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INTRODUCTION

Tuberculosis remains a global problem, with an esti-
mated 8.6 million new cases reported in 2012 [1]. The 
standard treatment regimen of isoniazid, rifampicin, 
ethambutol, and pyrazinamide shortens the treatment 
period and increase treatment efficacy [2,3]. However, 
hepatotoxicity is common side effect of antituberculous 
treatment [4,5], and antituberculous drugs such as isoni -
azid, rifampicin and pyrazinamide are hepatotoxic [6]. 

Rates of antituberculous drug-induced hepatotoxicity 
(ADIH) ranging from 2.55% to 16.1% have been reported 
in several prospective studies [7-10]. Once hepatotoxicity 
occurs in a patient receiving antituberculous treatment, 
the treatment antituberculous should be withheld until 
hepatotoxicity is resolved, with subsequent stepwise re-
challenge with the therapeutic drugs [11].

The dynamics of ADIH occurrence is unclear. Several 
studies have indicated that ADIH is most likely within 
the first month of the intensive phase of treatment [12-
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Background/Aims: We investigated the time of onset of antituberculous drug-in-
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culous drugs compared to the > 30-day group. In subgroup analysis, the ≤ 7-day 
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high proportion of patients with maintenance of first-line antituberculous drugs, 
and high proportion of patients with extrapulmonary tuberculosis compared to 
patients with ADIH that developed beyond 7 days. In multivariate analysis, serum 
ALT > 40 IU/L (odds ratio [OR], 2.995; 95% confidence interval [CI], 1.580 to 5.680; 
p = 0.001) and presence of anti-hepatitis C virus (OR, 4.204; 95% CI, 1.822 to 9.700, 
p = 0.001) were independent risk factors for development of ADIH. 
Conclusions: Approximately 70% of the cases of ADIH occurred in the f irst 
month of antituberculous treatment, and were associated with continuation of 
the first-line drug regimen.
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14]. Baseline alanine aminotransferase (ALT) measure-
ment is recommended for patients suspected of liver 
disease, infection with human immunodeficiency virus, 
and pregnant or postpartum women [11]. ALT monitor-
ing should be done between 2 and 4 weeks after initia-
tion of treatment depending on the risk of hepatotoxic-
ity and the stability of ALT. Baseline liver function tests 
are generally not recommended for healthy subjects. 
However, recent results indicated that universal testing 
should be done 2 weeks after treatment initiation in all 
patients during antituberculous therapy [15].

This study sought to clarify the necessity of intensive 
early monitoring for ADIH by investigating ADIH onset 
time and comparing the characteristics between early 
and late occurrence of ADIH.

METHODS

Patients
A total of 1,487 consecutive patients (> 18 years of age) who 
commenced antituberculous therapy at Gyeongsang 
National University Hospital between February 2009 
to January 2013 were enrolled. Most patients received 
a 2-month treatment regimen of isoniazid, rifampicin, 
ethambutol, and pyrazinamide followed by isoniazid, 
rifampicin, and ethambutol for 4 months. All patients 
had received a fixed dose of first-line antituberculous 
drug daily according to World Health Organization rec-
ommendations based on weight [16]. Demographic and 
clinical data including age, sex, body mass index (BMI), 
concomitant diseases, infected organs with tuberculo-
sis, previous history of tuberculosis, and alcohol con-
sumption were retrospectively obtained from a review 
of medical records. Exclusion criteria were: (1) level of 
aspartate aminotransferase (AST) or ALT at baseline > 2 
times upper limit of normal (ULN; n = 7); (2) loss to fol-
low-up within 2 months of treatment initiation (n = 220); 
(3) inadequate date of laboratory testing at baseline or 2 
to 4 weeks after treatment initiation (n = 86); (4) diagno-
sis of latent tuberculosis, nontuberculous mycobacteri-
um infection, multidrug resistant tuberculosis, or other 
disease (n = 127); and (5) discontinuation due to other ad-
verse effects except hepatotoxicity (n = 16). Finally, 1,031 
patients were recruited. The Institutional Review Board 
of Gyeongsang National University Hospital reviewed 

and approved this study.

Definition of ADIH
ADIH was defined as follows based on previous studies 
[3,17]. Other causes of elevated liver function tests were 
excluded. In cases with normal level of baseline AST and 
ALT before treatment initiation, liver transaminase lev-
els were exceeded 3 times of upper normal range with 
symptoms of hepatitis or exceeded 5 times of upper nor-
mal range without symptoms. In cases with abnormal 
level of basal AST or ALT before treatment initiation, 
the level(s) after initiation of treatment was double the 
basal level. Level of total bilirubin was 2 times higher 
than ULN at the normal baseline or basal level at the 
abnormal baseline. Patients developing hepatotoxicity 
were categorized based on the timing of occurrence of 
ADIH (≤ 30-day group, ADIH detected within 30 days; 
> 30-day group, ADIH detected beyond 30 days). In sub-
group analysis, patients developing hepatotoxicity were 
categorized according to occurrence within 7 days (≤ 
7-day group) and beyond 7 days (> 7-day group).

