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Abstract: The distribution of N-acetyltransferase-2 (NAT2) genetic polymorphisms
varies across ethnic groups among Indonesian TB patients. This review aimed to
provide a comprehensive understanding of the prevalence of NAT2 genetic
polymorphisms and their association with DILI and isoniazid pharmacokinetics in
Indonesian TB patients. A scoping review was conducted by searching Google
Scholar, Scopus, and PubMed in accordance with PRISMA guidelines for scoping
review (PRISMA-ScR). We retrieved 668 studies from three databases and we enrolled
12 studies for final analysis. Eleven studies reported on adult TB patients and one
study on pediatric TB patients. Overall, the available evidence suggests that the slow
acetylator phenotype is relatively common among TB patients in Indonesia, although
its distribution varies across regions and ethnic groups. The NAT2*6 polymorphism
was frequently observed among TB patients with a slow acetylator phenotype. TB
patients with slow acetylation exhibited higher serum concentrations of isoniazid,
which were significantly associated with an increased risk of DILI. No studies reported
an association between NAT2 genetic polymorphisms or acetylation status and
treatment outcomes among TB patients. This review confirms substantial variation in
NAT2 genetic polymorphisms across studies in Indonesia. TB patients with a slow
acetylator phenotype appear to have a greater risk of developing DILI compared with
those with intermediate or fast acetylator phenotypes.   Information on acetylator
status may identify patients at higher risk of hepatotoxicity, particularly those with
the slow acetylator phenotype. Therefore, integrating NAT2 pharmacogenetics into
clinical practice may predict hepatotoxicity and optimize tuberculosis therapy.

Introduction
Tuberculosis (TB) is still an epidemic disease in the world,
with the number of new cases increasing every year.
According to the World Health Organization (WHO) report
in 2024, more than 8.2 million people in the world were
diagnosed with new TB cases in 2023, with 1.25 million
deaths. The top five countries accounting for more than
59% of TB cases worldwide are India (26%), Indonesia
(10%), China (6.8%), Philippines (6.8%), and Pakistan (6.3%)
(1). The estimated incidence of TB in Indonesia in 2021 was
969, 000 or 354 per 100, 000, with a treatment success rate
of 86.5% in 2022, and has not yet met the national target
of 90%. One of the efforts made by the Indonesian
Ministry of Health to support the elimination of TB in
Indonesia by 2030 is to increase the treatment success rate
to ≥ 90% (2). Treatment failure contributes to the

occurrence of drug-resistant TB (DR-TB) cases, which are
increasing every year in Indonesia. Therefore, optimizing
antimicrobial therapy to reduce antituberculosis drug
(ATD) resistance is crucial.

Isoniazid is one of the first-line ATDs to treat TB. It
shows an early bactericidal effect by inhibiting mycolic
acid synthesis, an important component of the TB bacterial
cell wall. (3) According to the national tuberculosis
guidelines, isoniazid is prescribed at 4-6 mg/kgBW per day
and a maximum daily dose of 300 mg (4). However,
isoniazid exhibits wide interindividual variability, which
leads to alterations in its pharmacokinetic profile. A
substantial proportion of patients with TB receiving
standard dosing of Isoniazid have plasma drug
concentrations below the predicted therapeutic range. For
example, approximately 64–88% of patients were reported
to have subtherapeutic isoniazid exposure in studies that
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measured plasma concentrations at 2 hours post-dose or
evaluated pharmacokinetic parameters such as peak
concentration (Cmax) and the area under the
concentration–time curve (AUC). These findings highlight
considerable interindividual variability in isoniazid
pharmacokinetics among tuberculosis patients in
Indonesia (5).

