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Background: Tuberculosis caused by susceptible mycobacterium tuberculosis strains is 
effectively treated by the first-line anti-tuberculosis drugs. However, most antibacterial 
drugs are known to induce hepatotoxicity which may limit their adherence and hence lead 
to the development of mycobacterial drug resistance.
Objective: The aim of this study was to assess the incidence of anti-tuberculosis drug 
induced hepatotoxicity and associated factors among tuberculosis patients of Debre Markos, 
Mota, and Bichena Hospitals.
Methods: The prospective cross sectional-study was conducted in three hospitals of 
East Gojjam zone by taking blood samples of new tuberculosis patients every 2 weeks 
for 2 months to measure the elevation of liver proteins indicating liver toxicity from the 
onset of starting therapy. A semi-structured questionnaire was also used to collect the 
socio-demographic data and factors of anti-tubeculosis drug induced liver toxicity. To 
identify factors associated with drug induced hepatotoxicity, binary logistic regression 
followed by multivariate analysis was applied at a statistically significant level of 
P<0.05.
Results: The incidence of hepatotoxicity among tuberculosis patients is 7.9%. Diagnosis of 
extrapulmonary tuberculosis, having comorbid disease, and old age are significantly asso-
ciated (P<0.05) with first-line antituberculosis drugs induced hepatotoxicity.
Conclusion: The incidence of hepatotoxicity is relatively high among tuberculosis patients 
taking first-line anti-tuberculosis drugs. Therefore, the liver function of patients with old age, 
comorbid diseases, and extrapulmonary tuberculosis should be regularly monitored to reduce 
the severity of drug-induced hepatotoxicity.
Keywords: anti-tuberculosis drugs, hepatotoxicity, tuberculosis

Introduction
Tuberculosis (TB) is a chronic bacterial infection caused by Mycobacterium tuber-
culosis complex, most commonly by Mycobacterium tuberculosis, and is usually 
characterized pathologically by the formation of granulomas. The most common 
site of infection is the lung, but other organs may be involved1 including the kidney, 
spine, and brain, skin, etc.2,3

The cornerstone of TB management is a 6-month course of using anti-TB drugs 
where isoniazid, rifampicin, pyrazinamide, and ethambutol are taken for 2 months 
in the intensive phase followed by a fourth month use of isoniazid and rifampicin in 
the continuous phase of managing protocols of the disease. Compliance is crucial 
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for curing TB. Adverse effects often negatively affect the 
compliance, because they frequently require a change of 
treatment, which may have negative consequences for 
treatment outcome. One of the adverse effects affecting 
TB treatment outcome is anti-TB drug induced 
hepatotoxicity.4

Hepatotoxicity is usually presented and diagnosed 
with jaundice or a high concentration of liver function 
marker proteins like aspartate aminotransferase (AST)/ 
alanine aminotransferase (ALT), alkaline phosphatase 
(APT), or total bilirubin. Treatment should be inter-
rupted and, generally, a modified or alternative regimen 
should be used for those with ALT elevation more than 
three times the upper limit of normal (ULN) in the 
presence of hepatitis symptoms and/or jaundice, or five 
times the ULN in the absence of symptoms. An increase 
in serum ALT is more specific for hepatocellular injury 
than an increase in AST which can also signify abnorm-
alities in muscle, heart, or kidney.5

Among the first-line anti-TB drugs, isoniazid, rifam-
picin, and pyrazinamide are known to cause hepatotoxi-
city, but pyrazinamide attribute to a higher percentage 
for the drug induced liver toxicity compared to the other 
drugs.6,7 The treatment regimen of tuberculosis can be 
tailored on patient’s needs, mycobacterial tuberculosis 
resistance pattern, and location of the disease.8 Even 
though the first-line anti-TB drugs are effective, their 
liver toxicity may lead to drug interruption; which can 
in turn be the cause for the development of Multidrug 
Resistant Tuberculosis (MDR-TB). The simultaneous 
use of a number of drugs for a prolonged period of 
time, for the treatment of TB, further complicates the 
drug-induced toxicity problem.9 This adverse effect of 
anti-TB drugs is associated with the mortality of 6–12% 
patients with TB. Therefore, the purpose of this study 
was to assess the magnitude of hepatotoxicity induced 
by anti-TB drugs and its associated factors among newly 
diagnosed TB patients at selected health facilities of 
Ethiopia.

