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Abstract          Word count: 200 

 We conducted a nested case-control study to examine whether dosing schedules of 

standard pyrazinamide-containing anti-tuberculosis treatment (standard treatment) might 

affect hepatotoxicity. 

 We identified retrospectively all patients with hepatitis by biochemical criteria from a 

cohort of 3007 clinic patients who commenced anti-tuberculosis treatment from 1 January to 

30 June 2001. Each case with hepatitis between one and nine weeks post-treatment was 

compared by conditional logistic regression analysis with two controls selected randomly 

from patients without hepatitis in the same period and matched by gender, age, and standard 

treatment. Impacts of gender and age were examined by logistic regression analysis of cases 

and patients without hepatitis.  

 Hepatitis occurred in 167 patients, of whom 96 qualified as cases. A conditional logistic 

risk model identified hepatitis B surface antigen (HBsAg) carriage as the only risk factor 

(odds ratio 1.8, 95% confidence interval (CI) 1.1-3.1). Logistic regression analysis showed 

that gender was non-significant but aging increased odds of hepatitis. The risk of hepatitis 

(95% CI) increased from 2.6% (1.9-3.5%) to 4.1% (3.2-5.3%) as age exceeded 49 years.  

 Dosing schedules in the first nine weeks have little impact on hepatotoxicity. If patients at 

risk of both hepatitis and relapse receive standard treatment, daily dosing is preferable. 
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Introduction 

 

Risk factors for hepatitis have been evaluated by a number of observational studies [1-15] but 

few addressed treatment-related factors [12-15]. While the latter focused on the risk of 

hepatitis induced by individual drugs, the impact of dosing schedules has not been adequately 

addressed.  

 Whether dosing schedules affect the risk of drug-induced hepatitis may bear clinical 

relevance. A nested case-control study showed that standard thrice-weekly anti-tuberculosis 

treatment increased the risk of relapse in comparison with daily treatment and the risk 

difference might be clinically significant for patients with cavitary tuberculosis [16]. Three 

randomized controlled trials involving combination therapy with isoniazid, rifampicin and 

pyrazinamide in the initial phase showed that daily treatment might be more hepatotoxic than 

thrice-weekly treatment [17-19]. However, the findings from these three trials may not be 

applicable to the standard six-month regimen for two reasons. First, pyrazinamide was given 

for three to six months in two trials [17,18]. The hepatotoxicity of daily and thrice-weekly 

treatment might be similar if pyrazinamide were given for approximately two months.  

Second, in contrast to the current practice, the dosages of rifampicin and pyrazinamide for 

daily and thrice-weekly treatment in the remaining clinical trial were identical [19]. Thus any 

significant difference between daily and thrice-weekly regimens may be inapplicable to usual 

settings. If the standard pyrazinamide-containing initial phase is significantly more 

hepatotoxic than the thrice-weekly counterpart, it may be necessary to balance benefit against 

risk in determining the optimal initial phase regimen for subgroups at risk of both relapse and 

hepatitis.  

 Given a paucity of studies on dosing schedules and hepatotoxicity, and the relatively low 

prevalence of drug-induced hepatitis, we conducted a nested case-control study to examine 
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whether dosing schedules of standard pyrazinamide-containing anti-tuberculosis treatment 

might affect hepatotoxicity in the first nine weeks. 

 

Material and methods  

 

 We conducted a nested case-control study to examine the impact of dosing schedules on 

hepatotoxicity. From a computerized registry of tuberculosis patients treated in government 

chest clinics, we identified retrospectively all patients with hepatitis after treatment from a 

cohort who commenced treatment from 1 January 2001 to 30 June 2001. Hepatitis, defined as 

elevation of alanine aminotransferase (ALT) or total bilirubin above thrice and twice upper 

normal limit (ULN) respectively, was presumed to be drug-induced unless proven otherwise. 

Anti-tuberculosis treatment was given largely under direct observation either in the hospital 

or in any one of the 18 government chest clinics (12 full-time and six part-time) distributed in 

different districts of Hong Kong under the purview of the Tuberculosis and Chest Service. 

Trained healthcare workers watched out for treatment adverse events and took immediate 

defaulter-tracing actions for non-adherent patients.  