The antimycobacterial activity of isoniazid correlates
with its plasma concentration. However, wide
interindividual variability in isoniazid pharmacokinetics
may lead to subtherapeutic drug concentrations, resulting
in treatment failure and an increased risk of antibiotic
resistance. (6) Subtherapeutic concentrations of isoniazid
may result from both genetic and non-genetic factors.
Non-genetic factors include poor treatment adherence,
previous TB treatment (retreatment), inadequate drug
dosing, and low body weight (7). Genetic factors
contributing to interindividual variability in isoniazid
pharmacokinetics primarily involve polymorphisms of the
N-acetyltransferase 2 (NAT2) gene (6). Isoniazid undergoes
hepatic metabolism mediated by the enzyme arylamine N-
acetyltransferase 2 (NAT2) through an acetylation pathway.
However, genetic polymorphisms in NAT2 lead to
substantial interindividual variability in isoniazid
metabolism and they were associated with treatment
failure and drug resistance (8). Treatment failure and drug
resistance are primarily associated with microbiological
and treatment-related factors, such as inadequate drug
exposure, poor adherence, or the presence of resistant
strains of Mycobacterium tuberculosis. In contrast,
hepatotoxicity represents an adverse drug reaction that is
largely related to host factors, including genetic variability
in drug metabolism (6, 7).

The distribution of NAT2 genetic polymorphisms
varies considerably across ethnic groups worldwide,
including in Indonesia. The distribution of NAT2
polymorphisms differs significantly across ethnic groups
and geographic regions, as reported in previous
pharmacogenetic studies, and this variation may influence
the prevalence of slow, intermediate, and fast acetylator
phenotypes. Such variability may affect the metabolism of
isoniazid and consequently lead to differences in drug
exposure and treatment-related outcomes among patients
with TB (9-11). The severity of drug-induced liver injury
(DILI) due to polymorphism of NAT2 was also different
among studies (11, 12). Studies reported the prevalence of
ATD-induced DILI ranged from 6.5% to 50% (13, 14). The
impact of NAT2 genetic polymorphisms requires further
investigation, particularly regarding their relationship with
ethnicity and disease-specific differences, as well as their
implications for individualized isoniazid dosing applicable
in clinical practice among TB patients in Indonesia.
Therefore, maintaining plasma isoniazid concentrations
within the therapeutic range is essential to optimize
treatment outcomes and minimize adverse effects.

There are differences among studies regarding the
consistency and strength of the association between NAT2
polymorphisms and INH-DILI, despite growing evidence in
Indonesia. These discrepancies may be attributed to
differences in population genetics, diagnostic criteria, and
study design. Thus, a comprehensive review is necessary to
address the gap. A scoping review is considered the most
appropriate approach to examine NAT2 genetic
polymorphisms among patients with TB in Indonesia, as it

enables a comprehensive mapping of existing evidence,
including study designs, population characteristics,
genotyping methods, and reported clinical outcomes.
Furthermore, this approach facilitates current research
gaps and provides a valuable foundation for future
pharmacogenetic research on tuberculosis in the
Indonesian population. Although the implementation of
pharmacogenetics in the treatment of TB in Indonesia
faces several challenges, including limitations in laboratory
facilities, cost constraints, and healthcare infrastructure,
advances in molecular technologies and the growing
interest in precision medicine provide opportunities for
broader integration of this approach in the future to
improve the safety and effectiveness of TB therapy.
Therefore, the objective of this scoping review is to map
the existing evidence on NAT2 genetic polymorphisms
among patients with tuberculosis in Indonesia.

Methodology

Search strategy and study selection
This scoping review was reported in accordance with the
PRISMA Extension for Scoping Reviews (PRISMA-ScR)
guidelines to ensure transparency, completeness, and
reproducibility of the literature review process. These
guidelines extend the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses and were
specifically developed for scoping reviews (15). The search
applies a combination of the following keyword variants:
“tuberculosis”, “TB”, “isoniazid”, “INH”, “hepatotoxicity”,
“drug-induced liver injury”, “polymorphism”,
”pharmacogenomic",  “treatment outcomes”,
“pharmacokinetic”, “N-acetyl-transferase 2”, “NAT2”, and
“Indonesia”. The study includes literature indexed by
Google Scholar, PubMed, and Scopus databases. Only
original, peer-reviewed articles published in English or
Indonesian and conducted in Indonesia between 2011 and
2024 were included in this study. These terms were
combined using Boolean operators with "OR", "AND", and
"NOT" to retrieve articles more specifically.

