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Characteristics and risk factors for antituberculosis 
drug-induced liver injury in a cohort of patients 
with cirrhosis in a tertiary referral university 
teaching hospital in Thailand
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Sombat Treeprasertsuk1, Rungsun Rerknimitr1, Roongruedee Chaiteerakij1,*

Abstract

Background: Cirrhotic patients are susceptible to drug toxicity, which presents frequently with antituberculosis drug 
(ATD) treatment. Previous studies of ATD-induced liver injury (ATDILI) in cirrhotics have been limited to patients 
with early-stage cirrhosis.
Objectives: To describe characteristics and determine risk factors for ATDILI in cirrhotic patients.
Methods: We included 64 cirrhotic patients treated with ATDs between 2006 and 2016 in a tertiary referral university 
teaching hospital in Bangkok, Thailand. Cirrhosis was diagnosed by radiological features, including small-sized 
nodular liver and/or caudate lobe hypertrophy or evidence of portal hypertension (collateral vessels, varices, and/or 
splenomegaly). Clinical information was retrospectively abstracted. Characteristics of patients with ATDILI vs. those 
without ATDILI were compared.
Results: Six (9.4%) patients developed ATDILI with the median duration from ATD initiation of 14  days (range: 
6–66). All the 6 patients who developed ATDILI received 3 hepatotoxic ATDs (isoniazid, rifampin, and pyrazinamide) 
and had Child–Turcotte–Pugh class B cirrhosis. The patients with ATDILI were found to have a higher percentage of 
human immunodeficiency virus (HIV) infection than patients without ATDILI (50% vs. 8.6%; P = 0.02).
Conclusions: Cirrhotic patients, particularly those with underlying HIV infection, are at risk of developing ATDILI. 
Pyrazinamide should be used cautiously in cirrhotic patients due to the significantly increased risk of ATIDLI. This 
study supports the current recommendation for the use of ATD in patients with cirrhosis; however, the ATD regimen 
should be carefully selected, particularly for cirrhotic patients with HIV infection.
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Tuberculosis and cirrhosis continue to be major public health 
burdens, particularly in developing countries. Tuberculosis is 
a leading cause of death worldwide, with 1.5 million deaths 
attributed to this disease in 2014 alone [1]. Annually, an esti-
mated 9.5 million patients develop symptomatic tuberculosis 
and 1.4 billion USD is spent for tuberculosis treatment world-
wide [1]. There is little research on the impact of tuberculo-
sis in cirrhotic patients; however, patients with cirrhosis have 
a 3–15-fold greater risk of tuberculosis infection than the 
general population [2], which is likely due to impaired immu-
nity and malnutrition [2, 3].

First-line treatment of tuberculosis includes a combina-
tion of the following 4 oral drugs: isoniazid, rifampin, pyra-
zinamide, and ethambutol. All of these antituberculosis drugs 
(ATDs), except ethambutol, are considered hepatotoxic, 
because they can lead to ATD-induced liver injury (ATDILI) 
[4, 5] with higher rates of complication and mortality than 
other antibiotic agents [6]. Isoniazid and pyrazinamide cause 
hepatocyte injury by inducing the formation of free radical 
species, which leads to hepatocyte damage. In addition, iso-
niazid metabolites (e.g., acetyl hydrazine) are directly toxic 
to hepatocytes [7]. Differently, rifampin causes cholestasis by 
competing with enzymes that are used in bilirubin uptake and 
excretion [5]. All of these 3 drugs are reported to induce liver 
injury commonly via drug hypersensitivity [5].