Monitoring and prognosis
Liver function was ascertained at baseline and every 2 to 
4 weeks after treatment initiation. Unplanned visits and 
laboratory tests due to adverse events were performed 
according to patient need. Elevated AST or ALT values 
prompted more frequent visits. In cases of ADIH, all 
drugs were stopped and a step-wise rechallenge was be-
gun after complete resolution of hepatotoxicity. During 
the presentation of hepatotoxicity, highest AST or ALT 
level and time of peak level were corrected. The progno-
sis of patients who successfully recommenced first-line 
drugs without further development of hepatitis, who be-
gan alternative regimens, or who terminated treatment 
were determined. Mean time to recovery was defined 
as the time interval between the onset of hepatitis and 
complete normalization. 

Statistical analyses
All statistical analyses were performed with SPSS version 
18.0 (SPSS Inc., Chicago, IL, USA). For between-group 
comparisons, the Mann-Whitney U test was used for 
continuous variable, with the chi-square test or Fish-
er exact test (for situations with small frequencies) was 
used for categorical variables. Risk factors associated 
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with ADIH were determined by logistic regression anal-
ysis. The risk was expressed by calculating the odds ratio 
(OR) and 95% confidential interval (CI). A p < 0.05 indi-
cated statistical significance. 

RESULTS

Baseline characteristics 
Mean age ± standard deviation of the 1,031 patients (608 
males, 59.0%) was 55.5 ± 18.3 years (Table 1). One hundred 
and eight patients (10.5%) developed ADIH a mean of 
39.6 ± 43.7 days after treatment initiation. Baseline levels 
of AST and ALT in patients with ADIH were significant-
ly higher than those in patients without ADIH. Baseline 
level of total bilirubin in patients with ADIH was sig-
nificantly lower than that in patients without ADIH. In-
cidence of concomitant hepatitis C virus infection was 

significantly increased in patients with ADIH. However, 
the other variables were not significantly different. The 
most common infected site was the lung (68.9%), fol-
lowed by pleural space (10.7%), lymph node (5.2%), gas-

Table 1. Comparison of demographics, laboratory data, and comorbidities between patients with and without ADIH

Variable
Total patients 

(n = 1,031)
Without ADIH 

(n = 923)
With ADIH 

(n = 108)
p value

Demographic 

   Age, yr 55.5 ± 18.3 55.3 ± 18.2 57.4 ± 18.6 0.298

   Male sex 608 (59.0) 546 (59.2) 62 (57.4) 0.727

   Body mass index, kg/m2 21.9 ± 4.3 21.9 ± 4.1 22.0 ± 5.6 0.641

Site of infectiona

   Extrapulmonary TB 319 (30.9) 279 (30.2) 40 (37.0) 0.147

   Pulmonary TB 743 (72.1) 665 (72.0) 78 (72.2) 0.969

Initial laboratory findings

   Aspartate transaminase, U/L 24.3 ± 10.6 23.6 ± 9.9 30.2 ± 14.2 < 0.001

   Alanine transaminase, U/L 19.9 ± 11.7 19.4 ± 11.3 23.9 ± 14.2 0.001

   Total bilirubin, mg/dL 0.9 ± 11.2 0.9 ± 11.8 0.7 ± 0.4 < 0.001

Underlying disease

   History of TB 155 (18.2) 143 (19.0) 12 (12.2) 0.105

   Hepatitis B virus 50 (5.4) 45 (5.5) 5 (4.7) 0.714

   Hepatitis C virus 27 (2.9) 16 (2.0) 11 (10.3) < 0.001

   Alcohol consumption 119 (14.4) 102 (13.9) 17 (17.7) 0.319

   Diabetes mellitus 174 (20.3) 157 (20.8) 17 (17.0) 0.379

   End-stage renal disease 22 (3.0) 21 (3.3) 1 (1.1) 0.505

   Malignancy 122 (16.4) 103 (15.8) 19 (20.9) 0.218

Values are presented as mean ± SD or number (%).
ADIH, antituberculous drug-induced hepatotoxicity; TB, tuberculosis. 
aThirty-one patients were simultaneously diagnosed with pulmonary and extrapulmonary tuberculosis, and 15 patients had 
an unknown primary infection site.

