
Introduction
Tuberculosis is an infectious disease caused by Mycobac-
terium tuberculosis. Tuberculosis typically attacks the 
lungs, but can also affect other parts of the body. The dis-
ease has become rare in high income countries, but is still 
a major public health problem in low income countries like 
Bangladesh. The challenge in the treatment of tuberculosis 
lies in the necessity of long duration of the treatment, multi-
ple drug administration and toxicities related to them. One 
of the important complications associated with Anti-Tuberc-
ular Therapy (ATT) is hepatotoxicity. Liver is the most sus-
ceptible organ to toxicity from foreign agents. The majority 
of drug metabolism process is found to be associated with 
this organ.
People in all age groups are affected by TB, but the highest 
burden is among adult men, who accounted for 56% of all 
cases, compared with 32% of cases in adult women and 
12% in children1.

Some medicines when taken in overdoses and sometimes 
even when introduced within therapeutic ranges, may 
cause hepatotoxicity. Hepatotoxic drugsinclude -Antituber-
cular Drugs (Rifampicin, Isoniazid, Pyrazinamide) Non 
Steroidal Anti-Inflammatory Drugs (Acetaminophen, Nime-
sulide, Diclofenac, Ibuprofen, Sulindac) Anti-Retroviral 
Drugs, Anti-Hyperlipidemic Drugs, Anaesthetic Agents, An-
ti-Rheumatic Drugs, Anti-Epileptic Drugs (AED) Anti-De-
pressants, Anti-Hypertensive Drugs, Neuroleptic Drugs or 
Anti-Psychotic Drugs, Acetylcholinesterase Inhibitors, 
Drugs of Abuse etc. Few other drugs also reported to 
cause hepatotoxicity are Glucocorticoids, Antibiotics 
(Amoxicillin, Ciprofloxacin, Erythromycin) Oral contracep-
tives and antifungal drugs (Fluconazole, itraconazole)2,3.
Tuberculosis (TB) remains a huge health burden world-
wide. The currently recommended first-line treatment for 
TB is a regi-men of Isoniazid (INH) Rifampicin (RMP) Pyra-
zinamide (PZA) and Ethambutol (EMB) for 2 months, fol-
lowed by 4 months of INH and RMP and/or EMB, which are 
more or less hepatotoxic4,5.
This article attempts to provide a comprehensive review of 
diagnosis and probable management strategies for this 
global problem of ATT-induced hepatotoxicity. Regular liver 
function tests and follow up by the primary care providers 
might be helpful to minimize the morbidity and mortality.

Search Strategy 
Available studies and abstracts were identified through da-
ta PubMed and Medline data bases (From 2001-2020) and 
Cochrane data bases. Key search topic were "Antitubercular 
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ABSTRACT
Background: Hepatotoxicity is one of the most frequent and serious adverse effects of Antitubercular therapy (ATT) in the 
whole world including Bangladesh. It may reduce treatment effectiveness by compromis-ing treatment regimens. Our aim is 
to motivate the physician so that they can identify Antitubercular drug induced hepatotoxicity and manage the problem ac-
cordingly.

Materials and methods: We reviewed several literatures in the major medical databases with the subject search terms 
“Antitubercular drug induced hepatotoxicity” .We then performed a systematic review. 

Results: After reviewing the papers we found old age and female sex are more prone to develop hepatotoxicity. Moreover 
malnutrition, HIV, Hepatitis B, Hepatitis C are also risk factors for developing Antitubercular drug induced hepatotoxicity. It is 
also found that hepatotoxicity by anti TB therapy is more in developing countries due to high incidence rate of tuberculosis 
and lack of awareness. About 7% -34% patient developed hepatotoxicity in different study. This paper describes the mecha-
nism of hepatotoxicity, risk factors, and treatment modalities of the hepatotoxicity associated with antitubercular therapy.