Based on the national database in Thailand, cirrhosis and 
having concomitant disease such as human immunodeficiency 
virus (HIV) infection are associated with drug-induced liver 
injury (DILI). Notably, ATDs are 1 of the 2 most common 
causes of DILI [8]. The incidence of ATDILI in patients 
without cirrhosis ranges from 8% to 16% [9–15] depending on 
the diagnostic criteria for ATDILI, the study population, and 
the ATD regimen used. Female sex [9, 10], older age [9, 16, 
17], chronic alcohol consumption [14, 15], and chronic viral 
hepatitis B infection (HBV) [14, 18] have all been reported 
as factors that increase the risk of ATDILI. In addition, ele-
vated baseline serum liver enzyme level [19], total bilirubin 
(TB) [14], and decreased serum albumin [14, 17] are shown to 
increase the likelihood of ATDILI.

Individuals with cirrhosis may be at higher risk of develo-
ping ATDILI than those without cirrhosis, with incidences of 
8%–27% vs. 2%–10% in cirrhotic vs. noncirrhotic patients, res-
pectively [19–21]. A recent study in cirrhotic patients found that 
35% of cirrhotics developed ATDILI, and all these patients had 
Child–Turcotte–Pugh (CTP) class B or C cirrhosis [22]. Data 
on risk factors for ATDILI in cirrhotic patients, particularly 
those with advanced cirrhosis, are limited. Park et al. reported 
that female sex, increased number of hepatotoxic ATDs, and 
high baseline alkaline phosphatase (ALP) were factors associ-
ated with the development of ATDILI in a cohort of patients  

with chronic hepatitis and/or early-stage cirrhosis [19]. In this 
study, only a few patients with end-stage cirrhosis (CTP class C)  
were included. Another case–control study, by Shin et al., 
compared the risks of ATDILI in patients with and without 
cirrhosis [20]. They found that isoniazid and rifampin can be 
used safely in patients with cirrhosis; however, this study did 
not include any patients with advanced cirrhosis (CTP class C). 
Due to the limitations of previous studies, we therefore aimed 
to identify potential risk factors for ATDILI in cirrhotic patients,  
particularly patients with advanced-stage cirrhosis.

Materials and methods
Study patients

A retrospective cohort study of cirrhotic patients with tuber-
culosis was conducted at King Chulalongkorn Memorial Hos-
pital, Bangkok, Thailand. This study was approved by the 
Chulalongkorn University Faculty of Medicine Institutional 
Review Board (IRB No. 547/58; approval No. 1058/2016) and 
the study followed the principles of the contemporary revi-
sion of the Declaration of Helsinki. The study period was from 
January 1, 2006, to April 30, 2016. All patients aged 18 years 
and over and potentially diagnosed with cirrhosis and tubercu-
losis were identified using the following International Classi-
fication of Diseases, tenth revision, Thai Modification (ICD-
10-TM) codes: A15–A19 for tuberculosis, and K70.3, K74, 
K76.1 for cirrhosis. The initial inclusion criteria were satisfied 
in 221 patients. Tuberculosis was defined by positive micro-
biological tests—either acid-fast stain or culture. Clinical pre-
sentation in combination with radiological images including 
chest x-ray images and/or computed tomography (CT) compa-
tible with tuberculosis was also accepted for the diagnosis of 
tuberculosis. Cirrhosis was diagnosed by radiological charac-
teristics on abdominal ultrasound, CT, and magnetic resonance 
(MR) imaging, including small-sized nodular liver and/or 
caudate lobe hypertrophy or evidence of portal hypertension 
(collateral vessels, varices, and/or splenomegaly).

Data collection

Data on demographics, underlying diseases, etiology of cir-
rhosis, severity of cirrhosis as defined by CTP score/class 
and model for end-stage liver disease (MELD) score, labo-
ratory tests, and ATD regimen received were abstracted. The 
ATD regimen prescribed to each individual patient was based 
on physician’s judgment. Other drugs known to be hepa-
totoxic, e.g., chemotherapy, immunosuppressive agents, or 
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antiretroviral drugs, were also abstracted. Because there are 
currently no definite criteria for the diagnosis of DILI specifi-
cally in cirrhotic patients [23–25], the criteria proposed in pre-
vious studies were used in this study. The criteria had different 
cutoffs for patients with normal and abnormal liver enzymes 
at baseline [19, 26]. Patients were diagnosed with ATDILI if 
they met any 1 of the following criteria [19, 26]:
(1)	 Elevated aspartate aminotransferase (AST), alanine tran-

saminase (ALT), or ALP levels ≥3 times of upper limit of 
normal (ULN) if the baseline level was normal (n = 3).