Table 2. Distribution of the infected organs with tuberculosis 

Site of infection No. (%)

Lung 710 (68.9)

Pleura 110 (10.7)

Lymph node 54 (5.2)

Gastrointestinal tract or peritoneum 42 (4.1)

Central nervous system 20 (1.9)

Vertebral joint 14 (1.4)

Pericardium 12 (1.2)

Other site 38 (3.7)

Multiple site 31 (3.0)
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trointestinal tract (4.1%), central nervous system (1.9%), 
vertebral joint (1.4%), and pericardium (1.2%) (Table 2). 
Thirty-one patients were simultaneously diagnosed with 
pulmonary and extrapulmonary tuberculosis.

Onset time of ADIH 
Among 108 patients who developed ADIH, 73 patients 
(67.5%) developed hepatotoxicity within 30 days (Fig. 1). 
The mean onset time of hepatotoxicity of the ≤ 30-day 
group and > 30-day group was 15.6 ± 10.1 days and 89.7 
± 44.4 days, respectively (p < 0.001). The mean peak AST, 
ALT, and bilirubin level was 301.4 ± 350.0 U/L, 308.2 ± 
319.9 U/L, and 1.5 ± 1.7 mg/mL, respectively, in the ≤ 30-
day group and 241.5 ± 393.5 U/L, 211.5 ± 230.1 U/L, and 
2.4 ± 3.4 mg/mL, respectively, in the > 30-day group. Ex-
cept for the peak ALT level, there were no significant dif-
ferences in the other variables between the two groups  
(Table 3). 

Twenty-eight patients (25.9%) developed hepatotoxici-
ty within 7 days. The mean hepatitis onset time of the ≤ 
7-day group and > 7-day group was 5.7 ± 2.1 days and 51.4 
± 45.1 days, respectively (p < 0.001). In the ≤ 7-day group, 
rates of extrapulmonary tuberculosis were significantly 
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Figure 1. The time from the start of treatment to onset of 
hepatotoxicity in patients who developed antituberculous 
drug-induced hepatotoxicity (ADIH). Twenty-five percent 
and about 66% of the 108 patients developed ADIH within 7 
and 30 days, respectively. Mean time to onset was 39.6 days 
(range, 1 to 200).

Table 3. Clinical and laboratory characteristics of patients developing antituberculous drug-induced hepatotoxicity in ≤ 30-
day group and > 30-day group

Variable ≤ 30-Day group (n = 73) > 30-Day group (n = 35) p value

Site of infectiona

Extrapulmonary TB 29 (39.7) 11 (31.4) 0.403

Pulmonary TB 53 (72.6) 25 (71.4) 0.899

Initial laboratory finding 

AST, U/L 30.7 ± 13.6 29.2 ± 15.7 0.267

ALT, U/L 24.8 ± 14.6 22.0 ± 13.3 0.331

Total bilirubin, mg/dL 0.7 ± 0.4 0.7 ± 0.4 0.468

Laboratory finding during treatment

Peak AST, U/L 301.4 ± 350.0 241.5 ± 393.5 0.177

Peak ALT, U/L 308.2 ± 319.9 211.5 ± 230.1 0.038

Peak total bilirubin, mg/dL 1.5 ± 1.7 2.4 ± 3.4 0.233

Modes of management 0.033

Maintenance of 1st line drugs 50 (68.1) 20 (57.1)

Change of regimen or termination of treatment 23 (31.9) 15 (42.9)

Time to recovery, day 40.8 ± 34.4 47.4 ± 49.3 0.755

Values are presented as number (%) or mean ± SD.
TB, tuberculosis; AST, aspartate transaminase; ALT, alanine transaminase. 
aTen patients were simultaneously diagnosed with pulmonary and extrapulmonary tuberculosis.
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higher than those of the > 7-day group (53.6% vs. 31.3%, 
p = 0.035) (Table 4). Among the 40 patients with ex-
trapulmonary tuberculosis, 15 patients (37.5%) developed 
hepatotoxicity within 7 days. There were no significant 
differences of peak AST and ALT levels between the ≤ 
7- and > 7-day groups. But, the mean AST and ALT levels 
at baseline were significantly higher in the ≤ 7-day group 
compared to the > 7-day group (34.1 ± 14.4 vs. 28.9 ± 14.0, 
p = 0.036; 30.1 ± 17.2 vs. 21.7 ± 12.4, p = 0.013, respectively) 
(Table 3). However, there were no significant differences 
in age, sex, BMI, pyrazinamide (PZA) combination, total 
bilirubin level at baseline and peak time, concomitant 

hepatitis B virus and hepatitis C virus infection, alcohol 
consumption, diabetes, and treatment strategy between 
the two groups.