Conclusion: Early recognition of risk factors with close follow-up of patients and subjecting them to repeated liver function 
tests will significantly reduce morbidity and mortality. It will also improve the compliance of the patients receiving antituber-
cular therapy.
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and relevant articles.
The reference list of review article were also searched. The 
search term were following key words used in verious com-
bination : Hepatotoxicity; Antitubercular drugs; Isonizaid; 
Rifampicia; Pyrazinamide; Anti TB-DH.

Discussion
Tuberculosis continues to remain a significant infectious 
disease across the developing world. Globally, an estimat-
ed 10 million people fell ill with TB in 2019 AD, a number 
that has been declining very slowly in recent years. There 
were an estimated 1.2 million TB deaths among HIV-nega-
tive people in 2019 AD (a reduction from 1.7 million death 
occurred in 2000 AD) and an additional 2,08,000 deaths 
among HIV-positive people (a reduction from 6,78,000 in 
2000 AD). Men (Aged≥15 years) accounted for 56% of the 
people who developed TB in 2019 AD; women accounted 
for 32% and children (Aged<15years) for 12%. It exacts a 
significant socioeconomic burden on the individual and so-
ciety. According to the Global Tuberculosis Report 2019 
AD, 47,000 people die of TB in Bangladesh every year. The 
estimated incidence rate is 221 per 100,000 people1-5.
The overall incidence of  antitubercular drug induced hepa-
totoxicity (Anti-TB DIH)  in the population is unknown and is 
probably unrecognized. Toxicity is dependent on the dy-
namics of drugs, drug- disease and drug-host interactions. 
Among the first-line drugs (Isoniazid, Rifampicin, Pyrazina-
mide and Ethambutol), the first three have the potential for 
hepatotoxicity with Pyrazinamide being the most hepato-
toxic followed by isoniazid and rifampicin6. Rifampicin com-
bined with Pyrazinamide ( PZA)  is more hepatotoxic than 
with Isoniazid ( INH)7,8. About 7% -34% patient developed 
hepatotoxicity in different study. However, when hepatotoxic-
ity occurs following the use of 4-drug combination regimen, it 
is impossible to quantify the contribution of each drug in the 
development of Drug Induced Hepatotoxicity  (DIH)9-11.

1. Definition of Hepatotoxicity 
In the absence of symptoms, elevation of transaminases 
up to 5 times the Upper Limit of Normal (ULN) and in the 
presence of symptoms up to three times the ULN or twice 
the ULN of bilirubin constitutes DIH, provided competing 
causes such as acute viral hepatitis, autoimmune hepatitis 
and other liver diseases are ruled out4,12.
2. Antitubercular Therapy Induced Hepatotoxicity: 
(Mechanism)5,12,13.
Isoniazid (INH) is metabolized toacetylisoniazid via hepatic 
enzyme N-acetyl Transferase 2 (NAT2) and is followed by 
hydrolysis to acetyl hydrazine. Further, acetyl hydrazine is 
oxidized by Cytochrome P450 2E1(CYP2E1)to form hepa-
totoxic intermediates, which destroy hepatocyte resulting in 
liver injury.
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Hepatotoxicity  by Rifampicin (RIF) can take place when 
taken concurrently with other anti-TB drugs. RIF is an ef-
fective inducer of CYP2E1 isoenzyme  and plays a key role 
to increase INH induced toxicity, most probably by increas-
ing the formation of its toxic metabolite hydrazine.
Pyrazinamide (PZA) is only used in combination with other 
drugs such as INH and RIF inthe treatment of TB. PZA is 
metabolized to Pyrazinoic Acid (PA) by the enzyme liver mi-
crosomal amidase and further oxidized to 5-Hydroxy Pyra-
zinoic Acid (5-OH-PA) by xanthine oxidase. These two re-
active metabolites of PZA are considered to have hepato-
toxic effect.
Ethambutol (ETH) and Streptomycin are also used as anti-
TB therapy. The mechanism of liver injury due to ETH is 
still unclear.  It has been found to be associated with minor, 
transient and asymptomatic elevations inserum amino-
transferase levels. Streptomycin (STR) has no known hep-
atotoxicity.
3. Risk Factors:6,7,8,9,14, 15