The search in the PubMed databases was conducted
using the following combination of terms ("N-
acetyltransferase 2" OR NAT2 OR "acetylator status" OR
"NAT2 polymorphism") AND (tuberculosis OR TB OR
"Mycobacterium tuberculosis") AND ("Drug-Induced Liver
Injury" OR hepatotoxicity OR "liver toxicity") AND
(Indonesia OR Indonesian). The search in the Scopus and
Google Scholar databases was conducted using the
following combination of terms ("NAT2" OR "N-
acetyltransferase 2" OR "NAT2 polymorphism" OR
"acetylator status" OR "slow acetylator" OR "fast
acetylator") AND ("tuberculosis" OR "TB" OR
"Mycobacterium tuberculosis") AND ("hepatotoxicity" OR
"drug-induced liver injury" OR DILI OR "liver injury" OR
"liver toxicity")

Inclusion and exclusion criteria
The inclusion criteria in this scoping review were: 1) articles
written either in English or Indonesian; 2) articles as
original articles with cross-sectional, cohort, or case-
control studies, and pharmacokinetic studies; 3) reporting
genetic polymorphism of NAT2 and or NAT2 phenotypic
(acetylator status). Articles analyzing the association
between the genetic polymorphism of NAT2 with
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drug-induced liver injury, pharmacokinetic profile, and
treatment outcomes were also included. Studies that
included patients receiving INH for conditions other than
tuberculosis, such as other mycobacterial infections, were
excluded. Reviews, letters to the editor, and commentaries
were also excluded from this review.

Ethical Statement
The current study did not require ethical approval because
it was a scoping review; therefore, informed consent was
waived.

Process of study selection

Data extraction
Data from studies that met the inclusion criteria were
extracted using a standardized data extraction form. The
form was designed to collect relevant information from
each included article, including general study
characteristics, research methods, population
characteristics, and key findings related to the objectives
of the scoping review. The author’s name, study location,
year of publication, sample size, study design, and
summary of findings were extracted to provide a
descriptive overview of each study. The extracted data also
included the acetylator phenotype and the frequency of
single-nucleotide polymorphism (SNP) alleles. Because the
study's findings were diverse, they were presented as a

narrative synthesis. Aspartate aminotransferase (AST) or
alanine aminotransferase (ALT) levels greater than five
times the upper limit of normal (ULN), AST or ALT levels
greater than three times the ULN with symptoms like
nausea, vomiting, lack of appetite, abdominal discomfort,
or jaundice, or AST or ALT levels greater than three times
the ULN with total bilirubin levels greater than two times
the ULN were the criteria for diagnosing DILI (16).
Therefore, the standardized diagnostic criteria are
necessary in the included studies to ensure consistency in
the identification and reporting of hepatotoxicity cases
associated with antituberculosis drugs. The outcomes were
grouped into thematic categories, including genetic
characteristics (NAT2 genotype and acetylator status),
pharmacokinetic outcomes (isoniazid plasma
concentration), and clinical outcomes (hepatotoxicity or
treatment response), to facilitate a structured presentation
of the evidence.

In this study, no quality assessment of the included
studies was conducted because the primary objective of a
scoping review is to map the available scientific evidence,
describe study characteristics, and identify knowledge
gaps rather than evaluate the effectiveness of
interventions or produce quantitative effect estimates, as
is typically done in a systematic review. In addition, the
PRISMA-ScR reporting guidelines state that study quality
assessments may be reported if conducted, but they are
not required for a scoping review (15).

