypertransaminasemia in primary care settings.

should be considered in cases with elevated ALT

under several circumstances. The key indicators that

a PCP might use to decide whether to refer a patient

to a gastroenterologist or hepatologist are’:

1. Patients with unexplained persistent or worsening
increased ALT twice for at least three to six
months despite initial treatment, including
lifestyle modifications and removal of potential
causative agents.

2. Symptoms or signs of advanced liver disease,
such as easy bleeding and swelling, itching,
fatigue, jaundice, ascites, swelling of the legs, liver
encephalopathy, or other indicators of cirrhosis or
advanced liver disease, warrant immediate referral.

3. Evidence of liver failure (hyperbilirubinemia,
hypo-albuminemia, and coagulopathy).

4. Evidence of liver disease that requires special care,

OMAN MED J, VOL 40, NO. 1, JANUARY 2025



SAID A. AL-BUSAFI, ET AL.

for example, hepatitis B and C, autoimmune liver
diseases, Wilson’s disease, and hemochromatosis.

5. Need for advanced diagnostic or therapeutic
procedures: if advanced procedures such as liver
biopsy, specialized imaging beyond ultrasound,
or evaluation for liver transplantation are needed.

6. High-risk patients with a family history of HCC
or immunocompromised syndrome may also
benefit from early referral to a specialist.

Referral to a specialist facilitates specialized
care where necessary and helps in a comprehensive
approach to diagnosis and treatment, ensuring the
best possible outcomes for patients with liver disease.

What are the limitations of ALT as a screening
test for CLD?
Like other laboratory tests, ALT has limitations,
including the absence of a well-accepted and uniform
definition of normal ALT ranges. Therefore, it is
crucial to clearly understand the distribution of
ALT values in the target population and establish
an agreed cut-off level.* Recognizing that many
factors beyond liver pathology can influence serum
ALT levels is essential. There is a gender disparity,
and men typically exhibit higher baseline ALT levels
than women.*® Furthermore, research suggests that
additional determinants, such as body mass index
and triglyceride levels, can significantly affect ALT
concentrations, regardless of sex.”®

Men exhibit a positive correlation between total
cholesterol and alcohol intake with ALT levels, while
smoking, physical activity, and age demonstrate a
negative correlation.® On the contrary, in women,
glucose levels are positively correlated with ALT
activity, while oral contraceptive use tends to lower
ALT values. In some patients with hepatitis B or
hepatitis C and even some with established cirrhosis,
ALT levels can fall within normal ranges. Finally,
the benefits of ALT screening must outweigh the
physical or psychological risks associated with false
positive or false negative results, which have not yet

been thoroughly studied.

CONCLUSION
CLDs are major contributors to morbidity and
mortality globally, including in Oman. Early
detection and management in primary care are
critical to slowing disease progression, reducing
healthcare costs, and improving patients’ quality

of life. To achieve this, primary care providers must
apply the most up-to-date, evidence-based strategies.
ALT remains a key biomarker for evaluating liver
pathology, particularly for high-risk populations
such as those with NAFLD, hepatitis B, and
hepatitis C. However, ALT’s limitations—especially
its inability to reliably detect liver disease in the
general population—underscore the need for more
precise screening tools. Lower ALT thresholds and
other diagnostic modalities should be considered to
improve detection accuracy and outcomes. Future
research should focus on validating these approaches
and assessing their cost-effectiveness in broader
screening programs. In the meantime, integrating
ALT into a broader diagnostic framework in primary
care will help identify high-risk patients earlier,
reduce the burden of advanced liver disease, and
optimize healthcare delivery.
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