Methods
Study Design, Period, and Settings
A cross-sectional prospective study was conducted from 
December 2017 to June 2019 in hospitals of Debre 
Markos, Mota and Bichena Hospitals.

Study Population
All patients who were newly-diagnosed for TB and 
became positive for the first time and started anti-TB 
medication from December 2017 to June 2019 in the 
study areas will be included in the study.

Exclusion Criteria
Patients taking antiretroviral therapy (ART) were excluded 
from the study. In addition, patients who had baseline ALT 
and AST values greater than two times the ULN (ie, 
ULN>40 U/L and 37 U/L, respectively) were excluded. 
Moreover, those patients who become positive for 
Hepatitis C and/or B virus at the baseline test were also 
excluded from the study.

Sample Size and Sampling Techniques
The sample size was determined based on the previous 
prevalence result studied in Addis Ababa, Ethiopia10 at 
a significant level of 0.05 and 216 patents were taken 
proportionally from each hospital. Then, eligible can-
didates were selected by convenient sampling 
technique.

Data Collection Procedure
Socio-demographic data was collected from each parti-
cipant using a semi-structured interviewer administered 
questionnaire. After completion of the interview, all 
respondents who gave verbal consent for biochemical 
tests were appointed in the early morning before start-
ing the treatment regimen. Then, 3 mL of blood sample 
was collected after cleaning the cubital area by 70% 
ethanol by laboratory technologists. Blood 
samples from each patient were collected every 2 
weeks after starting treatment in the intensive phase 
or in the first 2 months of managing protocols of TB. 
Therefore, each patient gave five samples of blood in 
the first 2 months of monitoring the TB, including the 
baseline blood sample. After collection, each blood 
sample was transferred into a serum separator tube 
and subjected to centrifuge to separate serum. Then, 
biochemical analysis of AST, ALT, APT, direct biliru-
bin, and total bilirubin was done using an automated 
spectrophotometric analyzer.

The anti-TB drugs regimen of each case was interrupted 
when the laboratory level of ALT and AST was found to be 
more than three times the upper limit of normal (ULN) in the 
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presence of hepatitis symptoms and/or jaundice, or five 
times the ULN in the absence or presence of symptoms. 
The normal maximum values of ALT and AST were 40 U/L 
and 37 U/L, respectively, which were the same cut-off point 
for both men and women.

After 2 weeks of the rehabilitation period, their liver 
function was tested and ALT and/or AST level has been 
found to be less than three times ULN without the manifes-
tations of hepatotoxicity. These had led the authors to 
believe that the hepatotoxicity developed by the cases was 
considered to be caused by the first-line anti-TB drugs.

The developed hepatotoxicity was categorized into dif-
ferent grades based on the WHO grading system using 
ALT and/or AST levels.4

The treatment plan was decided by the respective 
physicians of each patient developing hepatotoxicity 
based on the laboratory findings of the blood biochem-
ical liver function test and the manifestations com-
plained by individual patient. Then, the treatment 
option of TB made by the physician for each patient 
developing hepatotoxicity was collected from the TB 
patients’ registration book.

Statistical Analysis
Data was entered in Epi Info and analyzed with SPSS, version 
20. The descriptive frequency of variables was determined 
using SPSS. A binary logistic regression model was used to 
see the association between each independent variable and the 
dependent variable. All variables with a P-value≤0.25 in the 
bivariable logistic regression analysis were entered into 
a multivariable logistic regression model for controlling con-
founders, further analysis, and to identify variables having 
a significant association with the dependent variable. 
An adjusted odds ratio with 95% confidence interval was 
used to determine the strength of association between depen-
dent and independent variables both in the case of bivariable 
and multivariable logistic regression analyses. Variables hav-
ing a P-value<0.05 in the multivariable logistic regression 
model were considered as significantly associated variables.

