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Metabolic Disorders Are Associated With Drug-Induced
Liver Injury During Antituberculosis Treatment: A
Multicenter Prospective Observational Cohort Study in Korea
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Background. Drug-induced liver injury (DILI) may lead to the discontinuation of antituberculosis (anti-TB) treatment (ATT).
Some studies have suggested that metabolic disorders increase the risk of DILI during ATT. This study aimed to identify risk factors
for DILI, particularly metabolic disorders, during ATT.

Methods. A multicenter prospective observational cohort study to evaluate adverse events during ATT was conducted in Korea
from 2019 to 2021. Drug-susceptible patients with TB who had been treated with standard ATT for 6 months were included. The
patients were divided into 2 groups depending on the presence of 1 or more metabolic conditions, such as insulin resistance,
hypertension, obesity, and dyslipidemia. We monitored ATT-related adverse events, including DILI, and treatment outcomes.
The incidence of DILI was compared between individuals with and without metabolic disorders, and related factors were evaluated.

Results. Of 684 patients, 52 (7.6%) experienced DILI, and 92.9% of them had metabolic disorders. In the multivariable analyses,
underlying metabolic disorders (adjusted hazard ratio [aHR], 2.85; 95% CI, 1.01-8.07) and serum albumin <3.5 g/dL (aHR, 2.26;
95% CI, 1.29-3.96) were risk factors for DILI during ATT. In the 1-month landmark analyses, metabolic disorders were linked to an
elevated risk of DILI, especially significant alanine aminotransferase elevation. The treatment outcome was not affected by the
presence of metabolic disorders.

Conclusions. Patients with metabolic disorders have an increased risk of ATT-induced liver injury compared with controls.
The presence of metabolic disorders and hypoalbuminemia adversely affects the liver in patients with ATT.

Keywords. antitubercular agents; chemical and drug-induced liver injury; metabolic syndrome; risk factors; tuberculosis.
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occurs in an idiosyncratic manner. Only a few patients

. . ® within a few days to weeks, and has no novel biomarkers
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in the Asia-Pacific region, accounting for >20% of DILI
cases [4].

Pulmonary TB, caused by Mycobacterium tuberculosis
(MTB), poses an enormous socioeconomic burden. Over 1.6
million people died from TB in 2021, making it the 13" leading
cause of death worldwide [5]. Despite unremitting efforts to
eradicate TB, it has not been properly controlled in many coun-
tries, including South Korea [6]. Although successful comple-
tion of anti-TB treatment (ATT) is the key to treatment,
nonadherence is a huge hurdle, and DILI is one of the main fac-
tors contributing to nonadherence (10%-15% during the ATT)
[7]. DILI also hinders treatment success rates because of dis-
continuation of medication, suboptimal medication dose due
to elevated liver enzymes, or even changes in regimen to non-
hepatotoxic secondary drugs.

However, the pathogenesis of DILI remains unclear. When
genetically and environmentally susceptible patients are ex-
posed to particular drugs, the modification of drug metabo-
lism or inflammatory immune system activation can cause
liver damage [8]. Drug-related risk factors include drugs un-
dergoing liver metabolism, the production of reactive metab-
olites, and potential drug-drug interactions. Isoniazid (INH),
ethambutol (EMB), rifampin (RIF), and pyrazinamide (PZA)
inevitably carry a higher risk of DILI as they are metabolized,
and their toxic intermediates accumulate in the liver [9].
Underlying metabolic risks, female sex, old age, alcohol in-
take, and underlying liver disease are also considered
host-related risk factors for DILI. Furthermore, TB infection
can modify the host’s metabolic processes, raising concerns
that patients with preexisting metabolic disorders may be
more susceptible to DILI [10]. However, real-world data on
whether the risk of DILI differs based on the presence of met-
abolic disorders are lacking.

Given the relevant practical needs, this study aimed to eval-
uate the association between metabolic disorders and DILI dur-
ing ATT for the first time.

METHOD

Study Design and Population

The data were extracted from the Cohort Study of Pulmonary
Tuberculosis (COSMOTB), a prospective observational
cohort study conducted between 2019 and 2021 in 18
university-affiliated hospitals in South Korea [11]. This study
prospectively and comprehensively collected data on treatment
outcomes and adverse events, including DILI. We extracted
data from the first 6 months of ATT. A total of 1126 patients
were enrolled in the COSMOTB study. We excluded patients
(1) who had RIF-resistant TB (n=45); (2) who were not
ATT naive (n = 187); (3) who received nonstandard ATT (stan-
dard ATT was as follows: 2 months of intensive treatment
[HREZ] + 4 months of continuation therapy [HRE]) (n =27);

(4) who were receiving latent TB treatment before ATT
(n=1); (5) who had baseline moderate to severe liver cirrhosis,
aspartate aminotransferase (AST) >120 U/L, alanine amino-
transferase (ALT)>120 U/L, or total bilirubin >1.5 mg/dL
(n=22); and (6) who had missing data regarding metabolic
diseases or liver function (n = 160) (Figure 1). This study was
approved by the Institutional Review Board of the Catholic
University of Korea (IRB No. C190NDI0458), and informed
consent was obtained from all participants according to the
study protocol.