Figure 1. Prisma flowchart of scoping review.
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Results and Discussion
Using a combination of keywords, a total of 813 articles
were identified across three databases. Of these, 317
duplicate records were removed. Of the remaining 496
articles, 286 were excluded after title and abstract
screening, leaving 65 for full-text review. Subsequently, 50
articles were further excluded for various reasons. Finally,
according to the PRISMA ScR flowchart, 12 articles were
included in the scoping review. Figure 1 presents the
PRISMA flowchart for article selection, while
Supplemental  Table 1 summarizes the characteristics of
the studies included in this review.

We retrieved 12 articles for final analysis in this study.
Our review found only one study reporting the NAT2
genetic polymorphism in pediatric TB. Three studies did
not analyze the association between NAT2 genetic
polymorphism and DILI or serum INH concentration (17,
18, 23). In this review, no studies involving TB patients
were conducted in Kalimantan, Sulawesi, Bali, or Papua.
Isoniazid is a prodrug that undergoes bioactivation by the
KatG enzyme in Mycobacterium tuberculosis cells, forming
an isoniazid–NAD (INH–NAD) adduct that competitively
inhibits InhA, an enzyme involved in the fatty acid
synthase (FAS) II pathway that is responsible for mycolic
acid synthesis. This inhibition prevents mycolic acid
production, ultimately leading to bacterial cell death (7).
NAT2 is an enzyme encoded by the intronless NAT2 gene,
which spans approximately 870 base pairs and is located
on chromosome 8. Variations in the DNA sequence of the
NAT2 gene, known as single-nucleotide polymorphisms
(SNPs), result in differences in genotypes, haplotypes, and
corresponding phenotypes. Based on their capacity to
metabolize isoniazid, NAT2 haplotypes are phenotypically
classified into fast, intermediate, and slow acetylators. Fast
acetylators acetylate isoniazid five to six times faster than
slow acetylators. The acetylation rate constant for
monoacetylhydrazine is estimated to be fourfold greater in
fast acetylators than in slow acetylators (25).

There are at least seven SNPs in the NAT2 gene, such
as nucleotide change (nt) 191G>A at rs1801279, nt282C>T
at rs1041983, nt 341T>C at rs1801280, nt 803A>G at
rs1208, nt 590G>A at rs1799930, nt 857>A at rs1799931,
and nt 481C>T at rs1799929. The distribution of these
SNPs has been documented in international databases and
reported to vary across different ethnic populations
worldwide (26). The combination of multiple SNPs
determines NAT2 haplotypes, leading to a wide range of
acetylation phenotypes that influence NAT2 enzyme
activity. For example, two NAT2*4 normal alleles or
homozygous wild-type in the form of NAT*2/*4 are
classified as fast acetylators. One NAT2*4 normal allele in
combination with one NAT2*5, NAT-2*6, or NAT-2*7
mutant allele is classified as an intermediate acetylator.
Two mutant alleles with genotype combinations such as
nt481C> T, nt857G> A, or nt 590G> A in the form of
NAT2*5, NAT2*6, or NAT2*7 are classified as slow
acetylators (27).

We found one study by Pramono et al., who
suggested that in TB patients with and without diabetes,
variations in the NAT2 acetylator phenotype were present
in both groups, with no evidence that diabetes alters
acetylator status. TB patients with diabetes have a higher
risk of DILI, but this is typically associated with metabolic

and chronic inflammatory factors associated with diabetes,
rather than changes in acetylator phenotype (17).
However, the main limitations of the study include the very
small sample size, limited geographic coverage, the
absence of pharmacokinetic data or reported DILI events,
and a cross-sectional design that restricts causal inference.
Therefore, larger, multicenter studies incorporating clinical
and pharmacokinetic data are warranted to generate more
robust and generalizable evidence.