Age: Patients more than 35 years are noticed to be associ-
ated with increased risk of anti-TB-DIH .
Gender: Many studies have implicated female gender to be 
at increased risk for anti-TB-DIH. In another report of Mah-
mood et al. a higher incidence of anti-TB-DIH in female 
than males (26.3% vs. 19.7%).
Diabetes: After reviewing several articles it is found that di-
abetic patients are more prone to develop DIH. 
Malnutrition: Malnutrition also contributes to increased inci-
dence of DIH, which is more in South-East Asian regions 
Measures of malnutrition such as skin fold thickness, body 
mass index, and mid-arm circumference did not significant-
ly predict DIH. Malnutrition measured in terms of hypoalbu-
minemia (Serum albumin levels <3.5 g/dl) predicted two-
fold higher incidence of DIH.
Site and Stage of TB: It is found that abdominal TB has in-
creased risk of DIH. This may be due to subclinical liver in-
volvement. Severity of TB also was an independent predic-
tor of DIH. Higher the severity of TB infection, higher the in-
cidence of DIH.
Genetic Factors: A study showed that slow acetylators had 
increased  risk of hepatotoxicity than rapid acetylators. Fur-
thermore, slow acetylators had more severe hepatotoxicity 
in comparison with rapid acetylators. This basis can be ex-
plained by the fact that slow acetylators convert the toxic 
intermediate monoacetyl hydrazine to diacetyl hydrazine 
slowly. Furthermore, several studies indicate that Rifampi-
cin, a well known  human PXR agonist and P450 inducer, 
can potentiate  Isoniazid induced hepatotoxicity in man, es-
pecially in slow acetylators15. Other factors like enzymes, 
Human Leukocyte Antigens (HLA)  have shown significant 
association in the development of hepatotoxicity.



Hepatotoxic potential 	 Drugs

High	 INH, Rifampicin, , Pyrazinamide

Less  	 Streptomycin, Ethambutol

Table ll : Hepatotoxic potential of first line ATT drugs. 

4.	Management of Antitubercular Drug Induced Hepato-
toxicity: 8,9,19.
All hepatotoxic first line drugs of ATT should be discontin-
ued at the first sign of symptomatic hepatitis. It is observed 
that in mild hepatotoxicity clinical and biochemical improve-
ment occurs just after withdrawal of responsible drug. In 
severe cases presenting with acute liver failure should be 
managed with N-acetyl Cysteine (NAC) which is non toxic. 
First line ATT is re-introduced sequentially to prevent rapid 
dissemination of TB. 

Rechallenge of Anti-TB Therapy:

American Thoracic Society10-12.
i) After returning of serum Alanine-aminotransferase (ALT) 
level  to less than two times the Upper Limit of Normal (ULN) 
Rifampicin  may be restarted with or without Ethambutol.

 ii) After 3 to 7 days, Isoniazid may be reintroduced, subse-
quently rechecking ALT. 

iii) If symptoms recur or ALT increases, the last drug added 
should be stopped. 
iv)  For those who have experienced prolonged or severe 
hepatotoxicity, but tolerate reintroduction with Rifampicin 
and Isoniazid, rechallenge with Pyrazinamide may be haz-
ardous. In this circumstance, Pyrazinamide may be perma-
nently discontinued, with treatment extended to 9 months. 
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Although Pyrazinamide can be reintroduced in some milder 
cases of hepatotoxicity, the benefit of a shorter treatment 
course likely does not outweigh the risk of severe hepato-
toxicity from Pyrazinamide rechallenge.