Clinical course and management
As shown in Table 5 serum ALT > 40 IU/L (OR, 4.442; 
95% CI, 2.594 to 7.604; p < 0.001), serum AST > 40 IU/L 
(OR, 2.609; 95% CI, 1.361 to 5.003; p = 0.004), serum bil-
irubin > 1.2 mg/dL (OR, 2.270; 95% CI, 1.060 to 4.861), 
and presence of anti-hepatitis C virus (OR, 5.701; 95% 
CI, 2.571 to 12.640; p < 0.001) were significantly associat-
ed with development of ADIH in univariate analysis. In 

Table 4. Subgroup analysis of patients developing antituberculous drug-induced hepatotoxicity between the ≤ 7-day group and 
> 7-day group

Variable ≤ 7-Day group (n = 28) > 7-Day group (n = 80) p value

Site of infectiona

   Extrapulmonary TB 15 (53.6) 25 (31.3) 0.035

   Pulmonary TB 15 (53.6) 63 (78.8) 0.010

Initial laboratory findings

   AST, U/L 34.1 ± 14.4 28.9 ± 14.0 0.036

   ALT, U/L 30.1 ± 17.2 21.7 ± 12.4 0.013

   Total bilirubin, mg/dL 0.7 ± 0.4 0.7 ± 0.4 0.594

Laboratory findings during treatment

   Peak AST, U/L 183.9 ± 149.9 316.3 ± 408.7 0.064

   Peak ALT, U/L 188.5 ± 130.8 307.8 ± 330.6 0.129

   Peak total bilirubin, mg/dL 1.5 ± 1.7 2.0 ± 2.7 0.939

Modes of management 0.033

    Maintenance of 1st line drugs 23 (81.5) 47 (58.7)

   Change of regimen or termination of treatment 5 (18.5) 33 (41.3)

Time to recovery, day 29.3 ± 25.2 47.5 ± 41.9 0.209

Values are presented as number (%) or mean ± SD.
TB, tuberculosis; AST, aspartate transaminase; ALT, alanine transaminase. 
aTen patients simultaneously were diagnosed with pulmonary and extrapulmonary tuberculosis.

Table 5. Logistic regression analysis of risk factors for developing antituberculous drug-induced hepatotoxicity 

Variable
Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

ALT > 40 IU/L 4.442 (2.594–7.604) < 0.001 2.995 (1.580–5.680) 0.001

AST > 40 IU/L 2.609 (1.361–5.003) 0.004 1.213 (0.556–2.648) 0.628

Bilirubin > 1.2 mg/dL 2.270 (1.060–4.861) 0.035 1.550 (0.690–3.482) 0.288

Anti-hepatitis C virus 5.701 (2.571–12.640) < 0.001 4.204 (1.822–9.700) 0.001

OR, odds ratio, CI, confidential interval; ALT, alanine transaminase; AST, aspartate transaminase. 
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multivariate analysis, serum ALT > 40 IU/L (OR, 2.995; 
95% CI, 1.580 to 5.680; p = 0.001) and presence of an-
ti-hepatitis C virus (OR, 4.204; 95% CI, 1.822 to 9.700; p = 
0.001) were independent risk factors for development of 
ADIH. There was no significant difference in time to re-
covery between the ≤ 30- and the > 30-day groups (40.8 ± 
34.4 and 47.4 ± 49.3 days, p = 0.755). In the ≤ 30-day group, 
50 patients (68.1%) successfully completed treatment 
with first-line drugs without further hepatotoxicity de-
velopment, and 23 patients (31.9%) commenced treat-
ment with alternative drugs or terminated treatment. 
In the > 30-day group, 20 patients (57.1%) successfully 
completed treatment with first-line drugs, and 15 pa-
tients (42.9%) commenced alternative drug treatment or 
terminated treatment (Table 3). There was a significant 
difference in modes of management in both groups (p = 
0.033). In the ≤ 7-day group, the proportion of patients 
who maintained first-line antituberculous drugs with-
out withdrawal or termination was higher than that with 
patients in whom ADIH occurred later (81.5% vs. 58.7%, 
p = 0.033) (Table 4) and ADIH occurred between 8 and 14 
days (81.5% vs. 18.5%, p = 0.036, data not shown). There 
were no cases of acute liver failure requiring liver trans-
plantation or death.