 We confined our nested case-control study to the first nine weeks after treatment. Patients 

with hepatitis less than one week post-treatment were excluded because it would probably 

take at least one week to show any difference between daily and thrice-weekly treatment. 

Each case was matched by gender, age (within three years of difference), and treatment with 

two controls selected randomly from patients without hepatitis during the first nine weeks. 

Cases and matched controls received standard pyrazinamide-containing treatment for at least 

70% of the time before the diagnosis of hepatitis and the end of nine weeks respectively. The 

first two eligible controls were selected. Cases and matched controls were compared by 

conditional logistic regression analysis. Impacts of gender and age on hepatotoxicity were 
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examined by logistic regression analysis of cases and all patients without hepatitis in the first 

nine weeks. Medical records of all cases and controls were retrieved for verification and data 

capture.  

 Table 1 shows the list of predictor variables analyzed by univariate conditional logistic 

regression analysis. Dosing schedules and predictor variables with P values less than 0.2 by 

univariate analysis were forced into a conditional logistic risk model to evaluate the impact of 

dosing schedules on drug-induced hepatitis.  

 OpenOffice Calc version 2.0 and SPSS version 10 (Chicago, IL) were used for statistical 

analysis. Approval has been obtained from the institutional review board for conducting the 

study. Patient consent was not necessary because our study was an observational study. 

 

Results 

  

 Our cohort comprised 3007 patients who commenced treatment from 1 January 2001 to 

30 June 2001 and received treatment partly or entirely from government chest clinics. The 

majority were Chinese (97%) and permanent residents of Hong Kong (96%). A total of 192 

episodes of drug-induced hepatitis occurred in 167 patients (5.6%), of whom 123 (4.1%) 

cases were diagnosed within the first nine weeks. The frequency distribution of drug-induced 

hepatitis by age groups was as follows: 49 years and below, 64 (38.3%); 50 to 64 years, 41 

(24.6%); and above 64 years, 62 (37.1%). A total of four patients, all aged above 64 years, 

died after developing hepatitis (see Table 2). The case-fatality rate of drug-induced hepatitis 

was 6.5% for the age group above 64 years. The distribution of the first episode of drug-

induced hepatitis by the time of diagnosis was skewed with mode at 1.1 week, median at 5 

weeks, inter-quartile range from 2.4 to 8.3 weeks, and range from 0.3 week to 44.4 weeks. 
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The risk of hepatitis (95% confidence interval) in the first nine weeks relative to the 

remaining period was 2.7 (1.9-3.8). 

 Out of 123 patients who had hepatitis within the first nine weeks, a total of 27 were 

excluded from nested case-control analysis for the following reasons: two for overdose (one 

received 3500 mg pyrazinamide daily; another received 1000 mg isoniazid and 2500 mg 

pyrazinamide daily), five for onset of hepatitis less than one week, and 20 for ineligible 

treatment (either non-pyrazinamide regimens or standard pyrazinamide-containing regimens 

given for less than 70% of the time before hepatitis). Thus we had 96 cases comprising 31 

females and 65 males. A total of 59 (61.5%) were aged above 49 years (see Table 1 for 

details). ALT was three to five times ULN in 45.8% and in excess of 10 times ULN in 25.0%. 

ALT was less than three times ULN in 5.2% (increase in total bilirubin met the criterion for 

biochemical hepatitis in these cases). The proportion of severe hepatitis (ALT at least 10 

times ULN) was higher among patients who started treatment in the chest clinic than those 

who started treatment in the hospital (33% versus 18%) but the difference did not reach 

statistical significance (p=0.09). Cases with ALT levels at least five times ULN (moderate or 

severe hepatitis) were significantly more likely to have symptoms of hepatitis than those with 

lower ALT levels (79.5% versus 54.5%; p=0.02; missing data about 25%). We found no 

significant association between HBsAg carriers and moderate or severe hepatitis.  

 We compared 96 cases with 192 matched controls in a conditional logistic risk model. 

Approximately 85% cases and 95% matched controls received standard pyrazinamide-

containing treatment for at least 90% of the time before the diagnosis of hepatitis and the end 

of first nine weeks respectively. Table 1 shows the results of univariate conditional logistic 

regression analysis. Table 3 shows the results of multiple conditional logistic regression 

analysis in two models. Model A excluded drinking history and HBsAg status from the 

analysis. Model B included drinking history and HBsAg status; it assumed that all patients 
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with unknown HBsAg status and unknown drinking history were HBsAg negative and non-

drinkers or social drinkers respectively. Model B identified only one risk factor for drug-

induced hepatitis: HBsAg carriers (odds ratio (OR) 1.8, 95% confidence interval (CI) 1.1-3.1). 

