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Abstract

Introduction: Tuberculosis (TB), primarily a pulmonary disease, requires a 6-month regimen 

of anti-tuberculous drugs. While effective, this treatment can lead to adverse effects, particularly 

drug-induced liver injury (DILI). This study investigates the incidence, severity, and associated 

risk factors of hepatotoxicity in TB patients undergoing anti-tubercular treatment (ATT).

Methods: This analytical cross-sectional study was conducted at a tertiary healthcare center 

over six months. A total of 125 adult TB patients were selected through convenience sampling. 

Patient number; demographic data, clinical history, and laboratory results were recorded. 

Hepatotoxicity was graded based on WHO criteria, and correlations with alanine transaminase 

(ALT) and bilirubin levels were analyzed using SPSS version 22.

Results: The study revealed that 18.4% of patients developed hepatotoxicity, with 5.6% 

experiencing mild, 4% moderate, 4.8% severe, and 4% life-threatening levels. A moderate 

positive correlation (r = 0.56) was found between ALT levels and hepatotoxicity grades, while a 

strong correlation (r = 0.67) was observed with total bilirubin levels.

Statistical Analysis: Significant correlations between liver function markers and hepato

toxicity severity underscore the importance of regular monitoring in TB patients on ATT.

Conclusions: The study highlights the high incidence of hepatotoxicity in TB patients, 

emphasizing the need for regular liver function monitoring to minimize severe outcomes and 

optimize treatment strategies.
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Introduction

Tuberculosis (TB) is a chronic bacterial infection 

caused by Mycobacterium tuberculosis complex, pre-

dominantly Mycobacterium tuberculosis, often char-

acterized by granuloma formation. Although primarily 

affecting the lungs, TB can also involve other organs 

like the kidney, spine, brain, and skin. The cornerstone 

of TB treatment is a 6-month regimen of anti-TB drugs, 

including isoniazid, rifampicin, pyrazinamide, and eth-

ambutol, aimed at ensuring patient compliance and 

successful management. However, adverse effects, 

particularly anti-TB drug-induced hepatotoxicity, can 

compromise treatment outcomes.
1

Hepatotoxicity induced by anti-tuberculous drugs is 

typically diagnosed through jaundice or elevated liver 

function markers like AST, ALT, APT, or total bilirubin. 

ALT elevation exceeding three times the upper limit of 

normal (ULN) in symptomatic cases or five times the 

ULN in asymptomatic cases warrants treatment inter-

ruption.
2–5

 Hepatotoxicity is the most common of all 

adverse effect leading to drug discontinuation in 11% 
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Objectives

1.	 To study the incidence of hepatotoxicity caused by 

antituberculosis (ATT) drugs

2.	 To study the severity of hepatotoxicity caused by 

antituberculosis (ATT) drugs

3.	 To study the various risk factors associated with 

hepatotoxicity in TB patients taking ATT

Methods

This analytical cross-sectional study was con-

ducted at a tertiary healthcare center, focusing on all 

patients diagnosed with tuberculosis and undergoing 

antituberculosis (ATT) drug treatment who visited the 

department of respiratory medicine. The study included 

participants meeting the inclusion criteria, after obtain-

ing approval from the institutional ethical committee 

and consent from the participants. The study duration 

was 6 months.

A convenience sampling method was used to 

enroll the study subjects who met the inclusion crite-

ria during the study duration. Based on the article by 

Molla et al., the incidence of hepatotoxicity was esti-

mated at 8.9%. Using this information, the required 

sample size was calculated to be 125 subjects.
12

The sample consisted of consecutive subjects 

who met all eligibility criteria, consented to participate, 

and were receiving anti-tubercular treatment and care 

at the study hospital. These subjects were selected 

from the respiratory medicine department, in patient 

department (IPD), outpatient department (OPD), and 

intensive care unit (ICU)using a convenience sam-

pling method.

