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ABSTRACT 
Introduction: Combination therapy with four drugs (isoniazid, rifampicin, pyrazinamid and ethambutol) is the treatment of choice in tuberculosis but hepatotoxicity 
due to these drugs is an important medical concern. Therefore identification of patient groups with increased risk for antituberculosis therapy induced hepatotoxicity 
is crucial. 
Objective: To assess the rate of hepototoxicity due to antituberculosis drugs and to determine factors associated with hepatotoxicity in hospitalized tuberculosis 
patients. 
Methods: This retrospective cohort study included hospitalized patients with the diagnosis of tuberculosis during a ten year period. Only patients with microbiological 
(culture positive) or histopathological (presence of granulomatous reaction with caseification necrosis in the tissue) evidence of tuberculosis infection were included. 
Incidence of hepatotoxicity and the association of hepatotoxicity with known and unknown risk factors were investigated.  
Results: Sixty four patients (33 female-31 male; median age 48.0 years) were included into the study. Most of the patients had extrapulmonary tuberculosis (n=49). 
Antituberculosis therapy was started with four drugs in all patients and 7 patients developed hepatotoxicity. Age, gender, previous tuberculosis history, extent of 
tuberculosis, positive hepatitis B virus serology, diabetes mellitus and chronic renal insufficiency were not related with the development of hepatotoxicity. The presence 
of rheumatologic disease and chronic corticosteroid use was associated with increased risk of hepatotoxicity (p<0.01 and p=0.01, respectively). 
Conclusion: In this study we found that patients with rheumatologic diseases and patients on chronic corticosteroid treatment had increased risk for hepatotoxicity 
during antituberculosis therapy. These patients should be closely monitored for hepatotoxicity especially during the initial treatment phase. 
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INTRODUCTION 

Mycobacterium tuberculosis (M. tuberculosis) infection is 
still a major health problem throughout the world. Nine million 
people develop active disease attributable to M. tuberculosis 
infection annually, and one third of the world’s population, 
approximately 2 billion people, are thought to be latently 
infected with M. tuberculosis (1). Isoniazid, rifampicin, 
ethambutol pyrazinamide and streptomycin are first line 
antituberculosis drugs and are commonly used in combination. 
Hepatotoxicity is one of the major drawbacks of the 
combination therapy which is observed approximately in 5 to 
33% of patients (2). Isoniazid and pyraziamide are hepatotoxic 
agents by themselves and rifampicin, a potent enzyme inducer, 
may enhance isoniazid induced hepatotoxicity (2). 
Antituberculosis therapy induced hepatotoxicity can range from 
asymptomatic increase in liver enzymes to severe hepatic 
failure requiring liver transplantation. Moderate to severe 
hepatotoxicity may lead to discontinuation of therapy, which 
may cause treatment failure, relapse or drug resistance. 
Identification of patient groups who are at an increased risk for 
antituberculosis therapy induced hepatotoxicity is important as 
hepatoxicity causes additional burden on morbidity and 
mortality of tuberculosis infection. Previously reported risk 
factors for hepatotoxicity are older age, female gender, 
malnutrition, low albumin level, chronic alcohol abuse, pre-
existent liver disease, human immunodeficiency virus (HIV) 
infection and the presence of genetic factors such as slow N-
acetyltransferase activity, cytocrome P450 2E1 homozygosity 
and glutathione S-transferase homozygosity (3). In this study 
our aim was to determine additional risk factors that might 

predispose antituberculosis drug induced hepatoxicity in 
hospitalized patients. 