Both Models demonstrated no significant association between dosing schedules and drug-

induced hepatitis (OR 1.1, 95% CI 0.6-1.9). Neither did we find any significant association 

between dosing schedules and the time of onset of hepatitis or the severity of hepatitis by 

ALT levels.   

 Logistic regression analysis of 96 cases and 2789 patients in the cohort with no hepatitis 

in the first nine weeks showed that gender had non-significant impact but age above 49 years 

increased the odds of hepatitis (OR 1.6; 95% CI 1.1-2.5). The risk of hepatitis (95% CI) in 

the first nine weeks increased from 2.6% (1.9-3.5%) to 4.1% (3.2-5.3%) as age exceeded 49 

years. The corresponding risks (95% CI) for females increased from 2.3% (1.4-3.7%) to 4.7% 

(2.9-7.5%), and from 2.8% (1.9-4.2%) to 3.9% (2.9-5.3%) for males. 

 

Discussion 

 

We have demonstrated by a conditional logistic risk model that dosing schedules of 

standard pyrazinamide-containing treatment in the first nine weeks have no significant impact 

on drug-induced hepatitis. We reached the same conclusion regardless of the inclusion of 

HBsAg status or drinking history. As it has been shown that daily treatment in comparison 

with thrice-weekly treatment significantly reduces the risk of relapse among patients with 

cavitary tuberculosis [16], daily dosing is preferable if patients at risk of both hepatitis and 

relapse receive standard pyrazinamide-containing anti-tuberculosis regimens. 

Although three randomized controlled trials [17-19] showed that daily treatment in 

comparison with thrice-weekly treatment significantly increased the risk of �hepatic 
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reactions� or �hepatic adverse events�, in none of these clinical trials were the latter terms, 

which were not the primary study end points, well defined. �Hepatic reactions� were either 

vaguely defined as abnormalities in liver function tests leading to a modification to the 

regimen [17], or implicitly described as including symptomless rises in serum ALT and 

clinically evident hepatitis [18]. �Hepatic adverse events� were indirectly described as events 

resulting in a change of treatment or interruption of seven days or more [19]. If analysis was 

confined to patients with jaundice (all occurring within first two months) in one of these trials 

[17], there was no significant difference between daily and thrice-weekly regimens. It may be 

argued that the negative finding in our study is a type II error. However, the current nested 

case-control study based on a cohort of 3007 patients should outstrip any of the three 

controlled trials by both the number of patients and statistical power.  

Although controlled trials suggested that the addition of pyrazinamide to regimens 

containing rifampicin and isoniazid did not increase the risk of hepatitis [20,21], our study 

showed that the risk of hepatitis by biochemical criteria in the first nine weeks of treatment, 

when pyrazinamide was frequently added to isoniazid and rifampicin, was about 2.7 times 

that of the subsequent period when pyrazinamide was seldom used (p<0.001). This 

corroborated the high incidence of pyrazinamide-induced hepatotoxicity (which implied 

toxicity of pyrazinamide added to isoniazid and rifampicin) relative to that of isoniazid-

induced hepatotoxicity found by a cohort study [15]. Negative findings from controlled 

clinical trial might have been caused by insufficient statistical power or differences from the 

usual service settings.  

Our study reaffirmed a significantly higher risk of drug-induced hepatitis among older 

patients [1,2,4,6,7,13,15] although a few studies showed negative findings [5,11]. Our 

findings also corroborated a case-control study in Hong Kong that showed only age and 

hepatitis B infection were significantly related to anti-tuberculosis treatment [6], although we 
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might have over-estimated the risk of drug-induced hepatitis due to chronic hepatitis B by 

assuming negative results for those with unknown HBsAg. Two studies showed no 

significant association between drug-induced hepatitis and HBsAg carriers [4,10], but one of 

them showed that HBsAg carriers were more likely than non-carriers to develop moderate-to-

severe drug-induced hepatitis [10]. This finding was not reproduced in our study. 