Selection criteria for study subjects

Inclusion Criteria: All adult patients (>18 years) 

diagnosed with TB (pulmonary, extrapulmonary, or 

both) who tested positive for the first time and started 

anti-TB medication (First Line Drugs) were included.

Exclusion Criteria: Patients with baseline ALT 

and AST values greater than two times the upper limit 

of normal (ULN) were excluded from the study.

of patients treated with a combination of isoniazid, 

rifampicin and pyrazinamide.
2–5

Drug-induced liver injury (DILI) from ATT drugs 

ranges from transient enzyme elevations to acute 

liver failure, with mortality rates post-jaundice reported 

between 4% to 12%.
6
 The prevalence of DILI varies due 

to factors like liver disease, alcoholism, and advanced 

TB.
6

Studies highlight isoniazid and rifampicin as pri-

mary contributors to DILI, with distinct mechanisms. 

Rifampicin, especially in multidrug regimens, elevates 

DILI prevalence, while pyrazinamide significantly 

heightens liver injury risks. Up to 20% of the patients 

receiving isoniazid either in single or combination ther-

apy develop transient asymptomatic elevation in liver 

enzymes, which settle with continued use of the drug.
5
 

Manifestation of the anti-tuberculous drug induced 

hepatotoxicity can vary from asymptomatic elevations 

in the liver enzymes to fulminant liver failure. Drug-

induced liver injury generally has a hepatocellular 

pattern. The burden of anti-tuberculous drug related 

hepatotoxicity is based not only on its prevalence or 

incidence, but also on its severity and outcome. The 

median interval from treatment initiation of the drug to 

development of clinical symptoms is 16 weeks (range 

6 weeks–6 months).
6

Anti-TB drug-induced fulminant liver failure appears 

to have a worse outcome when compared with that 

related to acute viral hepatitis with a case fatality rate 

between 0.042 and 0.07 per 1000 persons at any 

given time during therapy. Liver biopsy specimens, 

when available, reveal lobular hepatitis, sub massive 

to massive necrosis, and hydropic degeneration of 

hepatocytes in severe cases. In cases associated with 

rifampicin hepatotoxicity, focal hepatocellular necrosis 

and apoptosis in zone 3 and cholestasis have been 

noted on histology. This study assesses DILI preva-

lence in TB patients and identifies factors like alcohol 

consumption, hepatitis, and drug regimens influenc-

ing hepatotoxicity.
7–11

 The study was conducted in a 

tertiary healthcare center to assess the severity and 

frequency of hepatotoxicity caused by antituberculosis 

(ATT) drugs and to evaluate whether concurrence of 

risk factors influence the antituberculosis drug induced 

hepatotoxicity.
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Methods: The study began after receiving insti-

tutional ethical committee approval and obtaining 

written informed consent from the participants. Over 

the study duration of 6 months, demographic infor-

mation, clinical history, and examination findings were 

recorded using a standard, semi-structured, pre-val-

idated case record. Hepatotoxicity was categorized 

into different grades based on the WHO grading sys-

tem using ALT and/or AST levels. Treatment plans for 

patients with hepatotoxicity were determined by their 

respective physicians based on laboratory findings 

and individual patient complaints.

Ethical Considerations: Patient participation 

was kept confidential, and data privacy was main-

tained. Data were anonymized and securely stored to 

restrict access to only the study team members, the 

ethics committee, and representatives of national and 

local health authorities. Patient names were accessi-

ble only to the study doctor and staff, authorized study 

representatives, designated study monitors, and audi-

tors. The study was initiated after IEC approval.

Results

The study included a diverse group of patients cate-

gorized based on various parameters. The patients’ ages 

had a mean of 47.66 ± 14.50 years. The ages ranged 

in a broad distribution from 23 to 83 years. Seventy-six 

patients (60.8%) were male, and 49 patients (39.2%) 

were female.

The body mass index (BMI) of the study partici-

pants had a mean of 21.40, ±3.02; values ranged from 

15.2 to 28.4 (Table 1).

