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A b s t r ac t
Antituberculosis (anti-TB) drugs possess a variety of adverse effects, of which hepatotoxicity is the most common adverse effect as most of the
anti-TB drugs are metabolized through the liver. Globally, the incidence of antituberculosis drug-induced hepatotoxicity (ATDH) ranges from
2% to 28% based on the definition of drug-induced liver injury, population of the study, and regimen of the treatment used. As documented
in different studies, alcohol intake; elderly age; chronic liver disease; infections with hepatitis B virus (HBV), HCV, and HIV; advancement of
TB; Asian ethnicity; female gender; concomitant use of enzyme-inducers; and poor nutritional status, were the possible risk factors for ATDH.
Hepatic transaminase elevation without clinical presentation is a common and benign episode following anti-TB treatment, but symptomatic
hepatotoxicity can be fatal without any intervention. Hepatotoxicity caused by antituberculous treatment (ATT) due to the combined use
of drugs and long therapy period has been a major concern for clinical treatment. The rate of the liver injury due to ATT in developed and
developing countries has been reported to be 4% and 39%, respectively. Hence, there is an urgent need to review the risk factors and predictors
of hepatotoxicity identified in various studies so as to plan reliable clinical interventions for disease prevention or timely identification and to
develop safer drug regimens.
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Introduction
In 1993, the World Health Organization (WHO) declared TB to be a
global emergency and still it continues to remain as a significant
threat across the world. India accounts for one fourth of the TB
burden, i.e., 2.2 million of the 9.6 million cases globally.1 In 1997,
Revised National Tuberculosis Control Program (RNTCP) launched
directly observed treatment shortcourse (DOTS) strategy which
was internationally recommended.2 Thrice weekly regimens with
the standard four-drug (HRZE) intermittent regimen was used
initially. To lower the emergence of the drug-resistance TB and for
simplicity of treatment, intermittent regimen has been changed to
daily regimen with fixed dose combination (FDC) of drugs based
on the weight band, from 2016.2
Treatment with multiple drugs is important in the treatment
of TB and to prevent the selection of the drug-resistant mutant
bacilli. The antituberculous treatment (ATT) drugs used in FDC
formulations ensure that the adequacy of the dose remains within
the therapeutic range. 3 The entire standard anti-TB treatment
regimen consists of two phases, namely, intensive and continuation
phase. The initial intensive phase is aimed at destroying the rapidly
multiplying and semidormant bacilli and usually contains three to
five drugs. The intensive phase of the standard primary treatment
regimen includes four drugs, namely isoniazid (H), rifampicin
(R), pyrazinamide (Z), and ethambutol (E). A standard four-drug
regimen decreases the risk of development of drug resistance
and plays a pivotal role in reducing the rates of relapse and failure.
The continuation phase is aimed at destroying the most residual
bacilli and in reducing failure and relapse rates. The continuation
phase of the primary standard treatment is provided with three
drugs, i.e., HRE.4
Anti-TB drugs possess a variety of adverse effects, of which
hepatotoxicity is one of the most common adverse effects. The
common adverse reactions of isoniazid include cutaneous reactions,
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lethargy, peripheral neuropathy, and hepatitis. The common
adverse events associated with rifampicin are gastrointestinal
reactions (such as nausea, vomiting, and abdominal pain), hepatitis,
and cutaneous reactions. Arthralgia and hepatitis are the common
adverse drug reactions (ADRs) associated with pyrazinamide. The
main adverse reaction of ethambutol is retrobulbar neuritis.4 The
spectrum of antituberculosis drug-induced hepatotoxicity (ATDH)
is diverse ranging from asymptomatic rise in liver enzymes to
fulminant hepatic failure. Anti-TB treatment-induced hepatotoxicity
is one of the leading causes of liver injury in India as well as in other
countries. It accounts for 58% of all cases of drug-induced liver injury
and 5–22% cases of drug-induced acute liver failure.5 When an ADR
occurs as a result of anti-TB treatment, especially when severe, one
or more drugs may have to be discontinued or treatment should be
interrupted, resulting in multiple implications, particularly extended
treatment duration and an increased risk of drug resistance, relapse,
and treatment failure. So all patients should be closely monitored to
immediately recognize major ADRs and activate proper therapeutic
measures. To recognize the development of ATDH, clinicians should
be aware of the various risk factors associated with the development
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A Concise Review on Incidence and Risk Factors for ATT-induced Hepatotoxicity
of ATDH. Numerous risk factors have been reported globally based
on the different study population and different diagnostic criteria
for ATDH. This review article aims at presenting a concise review
of the incidence, mechanism of hepatotoxicity caused by first-line
antitubercular drugs in adults and the risk factors associated with
the development of ATDH.

M at e r ia l s

and

Methods

Studies were identified from an electronic search of PUBMED (2002–
2018). Variants of key words such as “tuberculosis,” “antitubercular
agents,” “hepatotoxicity,” and “adverse effects” were used.
References from articles identified were also searched for relevant
publications. Only manuscripts in English were considered.