DISCUSSION

In current study, hepatotoxicity occurred in 10.5% of 
patients who received antituberculous therapy. In these 
patients, the mean onset time of ADIH was 39.6 days af-
ter treatment initiation. The majority of ADIH events 
appeared within the first 30 days of treatment. In these 
patients, the peak ALT level was higher and there were 
more patients who maintained first-line antitubercu-
lous drugs compared to patients who developed ADIH 
more than 30 days after initiation of treatment. Patients 
in whom ADIH develop within 7 days of treatment 
initiation comprised more patients who maintained 
first-line antituberculous drug therapy and a higher 
proportion of patients with extrapulmonary tuberculo-
sis compared to patients in whom ADIH develop more 
than 7 days after treatment began. Therefore, early iden-
tification of ADIH is clinically important for mainte-
nance of first-line antituberculous treatment without a 
change of regimen. Emphasizing this importance, 37.5% 

of patients with extrapulmonary tuberculosis developed 
hepatotoxicity within 7 days. 

Early detection of ADIH is clinically important for 
several reasons. Earlier detection of ADIH has been as-
sociated with decreased mortality and severe hepatotox-
icity [18,19]. Moreover, earlier detection of ADIH may al-
low a shorter time to recovery, from occurrence of ADIH 
to normalization of AST, ALT, and bilirubin, because 
resolution of liver function test abnormality is likely to 
be faster. In a recent study, a uniform monitoring policy 
at 2 weeks in all patients treated for active tuberculosis 
was useful for prompt detection of a subgroup of pa-
tients who developed ADIH early [15]. Presently, earlier 
detection of hepatotoxicity enabled patients with antitu-
berculous treatment to maintain the first-line drug reg-
imen compared to later detection. However, regardless 
of the cutoff date (7 or 30 days), there was no significant 
difference in time to recovery between earlier versus lat-
er detection.

ADIH occurred in 10.5%, similar to previously report-
ed rates of 3% in Canada [17], 5% in Hong Kong [20], 5.3% 
in Singapore [21], 16.1% in Taiwan [22], 2.6% in China [7], 
and 10.5% in India [18]. The present mean onset time of 
ADIH was 39.6 days, which is similar to reported medi-
an onset times of 14 days in Turkey [23], 38 days in Sin-
gapore [21], and 53 days in China [7]. A cohort study con-
ducted in India showed that 35% of the cases of ADIH 
developed within 15 days and 58% within 30 days [18]. 
In another prospective study, 58% of 74 patients with 
ADIH developed the hepatotoxicity within the first 2 
weeks [13], similar to the present findings. The Indian 
study reported that ADIH in 69 patients progressed to 
acute liver failure in 11 patients (16%) within 7 days and 
in 18 (26.1%) within 14 days. However, there were no cas-
es of acute liver failure requiring liver transplantation or 
death in our study.

As reported in previous studies [8,15,24,25], poor liv-
er function at baseline and hepatitis C virus infection 
were independent risk factors for development of ADIH 
(Table 5). However, there was no significant difference 
between the ≤ 30- and > 30-day groups in baseline liver 
function and hepatitis C virus infection. However, the 
mean AST and ALT levels at baseline were higher sig-
nificantly in the ≤ 7-day group than in the > 7-day group.

In addition, a high proportion of patients (37.5%) with 
extrapulmonary tuberculosis developed hepatotoxicity 
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within 7 days. Among the 319 patients with extrapulmo-
nary tuberculosis, 40 patients (12.7%) developed ADIH 
and 37.0% of these cases (15/40) occurred within 7 days. 
These findings suggest that monitoring liver function 
during the first week in patients with extrapulmonary 
tuberculosis and abnormal liver function at baseline 
could be helpful for very early detection of ADIH and 
improved prognosis. 

Our study had several limitations. It was a retrospec-
tive study. Precise information on alcohol consumption 
and hepatotoxic drugs were unavailable from a medical 
chart review. We did not measure hepatotoxicity in all 
patients during the first 7 days, and proportion of ADIH 
in this group may be underestimated. Secondly, we did 
not investigate 456 excluded patients, which could create 
an exclusion bias. Third, because the study was under-
taken at the national referral center, our results may not 
be generalizable. 

In conclusion, it is important to start monitoring liver 
function test earlier in patients undergoing antituber-
culous treatment, because early identification of ADIH 
is associated with completion of treatment using first-
line antituberculous drugs. Our results suggest that 
clinicians should consider liver function testing during 
the first 7 days of treatment in patients with extrapul-
monary tuberculosis or poor baseline liver function, 
since this may improve prognosis. Meticulous attention 
should be given to the patients with high ALT and/or 
anti-hepatitis C virus.
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