Operational Definitions
● Smoking cigarette: History of smoking practice by 

the patients before and after starting the ant-TB 
medications.

● Social drug use: The practice of using khat, mari-
juana, coffee, and tea.

● Alcohol use: Any practice of consuming alcohol by 
TB patients.

● Concomitant drug use: The use of other drugs for the 
treatment of concomitant disease at the time of using 
the anti-TB drugs.

Results
Socio-Demographic and Behavioral 
Factors
The majority of the TB patients taking anti-TB first-line drugs, 
153 (70.8% belonged to the age range of 18–49 years. More 
than two-thirds of the study participants (69%) were married 
and 13% were single in marital status. Female study partici-
pants (118, 54.6%) were greater as compared to the male ones. 
Among the TB patients participated in the study, around two 
thirds of the study populations used alcohol (59.3%) and coffee 
(69.4%) (Table 1).

Table 1 Socio-Demographic and Behavioral Characteristics of 
TB Patients (n=216) Taking First-Line Anti-TB Drugs at Three 
Public Hospitals of East Gojjam Zone from 2017–2019

Variables Categories Frequency Percentage

Age in years 18–49 153 70.8
50–64 54 25.0

≥65 9 4.2

Sex Male 98 45.4
Female 118 54.6

Residence Urban 97 44.9
Rural 119 55.1

Marital Status Single 28 13.0
Married 149 69.0

Divorced 27 12.5

Widowed 12 5.6

Educational 

Status

Unable to read and 

write

41 19.0

Read and write 37 17.1

Primary School 22 10.2

Secondary School 95 44.0
College diploma 14 6.5

University degree 

and above

7 3.2

Smoking 

Cigarette

Yes 10 4.6
No 206 95.4

Social drug use No 45 20.8
Coffee 150 69.4

Tea 21 9.7

Alcohol use Yes 128 59.3

No 88 40.7

Hepatic Medicine: Evidence and Research 2021:13                                                                      submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                            
3

Dovepress                                                                                                                                                            Molla et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Clinical Features of Participants 
Developing Hepatotoxicity
Among TB patients starting first-line anti-TB drugs, 17 
(7.9%) developed hepatotoxicity. Patients with extrapul-
monary TB (n=14), comorbidity with HIV/AIDS (n=11), 
and low BMI (n=13) had developed anti-TB drug induced 
hepatotoxicity (Table 2).

Antituberculosis Drug Induced 
Hepatotoxicity Characteristics of the 
Cases
The majority of the cases developing hepatotoxicity were 
females. Twelve of the 17 cases had developed hepato-
toxicity in the first months of intensive phases of treat-
ment, whereas others had developed hepatotoxicity in 
the second months of the initiation phases of the full regi-
men. All of the cases manifested at least one of the major 
symptoms of hepatotoxicity. The level of hepatotoxicity 
was measured using the plasma level of AST and/or ALT 
with the sign and symptoms observed or complained by 
the individual participants developing hepatotoxicity. 
Based on the WHO hepatotoxicity grading system,4 more 
than half of the cases had developed grade three level of 
hepatotoxicity (Table 3).

Symptoms and Managements of 
Hepatotoxicity Provided
As presented in Table 4, all of the TB patients developing 
hepatotoxicity had complained of nausea and/or vomiting. 