(2)	 Elevated AST, ALT, or ALP levels ≥1.5 times of the base-
line level if the baseline level was elevated (n = 3).

Patients who had an elevation of AST, ALT, or ALP due to other 
identifiable causes, e.g., chronic hepatitis B and C infection or 
septic shock, were not considered as having ATDILI. For pati-
ents who had elevated liver enzymes while receiving ATDs and 
other drugs concomitantly that are potentially hepatotoxic, e.g., 
antiretroviral drugs, the most recent drug that was initiated or 
the drug whose dosage was increased was considered as a cause 
of DILI. Patients with an elevation of liver enzymes within 
<3 days after ATD initiation with or without other events inclu-
ding infection were not considered as having ATDILI.

Statistical analyses

For baseline characteristics, continuous variables are presented 
as mean ± standard deviation (SD) or median and interquartile 

Figure 1. Flowchart of studied patients. ATD, antituberculosis drug; ATDILI, antituberculosis drug-induced liver injury

range (IQR), and categorical variables are shown as percenta-
ges. Differences between the ATDILI and non-ATDILI groups 
were analyzed using a Student t test or Mann–Whitney U test 
for continuous variables with normal distribution and skewed 
distribution, respectively, and by a chi-squared or Fisher exact 
test for categorical variables, as appropriate. Analysis was con-
ducted using IBM SPSS Statistics for Windows (version 22). 
P < 0.05 was considered to be significant in the tests of stati-
stical inference.

Results

An initial medical record review of 221 patients potentially 
eligible for the study was performed. We excluded 88 pati-
ents who had insufficient evidence supporting a diagnosis of 
cirrhosis, i.e., no radiological imaging results available for 
review, and 19 patients who lacked sufficient proof for a dia-
gnosis of tuberculosis. The medical records of 114 cirrhotic 
patients with tuberculosis were subsequently reviewed care-
fully, and 50 further patients were excluded for a variety of 
reasons: 7 had died before starting ATDs; 5 had septic shock 
during the first 30 days after ATD initiation; 5 were given ATD 
regimen not containing isoniazid, rifampin, or pyrazinamide; 
2 were exposed to ATDs for less than 3 days. Another 31 pati-
ents who had insufficient information in their medical records 
were also excluded (Figure 1). The final cohort comprised 
64 cirrhotic patients with tuberculosis, of whom 50 and 14 
were diagnosed with tuberculosis by microbiological tests and 
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combined clinical presentation and radiological imaging, res-
pectively (Table 1).

Of the 64 cirrhotic patients included in the analysis, 45 
(70%) were male with a mean (SD) age of 54.4 (13.2) years. 
The diagnosis of cirrhosis was made by the characteristics of 
cirrhosis and portal hypertension found in either ultrasound  
(n = 32, 50%), CT (n = 19, 30%), or MR (n = 13, 2%) images. 
Sixteen (27%), 32 (53%), and 12 (20%) patients had CTP class 
A, B, and C cirrhosis, respectively; 4 patients lacked sufficient 
information to determine the CTP class. The most common 
cause of cirrhosis was alcohol (n = 21, 33%), followed by 
HBV and viral hepatitis C infection (HCV) (n = 13, 20%). The 
most common site of tuberculosis infection was lung and/or 
pleura (n = 40, 64%), followed by disseminated tuberculosis 
with 2 or more infected organs (n = 17, 27%), and extrapul-
monary tuberculosis (n = 6, 10%; 1 patient with missing data 
on the site of tuberculosis infection). No patients received con-
comitant cancer chemotherapy or immunosuppressive drugs. 
Initial ATDs were prescribed to each individual patient based 

on the judgment of the physician. The ATD regimen comprised 
3 hepatotoxic drugs (isoniazid, rifampin, and pyrazinamide) 
was given to 8/16 (50%) of the CTP patients in class A, 22/32 
(69%) of patients in class B, and 5/12 (42%) of patients in 
class C patients (Table 2). The numbers of cirrhotic patients 
in CTP classes A, B, and C who received the regimen with 2 
hepatotoxic drugs (isoniazid and rifampin) and 1 hepatotoxic 
drug (either isoniazid or rifampin) are summarized in Table 2.