Incidence of ATDH
Anti-TB treatment-induced hepatotoxicity is of major concern to the
clinicians treating TB patients with ATT. In spite of this fact, there
is no universal standard definition for ATDH. Incidence of ATDH
ranges from 3% to 47% based on the definition of drug induced
liver injury (DILI) used, population of the study and regimen of the
treatment used (Table 1).6,7
The variability of the clinical response to the TB treatment
might be related to the pharmacokinetic differences mostly
attributed to the variability of the activity of enzymes implicated
in hepatic metabolism of isoniazid (INH); that is, N-acetyltransferase
2 (NAT2) and cytochrome P450. “It has been argued that genes
encoding NAT2 and CYP2E1 are polymorphic and single-nucleotide
polymorphisms (SNPs) on their coding regions could alter their
enzymatic activity, resulting in an inter individual variability of
expression of the NAT2 and CYP2E1 enzymes”.8,9

Table 1: Comparison of incidence and risk factors for ATDH from
literature
Study
Wang et al.12
Abbara et al.6

Mariai et al.7
Abera et al.19
Saha et al.10
Sun et al20

Lee et al.21
Isa et al.22
Soliman et al.23
Naqvi et al.24
Gaude et al.25
Singla et al.26

Mechanism of ATDH
Rifampicin may itself be hepatotoxic, as observed in cases with
positive rechallenge and in situations where it is used alone
(as to relieve pruritus). Pyrazinamide exhibits a wide range of
hepatotoxicity which includes idiosyncratic dose-dependent,
sporting eosinophilia and granulomatous hepatitis.10 Rifampicin
induces hepatic CYP450 and leads to an increase in metabolism of
other compounds. Rifampicin increases the production of hydrazine
by inducing the isoniazid hydrolase enzyme. Concomitant use
of isoniazid and rifampicin is associated with increased risk of
the development of ATDH. Thus, the cause of hepatotoxicity
by rifampicin may be due to enzyme induction, but the exact
mechanism is unknown and it is often unpredictable. The precise
mechanism of pyrazinamide causing hepatotoxicity is also unclear.
Ethambutol does not have biliary clearance and is not hepatotoxic.
Plethora of studies focused on the adverse reactions of INH,11,12
a drug metabolized by hepatic NAT and cytochrome P450 2E1
(CYP2E1) to develop hepatotoxins13 and reactive oxygen species.14
Although the first-line anti-TB drugs are more secure than the
second-line drugs, hepatotoxicity to INH, rifampicin (RMP), and
ethambutol (EMB) are well-documented in various studies.15 In
recent years, new analytical techniques, such as metabolomics,
genomics, proteomics, and transcriptomics, have provided a new
approach and platform for exploring the toxicity, mechanism of
action, and safety evaluation of certain compounds.16–18

Risk Factors for Developing ATDH
Many risk factors have been proposed for the development of
ATDH. According to the previous works done on ATDH risk factors,

Khalili et al.27

Khadka et al.28
Makhlouf
et al.29
Marzuki et al.30
Anand et al.31

Shakya et al.32
Teleman
et al.33
Sharma et al.10

Incidence of
ATDH (%)
Risk factors
35.48
Increased total serum bilirubin,
aspartate aminotransferase and
preexisting hepatitis
6.9
Low patient weight, HIV-1
co-infection, higher baseline alkaline
phosphatase (ALP) and alcohol
intake.
47.4
No statistically significant risk factors
were identified
8
High alcohol intake
9.48
No statistically significant risk factors
were identified
12.9
Advanced age more than 60 years,
hypoalbuminemia HBsAg/
HbeAg-positive hepatitis B carrier
status and chronic alcoholism.
10.5
No statistically significant risk factors
were identified
18.2
No statistically significant risk factors
were identified
3.2
Ethnicity and diabetes
34.14
Age >35 years, concomitant
hepatotoxic drugs, male gender,
extrapulmonary TB, and malnutrition
3.6
Old age, hypoalbuminemia,
alcoholism, and advanced nature of
the disease
– (case
Older age, poor nutritional
control
status including baseline
study)
hypoalbuminemia, extrapulmonary
TB, moderate to advanced disease
on chest radiograph
31.4
Infection with HIV, hepatitis C,
concomitant use of hepatotoxic
drugs, increased baseline serum
alanine aminotransferase, and
aspartate aminotransferase level
35
Poor nutrition, alcohol consumption,
HIV co-infection
15.0
Preexisting liver disease,
malnourished patients, and those
with hypoalbuminemia and
extensive or open pulmonary TB
9.7
HIV co-infection and extrapulmonary
TB
10.1
Presence of HBV infection,
underlying silent chronic liver
disease and empirical treatment
with ATT without adequate clinical
evidence.
8
Female gender, disease extent, and
malnutrition
5.30
Age more than 60 years, abnormal
baseline transaminase/serum
bilirubin levels and female gender
– (case
Older age, moderately/far advanced
control
disease, serum albumin 3.5 g/dL,
study)
absence of HLADQA1*0102 and
presence of HLA-DQB1*0201
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prevalence varies based on the study population, treatment
regimen, and the definition of ATDH used. Detection of risk
factors aids in early detection of ATDH, prompt management of
the ATDH, and also lessens the mortality and morbidity associated
with ATDH.