Table 2 Clinical Factors of TB Patients (n=216) Taking First-Line 
Anti-TB Drugs at Three Public Hospitals of East Gojjam Zone, 
2017–2019

Variables Category Hepatotoxicity Total

Yes No

Extent of TB Pulmonary TB 3 149 156
Extrapulmonary 
TB

14 50 60

Comorbidity HIV/AIDS 11 26 37
Hypertension 0 6 6

Diabetic mellitus 0 13 13

Kidney disease 0 8 8
No 6 146 152

BMI <18.5 13 44 56
18.5–24.9 4 133 138

25–29.9 0 21 21
≥30 0 1 1

Concomitant drug 
use

Yes 2 24 26
No 15 175 190

Table 3 Description of Drug Induced Hepatotoxicity Among Cases (n=17) Taking First-Line Anti-TB Drugs at Three Public Hospitals 
of East Gojjam Zone, 2017–2019

Cases Sex Age Time 
(Weeks)

Symptoms Peak ALT and/or 
AST (U/L)

Peak Total 
Bilirubin (mg/dL)

Grades of Hepatotoxicity/Based 
on ALT/AST Level/

1 Female 42 2nd Yes 300 1.9 3
2 Female 45 2nd Yes 297 2 3

3 Male 50 2nd Yes 245 1.1 3

4 Female 55 6th Yes 402 1.9 4
5 Male 57 8th Yes 489 2 4

6 Male 65 4th Yes 455 2 4

7 Female 79 4th Yes 475 1.8 4
8 Female 60 8th Yes 456 2 4

9 Female 67 2nd Yes 432 1.9 4

10 Male 42 6th Yes 412 1.7 4
11 Female 65 2nd Yes 319 3 3

12 Female 55 2nd Yes 130 1.2 2

13 Female 18 6th Yes 320 1.1 3
14 Male 27 4th No 256 2 3

15 Male 31 2nd Yes 355 1.5 3

16 Female 32 2nd Yes 185 1.3 2
17 Male 44 2nd No 284 1.8 3

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                  

Hepatic Medicine: Evidence and Research 2021:13 4

Molla et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


In addition, nearly half (8 (47.10%)) of the hepatotoxicity 
developed cases had complained of malaise.

Based on the severity of hepatotoxicity developed, 17 
cases were managed similarly where the regimen was discon-
tinued for 2 weeks of rehabilitation purpose. Then, the initial 
regimen of each cases was re-initiated without changing the 
types or doses of anti-TB drugs after checking the level of the 
AST/ALT of each case with strict follow-up (Table 4).

Univariate and Multivariate Analysis of 
Risk Factors Associated with the 
Development of Hepatotoxicity
Extrapulmonary TB, having a comorbid condition, alcohol 
consumption, and being geriatrics (≥65 years old) were found 
to be associated with increased risk of developing anti-TB 
drugs induced hepatotoxicity on bivariate logistic regression 
analyses. However, on multivariable logistic regression ana-
lyses, extra TB, old age, and having comorbid condition were 

found to be significant predictors (P<0.05) in the develop-
ment of anti-TB drugs induced hepatotoxicity (Table 5).

The likelihood of developing hepatotoxicity to anti-TB 
drugs was 0.85 times (AOR=0.077; 95% CI=0.008–0.74) 
lower in patients aged 18–49 years old compared to those 
aged 65 or above.

Patients with pulmonary TB had 0.26 (AOR=0.74; 
95% CI=0.015–0.36) times lower risk of developing hepa-
totoxicity to anti-TB drugs compared to those with extra-
pulmonary TB. Patients who had a comorbid medical 
condition were 12.9-times (AOR=12.9; 95% CI=2.45– 
67.60) more likely to experience hepatotoxicity compared 
to nurses who had no comorbidity (Table 5).