Some patients had comorbidities: 11 patients (8.8%) 

had diabetes mellitus (DM), 15 patients (12%) had hyper-

tension, 4 patients (3.2%) had ischemic heart disease 

(IHD), and 1 patient (0.8%) had tuberculosis. Eighty-eight 

patients (70.4%) had pulmonary TB, and 37 patients 

(29.6%) had extrapulmonary TB. Sixteen patients 

(12.8%) were alcoholics, and 14 patients (11.2%) were 

smokers. These distributions provide a comprehensive 

overview of the study population’s demographics and 

health-related characteristics, essential for understand-

ing the context and implications of the research findings.

The clinical presentations of the study participants 

included various symptoms and conditions. A reduced 

diet was observed in 19 subjects (15.2%), while 

20 subjects (16%) experienced easy fatiguability. 

Breathlessness affected 8 subjects (6.4%), and swell-

ing of the feet (pedal edema) was seen in 4 subjects 

(3.2%). Oliguria and vomiting were each reported by 3 

subjects (2.4%) (Table 2).

Generalized weakness was a symptom in 17 

patients (13.6%), and poor nutrition was noted in 

14 subjects (11.2%). Pruritus was experienced by 

3 patients (2.4%), while anuria was observed in 

Grade & Level Toxicity
1 – Mild Transient or mild discomfort; 

no limitation in (in activity; no 
medical intervention or therapy 
required.

2 – Moderate Mild to moderate limitation in 
activity, some assistance may be 
needed; none or minimal medical 
intervention or therapy required.

3 – Severe Marked limitation in activity, 
some assistance usually required; 
medical intervention or therapy 
required, hospitalization is 
possible.

4 – Life threatening Extreme limitation in activity, 
significant assistance required;
 significant medical intervention or 
therapy required, hospitalization or 
hospice care are probable.

Grades of toxicity resulting from  

TB treatment

Statistical Analysis: Data were coded and ana-

lyzed using SPSS version 22. Descriptive statistics 

included summary measures such as mean and 

standard deviation for quantitative variables (e.g., 

age) and frequency and percentages for categorical 

variables. The Chi-square test or Fisher’s exact test 

was used to evaluate associations between qualita-

tive variables, with a p-value <0.05 considered statis-

tically significant for all comparisons.
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Table 1.  Demographic Information

Parameters Number Number Percentage

Age distribution Less than 35 years 29 23.2
36 to 45 years 25 20
46 to 55 years 28 22.4
56 to 65 years 25 20
More than 65 years 18 14.4

Gender distribution Males 76 60.8
Females 49 39.2

BMI Less than 18.5 29 23.2
18.5 to 22.9 55 44
23 to 24.9 28 22.4
More than 25 11 8.8

Comorbidities DM 11 8.8
Hypertension 15 12
IHD 4 3.2
Tuberculosis 1 0.8

Extent of TB Pulmonary 88 70.4
Extrapulmonary 37 29.6

Addictions Alcoholism 16 12.8
Smoking 14 11.2

Table 2.  Clinical Presentation

Clinical Presentation Number Percentage
Reduced Diet 19 15.2
Easy Fatiguability 20 16
Pallor 17 13.6
Icterus 7 5.6
Breathlessness 8 6.4
Swelling of feet (pedal edema) 4 3.2
Oligouria 3 2.4
Vomiting 3 2.4
Generalised weakness 17 13.6
Poor Nutrition 14 11.2
Pruritis 3 2.4
Anuria 2 1.6
Hematuria 1 0.8
Jaundice 5 4
H/O Liver cirrhosis 2 1.6
H/O Kidney disease 3 2.4

2 patients (1.6%). Hematuria was reported in 1 patient 

(0.8%), and jaundice was present in 5 subjects (4%). 

A history of liver cirrhosis was reported by 2 patients 

(1.6%), and a history of kidney disease was noted in 

3 patients (2.4%).