 We failed to demonstrate a significant association between alcoholism and drug-induced 

hepatitis, which had been shown by two studies [1,5]. Two studies also showed negative 

findings [2,7]. The negative finding in our study could have been caused by both selection 

and misclassification bias. Drinkers with baseline liver function dysfunction might be less 

likely to receive standard pyrazinamide-containing regimens and thus excluded from our 

study. Drinking history was missing from a considerable proportion of patients.  

 The association between drug-induced hepatitis and gender is controversial. We found no 

association between gender and drug-induced hepatitis. A few studies showed that female 

patients were more vulnerable to drug-induced hepatitis [2,3,5,7,15] while some showed no 

gender difference [4,11,13,22].  

The association between drug-induced hepatitis and the severity of tuberculosis is also 

contentious. Although a few studies demonstrated a positive finding [1,2,9], our study and 

another among Chinese patients [4] showed no association.  

We found a higher proportion of patients with severe hepatitis among those who started 

treatment in the clinic than the counterpart in the hospital. This may be attributed to early 

diagnosis of drug-induced hepatitis in the hospital achieved by more frequent routine 

monitoring of liver biochemistry. Although the current study was not specifically designed to 

address the usefulness of routine monitoring for drug-induced hepatitis, it is noteworthy that 

one of the four fatalities was asymptomatic despite having ALT above 10 times ULN at 

diagnosis of hepatitis. In view of a case-fatality rate of 6.5% for the age group above 64 years, 
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a considerable proportion of asymptomatic hepatitis (20.5% of cases with ALT at least five 

times ULN and 45.5% of cases with ALT below five times ULN), and the predominance of 

hepatitis in the first two months, it may be prudent to monitor liver biochemistry bi-weekly 

during this period for high-risk patients.  

 In summary, age above 49 years and HBsAg carriage increase the risk of drug-induced 

hepatitis. Dosing schedules of standard pyrazinamide-containing regimens have little impact 

on hepatotoxicity in the first nine weeks.  
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Table 1. - Results of univariate conditional logistic regression analysis of drug-induced 

hepatitis  

Predictor variables (first subgroup is reference) 

Case 

(n=96) 

% 

Control 

(n=192) 

% 

OR (95% CI) ¶

Gender 

 

Male  

Female 

67.7 

32.3 

67.7 

32.3 

NA 

 

Age (years) 

 

 

 

 

< 35 

35 to 49 

50 to 64 

65 to 79 

80 and above 

19.8 

18.8 

25.0 

25.0 

11.5 

19.8 

18.8 

25.0 

25.0 

11.5 

NA 

 

 

 

 

Ethnicity Chinese 

Non-Chinese 

93.8 

6.3 

98.4 

1.6 

 

2.1 (0.9-4.7) 

Residence 

status 

Permanent residents 

Residence < 7 years 

93.8 

6.3 

96.9 

3.1 

 

NS 

Marital status 

 

Being married 

Others 

80.2 

19.8 

78.6 

21.4 

 

NS 

Employment 

status 

Employed 

Others 

41.7 

58.3 

39.6 

60.4 

 

NS 

Elderly home 

residents 

No 

Yes 

96.9 

3.1 

90.1 

9.9 

 

1.4 (0.1-1.2) 

Smoking 

history 

 

Non-smoker 

Ever-smoker 

Unknown 

40.6 

52.1 

7.3 

37.5 

55.2 

7.3 

 

NS+ 
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Drinking 

history 

(Non-drinker/Social drinker)+Unknown

Ever-drinker 

29.2+54.2

16.7 

16.7+75.5 

7.8 

 

1.7 (1.0-2.8) 

Place starting 

treatment 

Chest clinics 

Outside chest clinics (mainly hospitals) 

46.9 

53.1 

61.5 

38.5 

 

1.5 (1.0-2.2) 

Past 

tuberculosis 

No 

Yes 

88.5 

11.5 

87.0 

13.0 

 

NS 

Chronic 

disease groups 

Nil 

Other than chronic liver diseases 

Chronic liver diseases (including 

HBsAg or HCV carriers) 

38.5 

42.7 

18.8 

54.7 

38.5 

6.8 

 

1.4 (0.9-2.1) 

2.2 (1.3-3.9) * 

 