A study by Sahiratmaja et al., conducted in Kupang,
West Nusa Tenggara, demonstrated that rapid and
intermediate acetylators were more prevalent among TB
patients (18, 23). A study by Perwitasari et al., conducted in
Yogyakarta and Lampung, reported that more than 60% of
TB patients were slow acetylators (9, 19). Acetylhydrazine
(AcHz) is considered a key metabolite responsible for the
hepatotoxic effects of isoniazid (28). Slow acetylators are
at greater risk of accumulating toxic isoniazid metabolites,
including AcHz, due to reduced acetylation capacity. In
addition, unacetylated isoniazid may be hydrolyzed by
amidase enzymes to form hydrazine, another hepatotoxic
metabolite that contributes to liver injury (29).

Conversely, more than 60% of TB patients were rapid
acetylators as reported by Anggraini et al. It was more
likely because they used the sulphadimidine method to
assess acetylation status (30). Meanwhile, most studies in
this review used DNA sequencing to detect SNPs and the
NAT2 phenotype. Different methods of assessing
acetylator status may lead to different results. The study's
small sample size, observational design, and lack of
comprehensive pharmacokinetic and hepatotoxicity data
limit its ability to provide robust insights into the impact of
acetylation status on isoniazid serum concentrations and
sputum conversion. These limitations underscore the need
for larger, multicenter studies with more detailed genetic
and clinical assessments to enhance the generalizability of
findings and support causal inference.

Previous studies on several Indonesian ethnic groups
in healthy subjects, including Javanese-Sundanese,
Buginese, and Batak, also showed that a significant
proportion of the population are slow acetylators (31-33).
In contrast, a study by Sahiratmaja et al., reported that
nearly 50% of household contacts of TB patients in
Kupang, a region in eastern Indonesia, were rapid
acetylators (18). It demonstrated substantial variations in
NAT2 and acetylation status among Indonesia's ethnic
groups. The distribution of NAT2 acetylator status varies
across regions in Indonesia due to differences in the
frequency of NAT2 alleles associated with ethnicity,
influenced by population history, migration, and local
genetic variation. This variation should be considered in
individualized TB treatment strategies, including isoniazid
dosing and monitoring for the risk of hepatotoxicity.
Nonetheless, the frequency of inferred slow acetylators in
the Indonesian population is relatively comparable to that
observed in other Southeast Asian populations (34-36).

Seven studies reported an association between NAT2
genetic polymorphisms determining acetylator status and
the occurrence of drug-induced liver injury (DILI) (9, 11, 12,
19-21, 24). TB patients with a slow acetylator phenotype
were associated with DILI. Nevertheless, no studies report
the onset of DILI in TB patients. The study by Perwitasari et
al., found that 69.5%, 5.6%, and 25.0% of drug-sensitive
pulmonary TB (DS-TB) patients were classified as slow,
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intermediate, and fast acetylators, respectively, and that
the slow acetylator phenotype was significantly associated
with DILI. TB patients with serum isoniazid concentrations
≥ 7 mcg/mL had a 1.2-fold higher risk of drug-induced
liver injury (DILI) (9).

Another study by Yuliwulandari et al., conducted in
DKI Jakarta, East Java, and Banten provinces, reported that
TB patients with the slow acetylator phenotype had a 3.6-
fold higher risk of developing drug-induced liver injury
(DILI) compared with those with the fast acetylator
phenotype (20). However, none of the studies analyzed
several factors that may increase the risk of DILI, such as
TB patients with HIV, smoking status, and history of
alcohol drinking.

Only one study by Soedarsono et al., reported that TB
patients with low BMI and slow acetylators were
significantly associated with DILI (12). Patients with low
BMI often have deficiencies in plasma proteins, including
albumin, which play a critical role in the distribution of
isoniazid, rifampicin, and their metabolites (37). Reduced
plasma protein levels increase the free fraction of the
drug, leading to greater hepatocyte exposure to toxic
metabolites. Isoniazid and rifampicin are metabolized in
the liver via acetylation and glucuronidation pathways.
Consequently, malnutrition may alter hepatic enzyme
activity and impair the detoxification of toxic metabolites
such as hydrazine (38). This indicates that nutritional status
is an important host factor that modulates the risk of
hepatotoxicity associated with ATDs. Thus, further studies
in Indonesia need to be conducted with attention to some
covariates that may lead to an increased risk of DILI and
alter the pharmacokinetic profile of isoniazid in TB
patients.