The study assessed the grades of hepatotoxicity 

among the participants. It was found that 102 sub-

jects (81.6%) experienced no hepatotoxicity (Grade 

0). Mild hepatotoxicity (Grade 1) was observed in 7 

subjects (5.6%), moderate hepatotoxicity (Grade 2) 

in 5 patients (4%), and severe hepatotoxicity (Grade 

3) in 6 patients (4.8%). The most severe grade of 

hepatotoxicity (Grade 4) was seen in 5 patients 

(4%). In total, 125 patients were included in the 

study, encompassing the entire population assessed 

(Figure 1).

The study examined the correlation between grades 

of hepatotoxicity and two biochemical markers: ALT 

and total bilirubin (Table 3). The correlation coefficient 

(r-value) between ALT and the grades of hepatotoxicity 
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was 0.56, with a highly significant p-value of less than 

0.0001. This indicates a moderate positive correlation, 

suggesting that higher ALT levels are associated with 

higher grades of hepatotoxicity.

Similarly, the correlation coefficient (r-value) 

between total bilirubin and the grades of hepatotox-

icity was 0.67, with a p-value also less than 0.0001. 

This indicates a strong positive correlation, suggest-

ing that higher total bilirubin levels are strongly asso-

ciated with higher grades of hepatotoxicity.

These findings highlight the significant relationship 

between these biochemical markers and the severity 

of hepatotoxicity in patients undergoing antitubercu-

losis treatment.

Regarding the management of patients who 

developed hepatotoxicity, 109 subjects (87.2%) did 

not need to discontinue their treatment and were 

given symptomatic treatment for their adverse drug 

reactions. However, for the 16 subjects (12.8%) who 

developed severe adverse effects, ATT was discon-

tinued, and they later were rechallenged with the 

previous regimen once LFT returned to normal levels 

(Figure 2).

Discussion

The present study provides a comprehensive 

analysis of the incidence and severity of hepatotoxic-

ity due to anti-tubercular treatment in a diverse cohort 

of tuberculosis patients, as well as the associated risk 

factors.

The study population had a mean age of 47.66 ± 

14.50 years, and ranged from 23 to 83 years, demon-

strating a wide age distribution. The gender distribu-

tion was skewed towards males, with 60.8% of the 

participants being male. This male predominance 

aligns with the global epidemiology of TB, which often 

shows higher rates in males compared to females.

The mean BMI was 21.40, ±3.02, indicating a 

generally healthy weight range among the partici-

pants. However, the presence of comorbidities such 

as diabetes mellitus (8.8%), hypertension (12%), and 

ischemic heart disease (3.2%) highlights the com-

plex health profiles of the TB patients in this study. 

The majority of the participants had pulmonary TB 

(70.4%), with the remaining having extrapulmonary 

TB (29.6%).

In their study, Saha et al. observed that the fol-

lowing risk factors were prevalent: chronic alcohol 

consumption in 26 patients, Hepatitis B infection in 

2 patients, Hepatitis C infection in 1 patient, HIV infec-

tion in 37 patients, and chronic TB in 21 patients.
13

The clinical symptoms reported by the patients 

included reduced diet (15.2%), easy fatiguability 

Table 3. � Correlation Between Grades of Hepatotoxicity 
and Liver Function Parameters

Correlation Between Grades of Hepatotoxicity
ALT 0.56 (p-value: <0.0001)
Total Bilirubin 0.67 (p-value: <0.0001)

Figure 1.  Grades of hepatotoxicity. Figure 2.  Management.
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(16%), and generalized weakness (13.6%). These 

symptoms are commonly associated with TB and 

can be exacerbated by ATT. The presence of icterus 

(5.6%) and jaundice (4%) in a subset of patients sug-

gests potential liver dysfunction, which is a known 

side effect of ATT. The study found that 81.6% of the 

subjects experienced no hepatotoxicity (Grade 0), 

indicating that the majority of patients tolerate ATT 

well. However, a significant minority experienced 

varying degrees of hepatotoxicity, with 5.6% having 

mild (Grade 1), 4% moderate (Grade 2), 4.8% severe 

(Grade 3), and 4% very severe (Grade 4) hepatotox-

icity. These findings underscore the importance of 

monitoring liver function in patients undergoing ATT.