Follow-up and Data Collection

Demographic, socioeconomic, and clinical data were prospec-
tively collected from enrolled patients using a case report form
upon entry into the study. Baseline demographic variables in-
cluded sex, age, body mass index, waist circumference, alcohol
consumption (regular average consumption of 40 g/d for males
and 20 g/d for females), smoking, and comorbidities. All pa-
tients underwent mycobacterial tests (chest imaging, acid-fast
bacilli smear, mycobacterial culture, nucleic acid amplification
test for the MTB complex, Xpert MTB/RIF assay, and drug sus-
ceptibility test). Baseline biochemical tests included white
blood cells, hemoglobin, platelets, AST, ALT, total bilirubin, al-
bumin, protein, creatinine, blood urea nitrogen, total cholester-
ol, triglyceride, high-density lipoprotein (HDL) cholesterol,
low-density lipoprotein cholesterol, fasting glucose, hemoglo-
bin A1C, hepatitis B surface antigen, and hepatitis C virus an-
tibody. During follow-up, patients underwent several tests,
including liver function tests (at 14 days, 28 days, 2 months,
3 months, 4 months, 5 months, and 6 months after ATT).
Adverse drug reactions and medication compliance were as-
sessed at every regular clinical visit using a predefined checklist.
All patients were followed up until 1 of the following conditions
was met: completion or discontinuation of ATT, death, or the
last hospital visit.

Metabolic Disorders

We defined patients with metabolic disorders as having at least
1 of the following conditions at enrollment [12]: (1) insulin re-
sistance was defined as having a previous diagnosis of diabetes
with or without diabetes medication, fasting serum glucose lev-
el of >126 mg/dL, or hemoglobin A1C >5.6%; (2) hypertension
was defined as having a prior diagnosis of hypertension with or
without medication, systolic blood pressure >130 mmHg, or
diastolic blood pressure >85 mmHg; (3) dyslipidemia was de-
fined as having a previous diagnosis of dyslipidemia, total cho-
lesterol >240 mg/dL, triglycerides >150 mg/dL, or HDL
cholesterol <40 mg/dL for males and 50 mg/dL for females;
(4) obesity was defined as having a waist circumference
>90 cm for males and >80 cm for females or a body mass index
>25 kg/m”.
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Pulmonary tuberculosis patients enrolled in
Cohort Study of Pulmonary Tuberculosis (COSMOTB)
from 2019 to 2021 (n=1126)

Exclusions (n=442)

1) Rifampicin-resistant pulmonary TB (n=45)

2) Not treatment-naive patients (n=187)

3) Nonstandard ATT (n=27)

4) Latent TB treatment before initiation of ATT (n=1)

5) Liver cirrhosis or elevated liver enzyme before medication
n=22)

6) Any missing data (n=160)

[ 684 patients finally enrolled |

Patients with | or more metabolic risks
(n=548)

Abbreviations: TB, tuberculosis; ATT, anti-tuberculosis treatment

Patients without metabolic risks
(n=136)

Figure 1. Flowchart of patient enrollment. Abbreviations: ATT, antituberculosis treatment; TB, tuberculosis.

Study Outcomes

The primary outcome was the identification of the relation-
ship between metabolic disorders and DILI during ATT.
DILI was defined as meeting 1 of the following, whichever
came first [3, 13]: (1) ALT >200 U/L or ALT >120 U/L with
hepatitis symptoms such as nausea, vomiting, epigastric dis-
comfort, abdominal pain, anorexia; (2) AST >200 U/L or
AST >120 U/L with hepatitis symptoms; (3) total bilirubin
>3.0 mg/dL or total bilirubin >1.5 mg/dL with hepatitis
symptoms. We also evaluated the favorable outcomes of
ATT according to metabolic disorders, such as cure (bacterio-
logically defined smear- or culture-negative in the last month
of ATT with at least once more previously) or treatment com-
pletion (completing treatment without evidence of treatment
failure, which is defined as smear- or sputum-positive at the
fifth month of ATT or later but without records of smear-
or culture-negative in the last month of ATT with at least
once more previously, either unavailable or incomplete
test). Unfavorable outcomes were defined as a prolonged
ATT of >6 months due to any cause, loss to follow-up, or
death during ATT.