The association between slow acetylator status and
drug-induced liver injury (DILI) reported in Indonesian
studies is supported by several studies conducted in India
(39) and Thailand (35, 40), which demonstrated that slow
acetylators have significantly higher serum isoniazid (INH)
concentrations than fast and intermediate acetylators.
Interestingly, a study in Thailand reported that among
slow acetylators, individuals with the NAT2*6A/6A
genotype had higher serum isoniazid concentrations than
those with NAT2*6A/*6A, NAT2*5B/*6A, NAT2*5B/*5B,
NAT2*6A/*7B, and NAT2*6A genotypes (35). This finding is
consistent with our review, which demonstrated that the
NAT26 polymorphism was more prevalent among TB
patients with the slow acetylator phenotype.

Patients carrying the NAT2*6A allele are likely to have
reduced NAT2 enzyme activity, which slows the
metabolism of isoniazid and leads to the accumulation of
toxic metabolites, thereby directly increasing the risk of
DILI. Identifying patients with the NAT26A allele enables
dose adjustment of isoniazid, closer monitoring of liver
function throughout therapy, and a personalized (precision
medicine) treatment approach, particularly in populations
with a high prevalence of NAT26A. Therefore, NAT2
genotyping, specifically targeting the NAT2*6A allele, may
serve as a safe and evidence-based strategy for preventing
hepatotoxicity in Indonesia.

In our review, we identified an association between
acetylation status and serum isoniazid (INH) concentration,
as reported by Soedarsono et al. Rapid acetylators had
significantly lower peak concentrations and area under the
curve (AUC₀–₂₄) compared with patients with intermediate

and slow acetylator phenotypes. However, the study was
conducted in a single hospital in Surabaya, where the
population is predominantly Javanese; therefore, ethnicity
could not be included as a covariate (10). Consequently,
different results may be observed when these findings are
applied to other ethnic groups in Indonesia. Furthermore,
the study did not include several covariates that may
influence serum isoniazid concentration or clearance.
Previous studies have reported that factors such as
smoking status, previous exposure to first-line anti-TB
treatment, elevated uric acid levels, age, and body mass
index may be associated with serum INH concentrations
(41-44). A study by Anggraini et al., demonstrated that
serum isoniazid concentrations were approximately twice
as high in slow acetylators as in fast acetylators.
Nevertheless, acetylation status was not significantly
associated with treatment outcomes, possibly due to the
relatively small sample size, which limited the statistical
analysis (30). In contrast, another study with a larger
sample size reported that early treatment failure was more
frequent in fast acetylators than in slow acetylators.
Additionally, a study by Ulanova et al., found that isoniazid
concentrations < 3 mcg/mL in rapid acetylators were
associated with positive sputum cultures in the second
month of treatment (45).