There were 6 (9.4%) cirrhotic patients who developed 
ATDILI (Tables 3 and 4). The median duration from the ini-
tiation of ATDs to the development of ATDILI was 14 days 
(range: 6–66). All 6 patients had elevated AST or ALT levels 
with the median AST/ALT level of 47/24 at baseline and 
205/112 when ATDILI was detected. The detailed information 
for each patient developing ATDILI is summarized in Table 5. 
Interestingly, there were more patients with HIV infection in 
the ATDILI group than in the non-ATDILI group (50% vs. 9%; 
P = 0.02). In addition, white blood cell count was significantly 
higher in the ATDILI group, compared with the non-ATDILI 
group, with median (range) of 12,010 (7,010–23,310)/mL 
vs.  6,375 (1,610–18,900)/mL (P = 0.01). All patients who 
developed ATDILI had CTP class B cirrhosis. However, there 

Table 1. Characteristics of tuberculosis in the study cohort

Features n (%)

Organs of tuberculosis infection†

Pulmonary 40 (64%)
Extrapulmonary 6 (10%)
Disseminated (≥2 organs involved) 17 (27%)
Diagnostic methods for tuberculosis‡

Biopsy 12 (19%)
PCR 20 (31%)
AFB smear 18 (28%)
CT imaging 1 (2%)
Chest x-ray imaging 10 (16%)
Clinical diagnosis 3 (5%)

† n = 63; 1 patient had missing data
‡ Patients who had more than 1 method of diagnosis were classified as 
biopsy positive, followed by PCR, AFB, CT, and CXR accordingly based 
on the specificity of the diagnostic test.
AFB, acid-fast bacilli; CT, computed tomography; CXR, chest x-ray ima-
ging; PCR, polymerase chain reaction

Table 2. Initial antituberculosis regimen according to Child–Turcotte–Pugh class

Initial antituberculosis drugs regimen (number of patients)

Three hepatotoxic drugs Two hepatotoxic drugs One hepatotoxic drug

CTP class A (n = 16) IRZE (8) IRE (7) IEOS (1)
CTP class B (n = 32) IRZE (21), IRZES (1) IRE (6), IREO (1), IREOS (1), IREL (1) IE (1)
CTP class C (n = 12) IRZE (5) IRE (5) IEOS (1), REO (1)
Not classified (n = 4) IRZE (2) IRE (2) –

CTP, Child–Turcotte–Pugh; E, ethambutol; I, isoniazid; L, levofloxacin; O, ofloxacin; R, rifampin; S, streptomycin; Z, pyrazinamide

Table 3. Comparison of drug-induced liver injury risk factors for each 
of Child–Turcotte–Pugh score

CTP class A CTP class B CTP class C

Encephalopathy None Grade 1–2 Grade 3–4
  ATDILI, n (%) 6 (100%) 0 0
Ascites None Mild to moderate Severe
  ATDILI, n (%) 2 (33%) 1 (17%) 3 (50%)
Bilirubin, mg/dL <2 2–3 >3
  ATDILI, n (%) 6 (100%) 0 0
Albumin, g/dL >3.5 2.8–3.5 <2.8
  ATDILI, n (%) 0 0 6 (100%)
INR <1.7 1.7–2.3 >2.3
  ATDILI, n (%) 6 (100%) 0 0