Demographic Factors
Among the demographic data, the most widely accepted risk factors
include older age group, female gender, and low nutritional status.
Most of the studies identified elderly age as a risk factor21,26,27,31,36
for developing ATDH, but in certain studies even younger patients25
was found to be at risk of developing ATDH which may be explained
by the possible association between younger age and high alcohol
consumption. Older patients are possibly more susceptible to
drug-induced hepatotoxicity due to decrease in drug clearance
from the liver caused by liver size, changes in blood flow, and drug
distribution and binding with age. Based on the gender, females
were found to have more risk of developing ATDH31,32 but in one
study male gender was identified as a risk factor for ATDH.25 Low
nutritional status or low BMI was identified as an independent risk
factor for developing ATDH.

HIV Co-infection
Many studies have attributed the presence of HIV co-infection as
one of the important risk factors for developing ATDH.6,28,29,32 It is
unknown whether it is due to the HIV-related immunosuppression
or the occurrence of hepatitis due to other opportunistic infections
or higher prevalence of poor nutritional status among HIV
co-infected patients. Most of the antiretroviral drugs used are
potentially hepatotoxic and the concomitant usage of hepatotoxic
drugs for both the diseases and chronicity of the treatment explains
the higher incidence of ATDH among HIV/TB co-infected patients.

Preexisting Liver Diseases
Infections with hepatitis B and C are very important causes for the
development of chronic liver disease and associated with higher
incidence of development of ATDH.10,21,28 Various studies identified
as infection with hepatitis B and C as a risk factor for developing
ATDH. Patients with preexisting liver disease were at higher risk
of developing ATDH.12,29 Patients with higher transaminases and
higher bilirubin levels at the baseline were also found to be at higher
risk of developing ATDH.6,12,28,31

Nature and Severity of the Disease
Certain studies have reported TB patients with extrapulmonary
disease have increased risk of developing ATDH,10,24,29 whereas
few studies show reported higher risk of ATDH among patients
with pulmonary TB.29 Severity of the disease is found to be directly
proportional to the risk of developing ATDH, and it has been
reported in few studies including the Indian studies.10,25,26,29,32
Also an Indian study reported the higher risk of ATDH among TB
patients who were started with ATT empirically without any clinical
evidence.31

Intoxication
Intoxication with alcohol has been attributed as one of the potential
risk factors for developing ATDH. Alcohol consumption as a risk
factor for development of ATDH may be attributed because of
enzyme induction.
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Others
Concomitant use of hepatotoxic drugs along with ATT have been
reported as a risk factor for ATDH.24 Other risk factors attributed to
the development of ATDH include dosing schedules, presence of
comorbidities such as diabetes, acetylation status, and predisposing
genetic factors such as polymorphisms in cytochrome P450 2E1
and the glutathione S-transferase. In an Indian study done in
All India Institute of Medical Sciences, New Delhi, the absence
of HLADQA1*0102 and the presence of HLA-DQB1*0201 were
identified as an independent risk factors for developing ATDH.10

C o n c lu s i o n
Managing ATDH is of paramount importance among cases with
any type of TB that includes pulmonary, extrapulmonary, miliary
and disseminated TB. The exact mechanism by which ATDH occurs
is still not very clear. Further multicentric prospective studies are
required in this regard for clearly understanding the mechanism
of ATDH. Anti-tuberculosis drugs-induced hepatotoxicity not
only causes morbidity and mortality per se but also significantly
contributes to the interruption of TB treatment. Various risk
factors for development of ATDH have been reported globally
and the prevalence of those risk factors varies among the study
population, duration of treatment, and definition of ATDH used.
To lessen the morbidity and mortality and to reduce the duration
of interruption of treatment with ATT, early detection of ATDH is
necessary. Identification of risk factors for development of ATDH
aids in early diagnosis and treatment of ATDH for which the
standard universally acceptable screening facilities for risk factors
are required. So we need further risk factor assessment studies
among large and different population groups. The chronicity of
the treatment of TB is also an important factor to be considered.
Improvement in enhancing the bactericidal effect and reducing the
treatment duration should be emphasized. As there is recent switch
of intermittent to daily dosing schedules in the treatment of TB, we
are in need of large multicentric prospective studies on whether the
change in the dosing regime has any effect on the adverse reaction
profile including ATDH. This may enable the clinicians and policy
makers to find a clear picture of ATDH among patients who are on
ATT treatment to set a gold standard.
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