Discussion
The incidence of first-line anti-TB induced hepatotoxicity in 
the present study was found to be 8.9%, comparable to a study 
conducted in Malaysia (9.7%).6 In addition, the incidence of 
hepatotoxicity in the present study was comparable to those 
reported by a study conducted in Dawro zone, Ethiopia 
(8.1%).11 However, the finding of this study was slightly higher 
than the report in Iran (5.5%).12 In addition, the anti-TB 
induced hepatotoxicity of the present study was lower than 
studies conducted in Pakistan (13%), Spain (12%) Florida 
(16.4%), and Morocco (24.6%).9,–13–15 The reason for the 
discrepancy in the incidence of hepatotoxicity among newly 
diagnosed TB patients in different literatures might be related 
to the differences in the lifestyle, nutrition status, comorbid 
condition, genetic make-up, and use of different drugs, in 
addition to the anti-TB first-line drugs.12,15,16

The anti-TB drugs induced hepatotoxicity of the cases 
happened in times ranging from 8–56 days of starting the 

Table 4 Symptoms and Managements Given to the Cases (n=17) 
Taking First-Line Anti-TB Drugs at Three Public Hospitals of East 
Gojjam Zone, 2017–2019

Items N(%)

Symptoms Nausea and vomiting 17 (100)
Abdominal pain 2 (11.76)

Malaise 8 (47.10)

Jaundice 5 (29.41)

Management Discontinued and rechallenged with the 

previous full regimen

17 (100)

Discontinued and rechallenged with the 

safest individual drug regimen

0 (0)

Table 5 Univariate and Multivariate Analysis of Risk Factors Associated with the Development of Hepatotoxicity Among TB Patients 
at Three Public Hospitals of East Gojjam Zone, 2017–2019

Variables Category Hepatotoxicity Bivariate Analysis Multivariate Analysis

Yes No COR P-value AOR P-value 95% CI

Age 18–49 8 145 14.5 0.000 0.077 0.026 (0.008–0.74)
50–64 5 49 7.84 0.012 0.17 0.151 (0.015–1.91)

≥65 4 5 1 1 1 1

Diagnosis of TB Pulmonary 3 149 13.9 0.000 0.74 0.001 (0.015–0.36)
Extrapulmonary 14 50 1 1 1 1

Alcohol Yes 15 113 0.18 0.023 2.8 0.23 (0.53–15.12)
No 2 86 1 1 1 1

Comorbidity Yes 15 53 20.67 0.000 12.9 0.003 (2.45–67.60)
No 2 146 1 1 1 1
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intensive phases of TB treatment. Similar to the finding of this 
study, the onset of developing drug induced hepatotoxicity 
conducted in Dawro zone, Ethiopia was ranging from 13–58 
days of starting the first-line treatment.11 However, according 
to the study done in Morocco, the onset of anti-TB drug 
induced hepatotoxicity was not in line with the present study 
which was reported as 10–25 days.15 In addition, the duration 
of developing hepatotoxicity in a study conducted in Egypt 
was not concordant with the present study.17 Generally, even 
though the days of developing hepatotoxicity among cases of 
different studies is different, the patients developed hepatotoxi-
city in the intensive phases of the TB treating protocol where 
adaptive mechanisms of the liver are not developed against TB 
drugs. In line with the study conducted in Egypt,17 in the 
present study, the liver function of the patients developing 
hepatotoxicity became normal after 2 weeks of cessation of 
therapy.

In the present study, the patients who developed hepato-
toxicity to first-line TB therapy were subjected and decided to 
management of their hepatotoxicity as the ALT/AST level was 
raised to at least three times ULN and manifested the sign 
symptoms of hepatotoxicity.5 The patients developing hepa-
toxicity were managed following the advice of the 
International Union against TB and Lung Disease and 
WHO.16 Accordingly, patients developing hepatotoxicity 
were allowed to stop taking their treatment regimen for 2 
weeks until their liver function became normal. Then, after 
normalization of the liver function, the TB of the cases was 
managed by giving the same dosage and types of the first-line 
drugs simultaneously without modification. In spite of this 
protocol, on follow-up, there was no recurrence of drug 
induced hepatotoxicity among all the cases managed. 
However, this management of TB among patients developing 
hepatotoxicity is against the American and British thoracic 
societies’ guidelines and/or management principles where the 
anti-TB drugs is reinitiated consecutively starting from the 
safest drugs.5,18 Generally, the application of rechallenging 
anti-TB drugs for liver injured patients simultaneously or con-
secutively should consider the benefit risk condition of treating 
TB for the community, reducing the, emergence of multidrug 
resistant TB and the health condition of the individual patient.