MATERIAL AND METHODS 

Patients 

The study was conducted in a tertiary reference center and 
was approved by local ethics committee. We retrospectively 
identified patients with a diagnosis of tuberculosis over a period 
of ten years (August 1997-November 2007) from a prospectively 
collected database to which all patients with tuberculosis are 
recorded. Only patients with microbiological (culture positivity) 
or histopathological (presence of granulomatous reaction with 
caseification necrosis in the tissue) evidence of tuberculosis 
infection were included into the study. Patients with a diagnosis 
of tuberculosis solely done by clinical judgement, pre-existing 
liver disease, and positive serology for HIV were excluded from 
the study. Demographic, clinical and laboratory characteristics 
were collected from hospital records. Laboratory values for 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), gamma-glutamyl transpeptidase (GGT), alkaline 
phosphatase (ALP), total and direct bilirubin before and during 
treatment were recorded. Patients were stratified into two 
groups according to presence or absence of hepatotoxicity after 
the initiation of antituberculosis treatment. Antituberculosis 
therapy related hepatotoxicity was defined as normalization of 
liver enzymes and resolution of signs and symptoms of 
hepatotoxicity after withdrawal of antituberculosis drugs and 
the presence of at least one of the following criteria during use 
of antituberculosis therapy: i.) elevation of ALT and/or AST >3 
times the upper limit of normal in the presence of 
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hepatotoxicity symptoms (anorexia, nausea-vomitting, 
jaundice); ii.) elevation of ALT and/or AST >5 times the upper 
limit of normal irrespective of clinical findings associated with 
hepatotoxicity; or iii.) elevation of bilirubin level to at least 
2mg/dL (2). Transaminase index (highest transaminase 
level/pretreatment transaminase level) for the first month was 
calculated in patients who developed hepatotoxicity (4, 5). 

Antituberculosis Drug Regimen 

The usual treatment was initiated according to national 
tuberculosis program in all patients (6). Patients received first 
line antituberculosis drugs and doses were as follows: isoniazid 
5mg/kg/day with a maximum dose of 300mg/day, rifampicin 
10mg/kg/day with a maximum dose of 600mg/day, ethambutol 
15mg/kg/day with a maximum dose of 1500mg/day and 
pyrazinamide 25-30mg/kg/day with a maximum dose of 
2000mg/day. Initial treatment was the combination of these 4 
drugs for two months followed by isoniazid and rifampicin 
combination for 4 to 10 months according to extent of the 
disease. All patients also received prophylactic vitamin B6 
(pyridoxine) during treatment phase. 

Statistical Analysis  

All numerical variables are expressed as mean±standart 
deviation (SD) or median (inter-quartile range, IQR). Continuous 
variables were compared by Mann-Whitney U test and 
categorical variables were compared by Chi-square test. A two-
tailed p value of ≤0.05 was considered significant. All statistical 
analyses were performed using Statistical Package for Social 
Sciences (SPSS) version 14.0. 

RESULTS 

We identified a total of 156 hospitalized patients that 
fulfilled the inclusion criteria. Ninety-two patients were 
excluded as they were discharged just after treatment or lost 
to follow-up. The remaining 64 hospitalized patients comprised 
the study population. The demographic and clinical 

characteristics of patients are summarized in Table 1. Four 
patients had positive hepatitis B serology. None of the patients 
had positive serology for hepatitis C or history of chronic alcohol 
abuse. After antituberculosis therapy, one patient had 
erythematous skin rash but this resolved during treatment. No 
patient had any ototoxic or neurotoxic side effect.  

Antituberculosis drug induced hepatotoxicity was detected 
in seven patients (10.9%) within a median of 12.0 (IQR: 11.0-
33.0) days after initiation of therapy. Levels of transaminases 
in the beginning and in the first month of therapy is presented 
in Table 2 and the distribution of transaminase index is 
presented in Table 3. Bivariate analysis showed presence of 
rheumatologic disease and chronic corticosteroid use to be 
associated with development of hepatotoxicity (p<0.01 and 
p=0.01, respectively; Table 4). The types of rheumatologic 
diseases were rheumatoid arthritis (n=2) and sarcoidosis (n=1). 
The disease was active in both rheumatoid arthritis patients and 
they were receiving tumor necrosis factor (TNF) blocker 
therapy in addition to other disease modifying agents (one 
patient receiving infliximab-methylprednisolone and the other 
receiving etanercept-methylprednisolone-sulfasalazine-
leflunomide-auranofin therapy). None of the patients with 
rheumatoid arthritis were on isoniazid prophylaxis. As 
sarcoidosis can be misdiagnosed in tuberculosis cases, medical 
records of the patient with sarcoidosis were reviewed in detail 
which showed that the diagnosis of sarcoidosis was confirmed 
pathologically from mediastinal lymph nodes that were 
obtained with open thoracotomy 6 years prior to diagnosis of 
tuberculosis. Out of 64 patients, 6 were on chronic 
corticosteroid treatment for different causes (three for 
rheumotologic diseases, one for suspected sarcoidosis, one for 
adrenal insufficiency and one for glomerulonephritis); three of 
these patients developed hepatotoxicity. 