ATDILI, antituberculosis drug-induced liver injury; CTP, Child–Turcotte–
Pugh; INR, international normalized ratio
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was no significant difference in the CTP score between the 
ATDILI group and the non-ATDILI group, with a median 
(range) of 8 (7–9) and 7 (5–13), respectively (P = 0.66). 
All patients (6/6, 100%) in the ATDILI group received ATD 
regimen containing 3 hepatotoxic drugs (isoniazid, rifampicin, 
and pyrazinamide), whereas only 31/58 (53%) patients in the 
non-ATDILI group received 3 hepatotoxic ATDs and 4 (7%) 
and 23 (40%) patients in the non-ATDILI group received 1 
and 2 hepatotoxic ATDs, respectively, P = 0.09.

There were no significant differences in sex, age, etio-
logy of cirrhosis, or median score of CTP and MELD between 

the 2 groups. Similarly, baseline laboratory results including 
serum aspartate aminotransferase (AST), alanine transaminase 
(ALT), tuberculosis, hemoglobin, albumin, and international 
normalized ratio (INR) were not different between the groups.

Among the 6 patients (4 non-HIV and 2 HIV-infected) 
who developed ATDILI, the concomitant medications used by 
the 4 non-HIV patients included insulin Mixtard, tamsulosin, 
tenofovir, lamivudine, and levothyroxine. These drugs are not 
considered as hepatotoxic [24]. However, the other 2 HIV-
infected patients took nevirapine, stavudine, and efavirenz, 
which are known to be hepatotoxic.

Table 4. Baseline characteristics of study patients

Characteristic ATDILI (n = 6) non-ATDILI (n = 58) P

Age (years), mean ± SD (range) 54 ± 13 (39–69) 55 ± 13 (25–89) 0.86
Male, n (%) 5 (83%) 40 (69%) 0.66
Cause of cirrhosis, n (%)
  HBV 0 (0%) 13 (22%) 0.33
  HCV 2 (33%) 11 (19%) 0.59
  Alcohol 1 (17%) 20 (35%) 0.65
Comorbid conditions, n (%)
  HIV 3 (50%) 5 (9%) 0.02
  DM 1 (17%) 17 (29%) 0.67
  CKD and ESRD 0 (0%) 8 (14%) <0.001
CTP class, n (%)† 0.054
  A 0 (0%) 16 (30%)
  B 6 (100%) 26 (48%)
  C 0 (0%) 12 (22%)
CTP score, median (range)‡ 8 (7–9) 7 (5–13) 0.66
MELD score, median (range)§ 12.4 (10.2–14.5) 11.7 (6.4–29.1) 0.76
Number of hepatotoxic ATDs, n (%) 0.09
  1 0 (0%) 3 (5%)
  2 0 (0%) 24 (41%)
  3 6 (100%) 31 (53%)
Pyrazinamide in initial ATDs 6 (100%) 31 (53%) 0.04
Baseline laboratory results, median (range)
  Total bilirubin, mg/dL 1.2 (0.4–2.6) 1.3 (0.3–7.0) 0.61
  AST, U/L 47 (18–67) 44 (9–406) 0.54
  ALT, U/L 24 (9–41) 23 (1–181) 0.55
  ALP, U/L 213 (143–362) 131 (48–615) 0.13
Albumin, g/dL 2.9 (1.9–3.0) 2.9 (1.5–4.2) 0.25
Creatinine, mg/dL 0.7 (0.3–1.4) 0.8 (0.4–8.8) 0.41
Hemoglobin, g/dL 9.0 (7.7–9.8) 10.0 (7.0–15.2) 0.14
Platelet count/mL 265,000 (27,000–334,000) 152,000 (64,000–511,000) 0.44
White blood cell count/mL 12,010 (7,010–23,310) 6,375 (1,610–18,900) 0.01
INR 1.3 (1.2–1.4) 1.3 (0.9–2.5) 0.94