HBsAg 

carriers 

No + Unknown 

Yes 

65.6+17.7

16.7 

20.8+73.4 

5.7 

 

1.9 (1.1-3.3) * 

HCV carriers 

 

No + Unknown 

Yes 

8.3+90.6 

1.0 

2.1+96.9 

1.0 

 

NS 

Site of 

tuberculosis 

Involving pulmonary 

Extrapulmonary only 

81.3 

18.8 

79.7 

20.3 

 

NS 

Extent of 

pulmonary 

disease 

< right upper lobe + < right lung 

> right lung 

Unknown 

52.6+29.5

14.1 

3.8 

52.9+32.0 

11.8 

3.3 

 

NS+ 

 

DOT at chest 

clinic (%) 

< 75 

75 to 100 

56.3 

43.8 

49.0 

51.0 

 

NS 

Dosing 

schedules # 

Thrice-weekly 

Mixed + daily 

20.8 

10.4+68.8

27.6 

7.3+65.1 

 

NS 
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Dosing 

schedules # 

 

 

 

Thrice-weekly 

Mixed + daily; Z < 30 mg/kg/day 

Mixed + daily; Z=30 to < 35 mg/kg/day

Mixed + daily; Z = or > 35 mg/kg/day 

Mixed + daily; Z = unknown 

20.8 

2.1+21.9 

3.1+24.0 

4.2+21.9 

1.0+1.0 

27.6 

2.1+22.4 

2.6+22.4 

2.6+19.8 

0+0.5 

 

 

 

NS+ 

  

HBsAg: hepatitis B surface antigen; HCV: Hepatitis C; DOT: directly observed treatment; Z: 

pyrazinamide; OR: odds ratio; CI: confidence interval; NA: not applicable because of 

matching; NS: non-significant with p > 0.2. *: p= or < 0.05; #: mixed schedules referred to the 

coexistence of thrice-weekly and daily regimens when both were less than 90%; dosing 

schedules would be regarded as daily or thrice-weekly when either one exceeded 90%;  ¶: 

numerical values shown only when p values of main entry = or <0.2; +: excluding unknown 

from analysis. 
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Table 2. - Clinical profiles of four patients who died after developing drug-induced hepatitis. 

Gender Age 

(years) 

Onset of 

hepatitis 

(weeks) 

HBsAg HCVAb Drinking 

history 

Predominant 

hepatotoxic 

drugs within 

last 4 weeks

Symptoms# ALT# 

(U/L) 

Bilirulin#

(umol/L)

Male* 69 6 + NA NA H, R, Z NA 149 Normal 

Female 91 8.4 NA NA NA H, R NA 27 55 

Male 67 17.3 + NA NA H, R, Z Tiredness 761 73 

Male 75 27 NA NA NA H, R No 750 162 

 

HBsAg: hepatitis B surface antigen; NA: not available; HCV: Hepatitis C; H: isoniazid; R: 

rifampicin; Z: pyrazinamide; U/L: unit per litre; umol/L: micromole per litre. *: Overdosed 

with pyrazinamide 3500 mg daily;  #: at the time of diagnosis.



 18

Table 3. - Multiple conditional logistic regression analysis of drug-induced hepatitis  

Model A¶ Model B+ Predictor variables# 

OR (95% CI) OR (95% CI) 

Dosing schedules being mixed or daily 1.1 (0.6-1.9) 1.1 (0.6-1.9) 

Non-Chinese 1.9 (0.8-4.4) 1.8 (0.8-4.1) 

Elderly home residents 0.3 (0.1-1.0) 0.4 (0.1-1.2) 

Treatment started in the hospital 1.6 (1.0-2.5) 1.5 (0.9-2.4) 

HBsAg carriers NA 1.8 (1.1-3.1) * 

Ever-drinkers NA 1.4 (0.8-2.5) 

 

HBsAg: hepatitis B surface antigen; OR: odds ratio; CI: confidence interval; NA: not 

applicable. *: p = or <0.05; #: test for multi-collinearity showed that HBsAg carrier status was 

significantly correlated with chronic liver disease subgroup under coexisting disease group, 

which was thus excluded from the conditional logistic risk model; ¶: excluding ever-drinkers 

and HBsAg carriers; +: including ever-drinkers and HBsAg carriers. 

  

  

 

 