Statistical Analysis

Data were summarized as the mean + SD for continuous vari-
ables and number with percentage for categorical variables. The
t test or Mann-Whitney U test was applied for continuous var-
iables, and the chi-square or Fisher exact test was applied for
categorical variables. Changes in liver enzymes during ATT
were analyzed using a random coefficient model. The cumula-
tive incidence of DILI was estimated using the Kaplan-Meier
method and compared using the log-rank test. We used multi-
variable Cox proportional hazards models to identify the risk
factors for DILI in patients with ATT. To evaluate early-onset

liver enzyme elevation events within the first 35 days of ATT,
we analyzed data from the second clinical visit after enrollment.
We also analyzed patients who had at least 35 days of follow-up
without liver enzyme elevation to determine the cumulative ef-
fect of ATT on liver injury. Furthermore, propensity score (PS)
matching was conducted using age, sex, and viral hepatitis as
variables using the nearest-neighbor method (1:1 matching
with a caliper size of 0.1). A P value of <.05 was considered stat-
istically significant. Statistical analyses were conducted using R
software, version 4.1.3.

RESULT

Clinical Characteristics of the Study Population

The study population was comprised of 684 patients with pul-
monary TB who initially received the standard ATT. The
baseline characteristics of the patients are described in
Table 1. The mean age was 59.9 +17.5 years, and 63.0%
were male. A total of 548 (80.1%) participants had at least 1
metabolic disorder. Hypertension or high blood pressure
(67.7%) was the most common metabolic disorder, followed
by insulin resistance (66.6%), dyslipidemia (41.1%), and obe-
sity (19.2%). The patients with metabolic disorders were older
(62.9+16.2 vs47.8 + 17.6; P < .001), consumed more alcohol
(17.5% vs 9.6%; P=.032), and had a higher Charlson comor-
bidity index (CCI; 1.3 + 1.4 vs 0.3 +0.9; P <.001). The prev-
alence of viral hepatitis did not differ between the 2 groups.
The proportion with extrapulmonary organ involvement
among all the study participants was 10.1%, and none of
them had liver involvement. Favorable outcomes of ATT
were not significantly different between the 2 groups (without
metabolic disorders group [78.5%] vs with metabolic disor-
ders group [71.8%]; P=.152).
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Table 1. Clinical Characteristics of the Study Population

Total Without Metabolic Disorders® With Metabolic Disorders? P Value
(n=684) (n=136) (n=548)

Demographic characteristics
Age, y 59.9+175 478+17.6 62.9+16.2 <.001
Male sex, No. (%) 431 (63.0) 81 (59.6) 350 (63.9) 405
Smoking, No. (%) 216 (31.6) 44 (32.4) 172 (31.4) .909
Alcohol, No. (%) 109 (15.9) 13 (9.6) 96 (17.5) .032
Body mass index, kg/m? 21.8+3.6 20.4+28 222 +3.7 <.001
Charlson comorbidity index 1.1+1.4 0.3+0.9 1.3+1.4 <.001
Hepatitis B virus, No. (%) 22 (3.2) 3(2.2) 19 (3.5) 635
Hepatitis C virus, No. (%) 7 (1.0) 1(0.7) 6(1.1) >.999

Metabolic disorders
No. of metabolic disorders
1 198 (28.9) 198 (36.1)

2 208 (30.4) 208 (38.0)
3 116(170) 116 (21.2)
4 6(3.8) 26 (4.7)

Diabetes 365 (563.4) 365 (66.6)
Hypertension 371 (54.2) 371 (67.7)
Central obesity 105 (15.4) 105 (19.2)
Imbalance of lipid profile 225 (32.9) 225 (41.1)