†n = 60; 4 patients in the non-ATDILI group had missing data for CTP class.
‡n = 58; 6 patients in the non-ATDILI group had missing data.
§n = 50; 2 and 12 patients in the ATDILI and non-ATDILI groups had missing data.
ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; ATD, antituberculosis drug; ATDILI, antituberculosis drug-
induced liver injury; CKD, chronic kidney disease; CTP, Child–Turcotte–Pugh; DM, diabetes mellitus; ESRD, end-stage renal disease; HBV, viral he-
patitis B infection; HCV, viral hepatitis C infection; HIV, human immunodeficiency virus infection; INR, international normalized ratio; MELD, model 
for end-stage liver disease; TB, total bilirubin
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Subgroup analysis of cirrhotic patients who received 

ATD regimen containing 3 hepatotoxic drugs

Because ATDILI developed exclusively in cirrhotic patients 
who received 3 hepatotoxic drugs (the first-line ATD regimen), 
we performed a subgroup analysis of 37 patients who recei-
ved an ATD regimen containing 3 hepatotoxic drugs (Table 
6). Of these, 6 (16%) patients developed ATDILI. All patients 
who developed ATDILI had CTP class B cirrhosis. There were 
more patients with HIV infection in the ATDILI group than the 
non-ATDILI group (50% and 13%, P = 0.07). Other factors 
were not statistically different between the 2 groups.

Discussion

The present study sought to determine risk factors for ATDILI 
in cirrhotic patients. Our finding suggests that the 3 hepato-
toxic ATD regimens containing a pyrazinamide increase the 
risk for ATDILI in patients with cirrhosis. HIV infection and 
elevated white blood cell count also appear to be associated 
with an increased risk of developing ATDILI in patients with 
cirrhosis.

Making an accurate diagnosis of ATDILI in cirrhotics is 
challenging, because diagnostic criteria for ATDILI specifi-
cally for cirrhotic patients have not yet been established. The 
diagnostic criteria for ATDILI currently stated in most guide-
lines are based on “normal” liver enzyme levels at baseline 
[24, 25]. However, this is not always applicable to cirrhotic 
patients, because they tend to have alternating and elevated 
liver enzyme levels. Accordingly, Park et al. recently proposed 
diagnostic criteria of ATDILI for patients with chronic liver 
disease and cirrhosis [19]. In brief, ATDILI was diagnosed if 
liver enzyme levels increased ≥ 3 times the ULN for cirrhotic 
patients with normal liver enzyme levels at baseline or if liver 
enzyme levels increased  ≥  1.5 times of baseline values for 
those with elevated liver enzyme levels at baseline.

Overall, the incidence of ATDILI in the present study 
was 9% and increased to 16% in patients who received an 
initial ATD regimen containing 3 hepatotoxic drugs, i.e., 
isoniazid, rifampicin, and pyrazinamide. The incidence was 
concordant with previously reported incidence of 8%–27% 
among cirrhotics [19–21]. Patients with cirrhosis have a 
tendency to have liver injury due to impaired baseline liver 
function. Also, the half-life of ATDs is lengthened in patients 
with cirrhosis due to a decreased ability to metabolize these 
drugs [21]. Interestingly, all patients who developed ATDILI 
in this study had CTP class B cirrhosis, while none of CTP 
class C cirrhotics developed ATDILI. This finding is counter-
intuitive, but can be explained by the concern of physicians 
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for ATDILI in patients with advanced liver disease, and pati-
ents with CTP class C cirrhosis were likely to receive a lesser 
number of hepatotoxic ATDs [22]. In the present study, only 
42% of patients with CTP class C cirrhosis received an ATD 
regimen containing 3 hepatotoxic drugs, while up to 69% of 
patients with CTP class B cirrhosis received a regimen with 
3 hepatotoxic drugs.

In the present study, ATDILI occurred exclusively in pati-
ents who received 3 hepatotoxic ATDs including isoniazid, 
rifampicin, and pyrazinamide. As consistent with previous 
studies, increasing the number of hepatotoxic drugs in the ATD 
regimen was shown to be associated with a greater chance of 
developing ATDILI [19, 27]. Park et al. found that adding 1 
hepatotoxic drug to the ATD regimen increased ATDILI risk 
by 2.37-fold [19]. Steele et al. reported that adding rifampicin 
to the ATD regimen containing isoniazid significantly increa-
sed ATDILI incidence from 1.6% to 2.6% [27].