In this study having extra pulmonary TB, old age and 
having comorbidity were found to be significant predictors 
in the development of anti-TB drugs induced hepatotoxi-
city on multivariable logistic regression analyses.

The likelihood of developing hepatotoxicity to anti-TB 
drugs was 0.85-times lower in patients aged from 18–49 
years old compared to those aged 65 or above. This finding is 

supported by studies done in southeast Iran,12 Canada,19 and 
Spain.14 No association was reported between age- and drug- 
induced hepatotoxicity in many studies.11,14,20 Higher inci-
dence of drug-induced hepatotoxicity in older age may be 
due to the presence of co-morbid diseases and use of additional 
drugs to treat these comorbidities in the older age group.

Patients with pulmonary TB had 0.26-times lower risk of 
developing hepatotoxicity to anti-TB drugs compared to 
those with extrapulmonary TB. Extrapulmonary organ 
involvement was reported to be associated with the inci-
dence of anti-TB drug induced hepatotoxicity in studies 
done in a Nepalese population21 and India.22,23 The 
increased incidence of anti-TB drug induced hepatotoxicity 
in patients with extra pulmonary TB may be attributed to the 
fact that extrapulmonary TB indicates the severe form of the 
disease and the liver may be one of the organs affected.

Patients who had a comorbid medical condition were 
12.9-times more likely to experience hepatotoxicity com-
pared to TB patients who had no comorbidity. This finding 
is supported by different studies.24–26 This may be attrib-
uted to the use of concomitant drugs for comorbid condi-
tion and decreased metabolism and excretion of drugs in 
patients with comorbid medical conditions.

Alcohol consumption is a well-established risk factor for 
anti-TB drug-induced hepatotoxicity, as shown in studies done 
at Dawro zone,11 southeastIran,12 and a Nepalese population.21 

In our study, however, the is no significant association between 
alcohol consumption and drug-induced hepatotoxicity in mul-
tivariate analysis. This might be due to the difference in the 
levels of alcohol consumption among study populations of the 
different studies in different countries.

Limitation of the Study
The present study was not able to assess the occurrence or 
the reoccurrence of hepatotoxicity in the continuous 
phases of treatment of TB because of the shortage of 
time and withdrawal of participants from the study.

Conclusions
The incidence of hepatotoxicity is relatively high among 
TB patients taking first-line anti-TB drugs. Thus, the liver 
function of patients with old age, comorbid diseases, and 
extrapulmonary TB should be regularly monitored to 
reduce the severity of drug-induced hepatotoxicity.

Data Sharing Statement
The data is available in the public library of Debre Markos 
University.
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Research Ethics Review Committee of College of Health 
science, Debre Markos University. An official letter was 
written to the study setting including Debre Markos, Mota, 
and Bichena Hospitals to address the administrative issues. 
This study was conducted in accordance with the 
Declaration of Helsinki ethical principles,27 where verbal 
consent was taken from each participant. First the prepared 
verbal consent was reviewed and approved by the 
Institutional Research Ethics Review Committee of 
College of Health science, Debre Markos University. 
Then, the study participants were asked verbally whether 
they are willing to participate or not in the study by 
explaining its purpose and confidentiality. The general 
purpose of the research was explained with the local 
language, Amharic, to the participants before starting the 
data and blood sample collection. For confidentiality rea-
sons, the participant's name was not included in the con-
sent form; instead a code was used for identification 
purposes. Each participant was informed about his/her 
right of withdrawing from the study without restriction 
whenever necessary. The verbally obtained informed con-
sent was documented as that of the individual data collec-
tion questionnaire because it was filled out as “Yes” or 
“No” alternatives by the interviewer.
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