A study in Taiwan by Shang and colleagues 

reported a prevalence of drug-induced liver injury 

(DILI) from tuberculosis treatment at 12% (111/926) 

within a median of 38 days from the start of treat-

ment, with 3.5% developing severe DILI. In China, 

the prevalence was 10.4% (267/2457) within the first 

2 months of treatment.
14

 Independent risk factors 

for DILI identified in a study from Peru by Chung-

Delgado et al. included overweight/obesity and smok-

ing,
15

 while Pande et al. in India found advanced age, 

hypoalbuminemia, high alcohol intake, slow acetyla-

tor phenotype, and associated chronic diseases to be 

significant risk factors.
16

 Previous Indian studies by 

Ungo et al.
17 

and Sulkowski et al.
18 

demonstrated that
 

HIV coinfection, due to the concomitant use of pro-

tease inhibitors, and HBV coinfection are also asso-

ciated with increased DILI risk. Similarly, the study by 

Saha et al. reported a prevalence of DILI at 9.48%, 

but without any associated risk factors.
13

The correlation analysis revealed a moderate pos-

itive correlation between ALT levels and the grades of 

hepatotoxicity (r = 0.56, p < 0.0001), and a strong pos-

itive correlation between total bilirubin levels and the 

grades of hepatotoxicity (r = 0.67, p < 0.0001). These 

significant correlations indicate that both ALT and total 

bilirubin are valuable markers for assessing the severity 

of hepatotoxicity in TB patients receiving ATT.

The therapeutic approach to managing drug-in-

duced liver injury is quite challenging. Current recom-

mendations suggest withholding anti-TB drugs until liver 

function normalizes. The American Thoracic Society 

advises starting a new treatment regimen once liver 

enzyme levels are below twice the upper limit of normal. 

The reintroduction of hepatotoxic ATT drugs must be 

carefully balanced against their benefits, necessitating 

thorough supervision and close monitoring. Baseline 

laboratory testing and ongoing monitoring should be 

ensured throughout the ATT treatment process.
19–21

In managing hepatotoxicity, the majority of patients 

(87.2%) did not need to discontinue their treatment and 

were given symptomatic treatment for their adverse 

drug reactions. However, for the 16 subjects (12.8%) 

who developed severe adverse effects, ATT was dis-

continued and they later were rechallenged with the 

previous regimen once liver enzymes returned to nor-

mal levels, highlighting the necessity for individualized 

treatment strategies and close monitoring to mitigate 

adverse effects while maintaining therapeutic efficacy.

These findings highlight the critical need for regu-

lar monitoring of liver function tests, including ALT and 

total bilirubin, in TB patients undergoing ATT to detect 

and manage hepatotoxicity promptly. Additionally, the 

identification of risk factors such as comorbidities and 

specific clinical symptoms can aid in early interven-

tion and tailored treatment plans to improve patient 

outcomes.

Conclusions

The incidence of hepatotoxicity is relatively high 

among TB patients taking first-line anti-TB drugs. 

The high incidence of ATT drug-induced liver injury 

emphasizes the public health importance of this 

side effect. The results emphasize the importance of 

acquired risk factors in the development of DILI and 

require careful monitoring in the first 2 months. 

Thus, the liver function of patients should be regu-

larly monitored to reduce the severity of drug-induced 

hepatotoxicity, possibly shortening treatment interrup-

tion and reducing mortality.

The combination of risk factors of extensive TB dis-

ease, HIV infection, chronic liver disease, and under 

nutrition increases the vulnerability to DILI, particularly 

with daily treatment regimen, emphasizing the role of 

acquired risk factors in the development of DILI. 
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