The duration of hospitalization, as expected, was 
significantly longer in patients with hepatotoxicity (Table 4). 
All patients were reintroduced to antituberculosis therapy after 

Table 1: Demographic and clinical characteristics of study 
population (n=64) 

Age (years) 48.0 (36.3-61.8) 
Female  33 (51.6) 
Localization of tuberculosis infection  
         Pulmonary 

Extrapulmonary 

 
15 (23.4) 
49 (76.6) 

Tuberculosis diagnosis 
         Microbiological 
         Histopathological 
         Microbiological and histopathological 

 
15 (23.4) 
34 (53.1) 
15 (23.4) 

Previous tuberculosis history 9 (14.1) 
Chronic corticosteroid use 6 (9.4) 
Symptoms on admission 
Fever  
Cough 
Fatigue 
Night sweating 
Anorexia-weight loss 
Sputum production 
Hemoptysis 

 
39 (60.9) 
36 (56.3) 
32 (50.0) 
29 (45.3) 
28 (43.8) 
20 (31.3) 
9 (14.1) 

Comorbidities 
Chronic renal failure 
Diabetes mellitus 
Heart failure 
Malignancy 
Rheumatologic disease 
Hepatitis B virus (+) serology 
Other  

 
11 (17.2) 
8 (12.5) 
5 (7.8) 
5 (7.8) 
3 (4.7) 
4 (6.3) 
4 (6.3) 

Baseline laboratory values 
          White cell count (x106/μl) 
          Erythrocyte sedimentation rate (mm/hour) 
          Alanine aminotransferase (U/l) 
          Aspartate aminotransferase (U/l) 
          Total bilirubin (mg/dl) 
          Gamma glutamyltranspeptidase (U/l) 
          Alkaline phosphatase (U/l) 

 
8.0 (6.5-10.8) 
73 (36-107) 
22.0 (11.0-31.0) 
23.0 (16.0-35.0) 
0.5 (0.4-0.7) 
38.0 (16.8-67.0) 
181.5(100.8-285.0) 

Hepatotoxicity 7 (10.9) 
Time to hepatotoxicity (days) 12.0 (11.0-33.0) 
Time from diagnosis to hospital discharge (days)  16.0 (7.0-36.0)  
Length of hospitalization (days) 23.0 (11.3-34.0) 

n: number, μl: microliter, U/l: units per liter, mm/hour: millimeter per hour, 
m/dl: milligram per deciliter. 

Table 2: Transaminase (U/l) and bilirubin (mg/dl) levels 
 Patients with 

hepatotoxicity 
n=7 

Patients without 
hepatotoxicity 

n=57 
ALT0  20.0 (17.0-59.0) 22.0 (10.2-26.5) 
ALT1 108.0 (72.0-345.0) 20.0 (14.5-33.0) 
AST0 36.0 (19.0-38.0) 21.0 (16.0-33.0) 
AST1 80.5 (34.0-185.0) 25.0 (19.0-37.0) 
Total bilirubin0 0.5 (0.4-0.7) 0.5 (0.4-0.7) 
Total bilirubin1 0.6 (0.6-4.4) 0.4 (0.3-0.8) 