British Thoracic Society:13,19.
Once liver function is normal challenge dosages of the orig-
inal drugs can be reintroduced sequentially in the order: 
Isoniazid, Rifampicin, Pyrazinamide with daily monitoring of 
the patient’s clinical condition and liver function. Isoniazid 
should be introduced initially at 50 mg/day, increasing se-
quentially to 300 mg/day after 2–3 days if no reaction oc-
curs, and then continued. After a further 2–3 days without 
reaction rifampicin at a dose of 75 mg/day can be added, 
increasing to 300 mg after 2–3 days, and then to 450 mg 
(50 kg) as appropriate for the patient’s weight after a further 
2–3 days without reaction, and then continued. Finally, Pyr-
azinamide is added at 250 mg/day, increasing to 1.0 g after 
2–3 days and then to 1.5 g (50 kg).  If there is no further re-
action standard chemotherapy can be continued and any 
alternative drugs introduced temporarily can then be with-
drawn.

If there is a recurrence of hepatotoxicity subsequent to the 
use of a first-line drug, then that particular drug responsible 
is stopped and therapy should be continued with the use of 
second-line agents in its place. 

5. Risk of Co-infection for DIH7,20-22.
Coinfection with HIV, hepatitis B, hepatitis Cmarkedly in-
creasethe risk of hepatotoxicity. HIV alone and coinfection-
with hepatitis C increases the risk of TB DIH 4 and 14fold 
respectively, in patients on antitubercular therapy.

6. Anti-TB-DIH in Children: 23-29,30.
In children anti-TB-DIH occurs less frequently than adults 
but not uncommon30. Use of pyrazinamide increases the 
risk of hepatotoxicity.
The patients need to follow them up more closely, to identi-
fy hepatotoxicity at the earliest possible time to design new 
drug regimen. Routine monitoring for hepatotoxicity in pa-
tients receiving ATT is important to prevent morbidity and 
mortality.

7. Monitoring:31-35.
Therapeutic drug monitoring has been shown to improve 
clinical response. It is recommended that baseline Liver 
Function Tests (LFT) values are obtained prior to starting 
ATT therapy and they are monitored every 2 weeks for the 
first 2 months and monthly until regimen is over. This is es-
sential for high-risk groups such as alcoholics, Hepatitis B 
carrier, Hepatitis C infected, HIV-infected, pregnant females 
and at extremes of age (<5 and >65).Regular clinical re-
view of patients is helpful to monitor treatment adherence 
and effectiveness.

8. Prevention of DIH : 36-38,39,40.
Education of the patient and their family members about 
the risk of TB drugs should be emphasized. The primary

Risk factors	 	 Risk of  AT -DIH

Physiologic	 Age	 Increased age is associated with 
	 	 increased risk of AT-DIH

	 	 Females have increased risk 
	 	 of AT-DIH

	 Gender                                       	

Pathologic	 Liver disease	 HCV infection
	 Nutrition	 Malnutrition 
	 	 (Serum Albumin <3.5gm/dl)

TB site and stage	 Abdominal TB	 Increased Risk
	 And Severe TB 
	 infection
Associated condition-	 Hepatitis B, C	 Increased Risk
	 HIV

Genetic factors	 Slow acetylators	 Increased Risk

Table I : Risk of  AT -DIH.



care providers should emphasize on the importance of im-
mediate discontinuation of the drug immediately on devel-
opment of symptoms in order to prevent progressive liver 
disease. Since old age is a risk factor, a recent study con-
cluded that co-prescription with N-acetylcysteine (NAC) in 
patients above 60 years prevented DIH, when compared to 
those who did not receive NAC. Further studies are needed 
to confirm this finding.

Conclusion
After analyzing the articles on drug induced hepatotoxicity 
we found the incidence of  anti-TB drug induced hepatotox-
icity ranges from 7% -34%. At the same time full dose and 
course of ATT (Anti-TB therapy) is also necessary. So it is 
important for the clinician to follow up the patients regularly. 
They should counsel the patients about sign and symptoms 
of hepatotoxicity, so that they can report to the hospital as 
soon as they develop hepatotoxicity. This practice will de-
crease morbidity and mortality. 
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