We identified two studies that suggested that MDR-
TB patients were more likely to exhibit the rapid acetylator
phenotype (21, 22). This suggests that the rapid acetylator
phenotype may increase the likelihood of isoniazid
resistance. Isoniazid is included in the shorter MDR-TB
treatment regimen (9–11 months) at a daily dose of 450–
600 mg. A study by Yunivita et al. involving Indonesian
MDR-TB patients reported that approximately one-fourth
of patients had AUC₀–₂₄/MIC and Cmax/MIC values below
the proposed therapeutic targets. The proportion of fast
acetylators was higher than that of slow acetylators (46).
Although several limitations should be considered, the
studies by Yuliwulandari et al., and Senja et al., provide
valuable insights into the role of NAT2 polymorphisms in
MDR-TB patients. As both studies employed observational
designs, establishing a causal relationship between NAT2
variants and clinical outcomes remains challenging. In
addition, the relatively small sample sizes may reduce
statistical power and limit the generalizability of the
findings. The pharmacokinetic evaluation was also limited,
as the area under the curve, drug clearance, and half-life
were not thoroughly assessed. Furthermore, important
clinical outcomes, including hepatotoxicity and treatment
response, were not consistently evaluated, and potential
confounding factors such as nutritional status,
comorbidities, and treatment adherence were not
comprehensively examined. Therefore, larger and
multicenter studies involving diverse populations in
Indonesia are needed to evaluate the distribution of NAT2
phenotypes and their associations with both MDR-TB
treatment efficacy and the risk of hepatotoxicity.

Pharmacogenomic screening for NAT2
polymorphisms has been proposed as a potentially cost-
effective strategy to optimize isoniazid dosing and prevent
DILI. A modeling study reported that NAT2 genotype-
guided therapy gained approximately 19–24 quality-
adjusted life years (QALYs) per 1.000 patients. In several
high TB-burden countries, the incremental cost-
effectiveness ratios ranged from $476 to $1, 780 per QALY
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gained. As these values fall below the national gross
domestic product (GDP) per capita thresholds, NAT2
genotyping would be considered highly cost-effective (47).
Although comparable pharmacoeconomic analyses have
not yet been conducted in Indonesia, the high frequency
of NAT2 polymorphisms and the substantial burden of
antituberculosis drug-induced hepatotoxicity suggest that
pharmacogenomic screening may represent a promising
strategy for early risk detection and personalized TB
therapy.

This review has several important limitations that
should be carefully considered. First, the number of
studies examining the impact of NAT2 genetic
polymorphisms on therapeutic outcomes in TB patients
remains relatively limited. Consequently, the currently
available evidence is still insufficient to determine the
direct effect of these polymorphisms on treatment failure
among TB patients in Indonesia. Second, studies
investigating multiple clinical and genetic factors that may
influence isoniazid pharmacokinetics and hepatotoxicity
are also scarce and limited in scope.

Conclusions
This scoping review indicates that N-acetyltransferase 2
(NAT2) gene polymorphisms play a significant role in
determining acetylator phenotypes, which influence
isoniazid metabolism and clinical outcomes among
tuberculosis patients in Indonesia. Most evidence suggests
that the slow acetylator phenotype is relatively prevalent
in the TB patient population and is consistently associated
with higher serum isoniazid concentrations and an
increased risk of drug-induced liver injury during
antituberculosis therapy. Certain genetic variants,
particularly the NAT2*6A allele, have been reported to
reduce NAT2 enzyme activity, thereby slowing isoniazid
metabolism and leading to the accumulation of
hepatotoxic metabolites, which increases susceptibility to
hepatotoxicity. Conversely, patients with the rapid
acetylator phenotype tend to have lower isoniazid
concentrations due to increased drug clearance, which
may result in subtherapeutic drug exposure and
potentially affect therapeutic response. However, the
available evidence remains limited because many studies
involve relatively small sample sizes, restricted geographic
coverage, and a lack of integration of genetic,
pharmacokinetic, and clinical outcome data. Therefore,
large-scale, multicenter prospective studies involving
diverse ethnic populations across Indonesia are needed to
generate more comprehensive evidence on the
relationship between NAT2 polymorphisms, isoniazid
metabolism, and TB treatment outcomes. Additionally,
pharmacoeconomic evaluations are necessary to assess
the feasibility of implementing NAT2 genotype screening
as part of a precision medicine–based approach to TB
treatment. The integration of pharmacogenomic
information into clinical practice has the potential to
improve treatment safety, reduce the risk of
hepatotoxicity, and optimize the effectiveness of TB
therapy in Indonesia.
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