ALT0, AST0, Total bilirubin0: Levels at the beginning of the therapy  
ALT1, AST1, Total bilirubin1: Level at the end of the first month of the therapy 

Table 3: Distribution of transaminase index in patients with 
hepatotoxicity (n=7) 

Transaminase index n 
1-5 3 
6-10 2 
>10 2 

 

Table 4: Possible risk factors for antituberculosis therapy 
induced hepatotoxicity on bivariate analysis 

 Hepatotoxicity P 
value No (n=57) Yes (n=7) 

Age 48.0 (36.5-61.0) 54.0 (31.0-74.0) 0.53 
Female  29 (50.9) 4 (57.1) 1.00 
Localization of tuberculosis infection  
          Pulmonary 

Extrapulmonary 

 
13 (22.8) 
44 (77.2) 

 
2 (28.6) 
5 (71.4) 

 
0.06 

Previous tuberculosis history 9 (15.8) 0 0.30 
Chronic corticosteroid use 3 (5.3) 3 (42.9) 0.01 
Chronic renal insufficiency 11 (19.3) 0 0.37 
Diabetes mellitus  6(10.5) 2 (28.6) 0.36 
Heart failure 4 (7.0) 1(14.3) 0.71 
Malignancy 5 (8.8) 0 0,62 
Hepatitis B virus (+) serology 4 (7.0) 0 0.58 
Rheumatologic disease 0 3 (42.9) <0.01 
Time from diagnosis to hospital 
discharge (days) 

14.0 (7.0-30.5) 47.0 (43.0-49.0) 0.02 

Length of hospitalization  16.0 (9.5-32.5) 37.0 (26.0-56.0) 0.02 
n= number, Categorical variables are expressed as number (%) and continuous 
variables are expressed as median (interquartile range). A p value of <0.05 was 
considered significant 
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liver enzymes levels returned to normal levels. In two patients 
hepatotoxicity recurred and antituberculosis drug regimen was 
changed according to national guidelines. Patients 
transaminase levels for the first six months of therapy is 
presented in Figure 1. 

DISCUSSION 

Combination therapy with antituberculosis drugs is proven 
to be a very effective treatment modality for active 
tuberculosis infection. However, combination of these drugs 
may cause serious side effects, including hepatotoxicity. Severe 
hepatotoxicity is a major concern in therapeutic effectiveness 
as it may lead to interruption of therapy. Other important issues 
related with hepatotoxicity are the need for alternative drug 
regimens, increased length of hospitalization and cost. Because 
of these reasons, patient groups at increased risk for 
antituberculosis drug induced hepatotoxicity should be 
identified.  

In the present study, we found the presence of 
rheumatologic disease and chronic corticosteroid use to be 
associated with antituberculosis therapy related 
hepatotoxicity. All of these patients’ liver function tests were 
within normal range at the beginning of antituberculosis 
therapy and two rheumatoid arthritis patients were on therapy 
with TNF blockers. Patients with active rheumatologic disease 
are usually on disease modifying and/or TNF blocker treatment 
and liver injury has been documented with this treatment 
modality (7, 8). Adding a second group of hepatotoxic drug 
regimen, such as antituberculosis therapy, may increase the 
risk. Vanhoof et al reported higher hepatotoxicity rate due to 
isoniazid treatment in rheumatoid arthritis patients (9). The 
proposed reason for increased hepatotoxicity was interference 
between isoniazid and disease modifying agents (such as 
methotraxate and sulfasalazine). A study reported by Haroon et 
al showed higher hepatotoxicity rate in isoniazid 
chemoprophylaxis for latent tuberculosis infection in patients 
treated with TNF blockers; 22% of the patients developed 
hepatotoxicity with the incident being severe in 13% (10). Bray 
et al also reported high hepatotoxicity rates with isoniazid and 
rifampicin in patients receiving TNF blocker therapy (11). Hanta 
et al also reported that 8% of patients treated with TNF blocker 
had hepatotoxicity with izoniazid. (12). On the other hand, 
another study reported that prophylactic treatment only with 
isoniazid for latent tuberculosis in rheumatoid artritis patients 
was safe (13). Our findings, together with other reports in the 
literature, suggest that patients receiving therapy with multiple 
disease modifying drugs may have increased risk of 
hepatotoxicity during combination antituberculosis therapy. As 

there is no specific suggestion for this patient group, we think 
that assesment of hepatotoxicity should be carried out 
routinely.  