The finding of HIV infection as a potential risk factor for 
ATDILI in patients with cirrhosis is a new observation. To 

our knowledge, no previous study has mentioned this finding 
in cirrhotics. Previous study suggested that HIV infection 
increased the risk of ATDILI in patients with no underlying 
chronic liver diseases [28]. The risk is possibly due to an alte-
ration of the oxidative pathway in patients with HIV infec-
tion [29]. Another possible cause is concomitant hepatotoxic 
antiretroviral therapy and other concomitant medications for 
opportunistic infection (e.g., antifungal agents) [30]. In the 
present study, of the 3 cirrhotic patients with HIV infection 
who developed ATDILI, 2 received concurrent antiretrovi-
rals known to be hepatotoxic, i.e., nevirapine, stavudine, and 
efavirenz. However, the patients had received antiretroviral 
drugs without changing the regimen for 4 and 16 years before 
the initiation of ATDs; thus, it was unlikely that antiretroviral 
drugs caused liver injury. In the main analysis of the data, 
we found that cirrhotic patients with HIV infection had a 
higher proportion of those who developed ATDILI, i.e., 50% 
vs. 9%. Likewise, the subgroup analysis of patients receiving 
3 hepatotoxic drugs found that 4 (50%) of cirrhotic patients 

Table 6. Baseline characteristics of cirrhotics receiving 3 hepatotoxic antituberculosis drugs (isoniazid, rifampin, and pyrazinamide)

Characteristics ATDILI
(n = 6)

Non-ATDILI
(n = 31)

P

Age (years), mean ± SD (range) 54 ± 13 (39–69) 54 ± 13 (25–89) 0.65
Male, n (%) 5 (83%) 21 (68%) 0.65
Cause of cirrhosis, n (%)
  HBV 0 (0%) 6 (19%) 0.24
  HCV 2 (33%) 5 (16%) 0.32
  Alcohol 1 (17%) 12 (39%)
Alcohol consumption, n (%)
Comorbid conditions, n (%)
  HIV 3 (50%) 4 (13%) 0.07
  DM 1 (17%) 12 (39%) 0.39
  CKD and ESRD 1 (13%) 7 (23%) 0.57
CTP class, n (%)* 0.12
  A 0 (0%) 8 (28%)
  B 6 (100%) 16 (55%)
  C 0 (0%) 5 (17%)
CTP score, median (range)** 8 (7–9) 7 (5–13)
MELD score, median (range)*** 12.4 (10.2–14.5) 12.4 (6.4–23.5) 0.51
Baseline laboratory results, median (range)
   Total bilirubin, mg/dL 1.2 (0.4–2.6) 1.2 (0.3–7.0) 0.67
  AST, U/L 47 (18–67) 44 (12–406) 0.46
  ALT, U/L 24 (9–41) 26 (1–181) 0.48
  ALP, U/L 213 (143–362) 130 (48–615) 0.33
  White blood cell count/mL 12,010 (7,010–23,310) 7,830 (3,580–18,900) 0.06