We have also found an association between chronic 
corticosteroid use and antituberculosis therapy related 
hepatotoxicity. High dose corticosteroid use is known to be 
related with liver injury (14). Although low doses of 
corticosteroids are considered to be safe, chronic 
administration may be associated with steatosis or 
steatohepatitis (15,16). Our findings suggest that in such 
patients, the risk of hepatotoxicity may be increased with the 
addition of antituberculosis drug therapy.  

The incidence of antituberculosis therapy related 
hepatotoxicity in our study is similar to previous reports (2-28%) 
in the literature (17). Incidence of hepatotoxicity was between 
2.4-11.3 % in Turkish population (5, 18-21). The high variance 
for hepatotoxicity among studies may be attributed to different 
patient groups as genetic factors play an important role in the 
development of hepatotoxicity. A meta-analysis study showed 
N-acetyl transferase 2 homozygous variant genotype, 
cytochrome p450 2E1 wild genotype and glutathione S-
transferase homozygous null type as risk factors for 
antituberculosis therapy related hepatotoxicity (22). Another 
reason for high variance in the incidence might be the use of 
different definitions for hepatotoxicity; some studies define 
hepatotoxicity as any increase in liver function tests whereas 
others only accept hepatotoxicity when there is need for 
treatment discontinuation.  

 Older age and female gender were previously shown to be 
related to antituberculosis therapy related hepatotoxicity; 
however we were unable to show such an association in our 
study (23-26). Older patients may be more vulnerable to 
hepatotoxic reactions due to changes in drug metabolism and 
clearence, but the data is inconsistent in the literature 
regarding the relationship between age and hepatotoxicity (2, 
27). Some studies also showed increased risk hepatotoxicity in 
females most of which were whether not statistically significant 
or treatment limiting (25, 27, 28). 

Comorbidities are important for the hepototoxicity 
development. A study performed in Turkey (n=1443) evaluated 
the association between comorbidities and hepatoxicity 
however they didn't find an increased risk (29). 

The highest risk period for hepatotoxicity is generally 
between second and third week of therapy (21). In this study 
we followed all patients during this high-risk period and 
hepatoxicity was seen with a median of 12 days after initiation 
of therapy. Ateş et al reported that the first two weeks were 
the most critical time for the development of hepatoxicity (30). 

Some limitations of our study merit consideration. First, due 
to the retrospective design of the study and inclusion of only 
hospitalized patients, selection bias is inevitable and the results 
are not attrituble to other patient populations. Second the 
present study was done in a tertiary reference center and we 
think that most of these hospitalized patients were relatively 
complicated extrapulmonary tuberculosis cases. Although 
hepatotoxicity was expected to be higher in these patients, we 
found a similar antituberculosis therapy related hepatotoxicity 
rate. We also think that this is one of the strengths of our study 
as this study gives important information regarding a relatively 
less studied patient cohort. Another important strength is that 
the study was restricted to patients in whom the diagnosis of 
tuberculosis was established by gold standard methods.  

In conclusion, antituberculosis therapy with four drugs is 
very effective in the treatment of tuberculosis, but it should be 
kept in mind that combination of possibly hepatotoxic drugs 
may cause liver damage. Our findings show presence of 
rheumatologic disease and chronic corticosteroid use as risk 
factors for hepatotoxicity during tuberculosis treatment in 

 
Figure 1: Changes in transaminase levels throughout 
treatment period in patients with hepatotoxicity (n=7) 
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hospitalized patients. Therefore we think that these patients 
should be closely monitored for hepatotoxicity especially during 
initial treatment phase. 
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