*n = 35; 2 patients in the non-ATDILI group had missing data.
**n = 34; 3 patients in the non-ATDILI group had missing data.
***n = 26; 2 patients in the ATDILI group and 9 patients in the non-ATDILI group had missing data.
ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; ATD, antituberculosis drug; ATDILI, antituberculosis drug-
induced liver injury; CKD, chronic kidney disease; CTP, Child–Turcotte–Pugh; DM, diabetes mellitus; ESRD, end-stage renal disease; HBV, viral hepa-
titis B infection; HCV, viral hepatitis C infection; HIV, human immunodeficiency virus infection; MELD, model for end-stage liver disease
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with HIV infection and 3 (13%) of cirrhotic patients without 
HIV infection developed ATDLI; however, the difference 
was not quite significant (P = 0.07), probably the result of 
the small number of patients in the subgroup analysis lacking 
significant power to detect a difference. This finding sug-
gests that cirrhotic patients with HIV infection may have a 
higher chance of developing ATDILI than those without HIV 
infection. Similarly, we found that patients in the ATDILI 
group had a greater number of white blood cells than those 
in the non-ATDILI group. The high white blood cell counts 
are likely a reaction secondary to liver injury rather than a 
factor that increases the chance of developing ATDILI, e.g., 
alcoholic hepatitis. No patients with ATDILI were actively 
drinking alcohol at the time of ATDILI diagnosis; however, 1 
patient with cirrhosis caused by alcohol did not have availa-
ble information on the status of alcohol drinking in their 
medical record.

The earliest ATDILI occurrence observed in this study 
was 6  days. To avoid ATDILI-induced liver failure, liver 
enzyme levels should therefore be monitored within 1 week 
after ATD initiation [31] and repeated periodically for at least 
3  months in all cirrhotic patients. Concordantly, the current 
American Thoracic Society/Centers for Disease Control and 
Prevention/Infectious Diseases Society of America Clinical 
Practice Guidelines state that a liver function test should be 
conducted every 1–4 weeks for at least 2–3 months after drug 
initiation [25]. Based on pharmacokinetic studies of ATDs 
thus far, there has been no evidence supporting that a reduc-
tion of rifampin and pyrazinamide dosage would decrease the 
chance of ATDILI. The standard doses of rifampin and pyra-
zinamide are 10 and 25 mg/kg, respectively. Doses up to 35 
and 60 mg/kg of rifampin and pyrazinamide, respectively, do 
not increase the risk of hepatotoxicity, while the effectiveness 
of tuberculosis treatment might increase [32, 33]. There were 
no prior drug pharmacokinetics or dose comparison studies in 
patients with cirrhosis. There are limited data for the dosage of 
isoniazid and its effect.

A strength of this study was that we were able to identify 
factors associated with ATDILI specifically for cirrhotic pati-
ents, because the study cohort comprised cirrhotic patients 
exclusively, while the cohorts in previous studies included 
patients with chronic liver diseases both without cirrhosis 
and with cirrhosis and other studies included cirrhotic and 
noncirrhotic patients as cases and controls, respectively [19, 
20]. However, the present study also has some limitations. 
First, due to the retrospective nature of the study, laboratory 
blood testing schedules varied from physician to physician. 
As a result, some patients who had asymptomatic liver injury 
might have been underdetected. Second, the ATD regimen 
given to each individual patient was prescribed primarily 

based on the decision of the physicians. The risk of deve-
loping ATDILI might therefore have varied, depending on 
the initial regimen. To address this limitation, we conducted 
subgroup analysis of cirrhotics with 3 hepatotoxic ATDs and 
shown the similar trend of increased ATDILI risk in HIV-
infected patients. Third, this study was conducted in a natio-
nal tertiary care hospital. Thus, patients at our center tended 
to have more complicated underlying conditions, which may 
increase the chance of ATDILI. Caution should be exercised 
when applying our results in the context of general hospi-
tals. A relatively large number of patients were excluded 
from the study cohort due to unavailable imaging to confirm 
the diagnosis of cirrhosis. Given the small numbers of pati-
ents included in this study, a future prospective, multicenter 
study is warranted to validate these results and determine its 
generalizability.

Conclusions

ATDILI commonly occurs in cirrhotic patients. Factors poten-
tially associated with ATDILI included the use of all the 3 
hepatotoxic drugs, particularly pyrazinamide, in the initial 
antituberculosis regimen and HIV infection. To reduce the 
hepatotoxicity of ATDs, these factors should be considered 
when prescribing an antituberculosis regimen for cirrhotics. 
Further study with larger cohorts is warranted to validate the 
results in this study.
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