Laboratory findings
White blood cell, 103/uL 7.7+3.9 7.2+21 7.8+4.2 .019
Hemoglobin, g/dL 12721 13.3+1.8 12.6+2.1 <.001
Platelets, 103/uL 292.5+115.1 303.1+121.5 289.9+113.4 233
Protein, g/dL 7.1+3.9 7.1+07 72+44 773
Albumin, g/dL 3.9+0.7 41+0.6 3.9+0.7 .010
AST, U/L 257+12.7 242+13.8 26.1+12.3 116
ALT, U/L 21.1+15.0 20.2+154 21.3+149 405
Total bilirubin, mg/dL 0.6+0.3 0.6+0.2 0.6+0.3 .804
Creatinine, mg/dL 1.0+4.2 1.5+94 0.9+0.6 425
Blood urea nitrogen, mg/dL 15.1+£8.0 12.6 +5.0 15.8+8.5 <.001
Glucose, mg/dL 130.6 +62.2 100.0+11.6 137.0 £ 66.5 <.001
Hemoglobin A1C, % 6.7+1.9 54 +0.1 6.8+1.9 <.001
Total cholesterol, mg/dL 169.1+42.5 171.3+35.5 156.9+43.3 .003
Low-density lipoprotein, mg/dL 91.56+32.7 94.9+20.3 91.2+335 413
High-density lipoprotein, mg/dL 47.4+16.5 59.7+12.0 46.4+£16.5 <.001
Triglyceride, mg/dL 119.0+76.9 81.8+285 123.1+795 <.001

Tuberculosis characteristics
Extrapulmonary involvement, No. (%) 69 (10.1) 13(9.6) 56 (10.2) 944

Drug-induced liver injury
Overall, No. (%) 52 (7.6) 4(2.9) 48 (8.8) .035
ALT, No. (%) 28 (4.1) 2 (1.5) 26 (4.7) 138
AST, No. (%) 23 (3.4) 2 (1.5) 21 (3.8) 271
Total bilirubin, No. (%) 26 (3.8) 3(2.2) 23 (4.2) 403

Treatment outcome
Favorable (cure or treatment complete), No. (%) 478 (73.1) 102 (78.5) 376 (71.8) 1562

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; ATT, antituberculosis treatment.

“Metabolic disorders were defined as having 1 or more of the following conditions: insulin resistance, hypertension, obesity, and dyslipidemia.

Drug-Induced Liver Injury During Antituberculosis Treatment

Scatter plots of the repeated measurements of liver enzymes
over 6 months are shown in Supplementary Figure 1.
Outliers were observed more frequently in the metabolic disor-
der group. However, the results of the random coefficient mod-
el were not significantly different between the 2 groups.

Fifty-two patients (7.6%) developed DILI during the study pe-
riod. The median onset of DILI (range) was 7.9 (4.0-18.0)
weeks. There were 28 (4.1%), 23 (3.4%), and 26 (3.8%) patients
with clinically significant elevations in ALT, AST, and total bi-
lirubin levels during ATT. The metabolic disorders group
showed more DILI than the nonmetabolic disorders group
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Figure 2. Cumulative risks of drug-induced liver injury during antituberculosis treatment according to the presence of metabolic disorders. A, Drug-induced liver injury.
B, Clinically significant alanine aminotransferase elevation. C, Clinically significant aspartate aminotransferase elevation. D, Clinically significant total bilirubin elevation.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

(8.8% vs 2.9%; P =.035) (Table 1). Cumulative incidence rates
are presented in Supplementary Table 1. A significantly higher
cumulative incidence of DILI was observed in patients with
metabolic disorders than in those without (log-rank P =.019)
(Figure 2A). For patients with metabolic disorders, the percent-
age with clinically significant ALT elevation was higher than
that of their non-clinically significant counterparts (P =.088)
(Figure 2B). The rates of AST and bilirubin elevation were in-
significant but were numerically higher in the metabolic disor-
der group (Figure 2C and D). Liver enzyme changes in the ALT,
AST, and total bilirubin levels within 1 month did not differ
between the 2 groups (Supplementary Figure 2). A total of
635 patients in this study had at least 1 month of observation
without liver enzyme elevation. Therefore, we further conduct-
ed the 1-month landmark analyses. In the 1-month landmark
analyses, the cumulative incidence rates of total DILI (log-rank
P =.008) (Figure 3A) and ALT (log-rank P = .034) (Figure 3B)
were significantly higher in the metabolic disorder group than
in their counterpart. AST and total bilirubin in the 1-month
landmark analyses were higher but were not statistically signif-
icant (Figure 3C and D). In the PS-matched cohort, the group
with metabolic disorders had a higher risk of ALT elevation

(log-rank P =.044) (Supplementary Figure 3) but not of other
factors, such as AST or total bilirubin.

Evaluation of the Risk Factors for Drug-Induced Liver Injury According to
Metabolic Disorders

Supplementary Table 2 shows the characteristics of the DILI
group (n = 52) compared with the non-DILI group (n = 632).
Compared with their counterparts, the patients with DILI
had higher metabolic risk (92.3% vs 79.1%; P =.035). They
had lower levels of serum albumin than those without DILI
at baseline (3.7 +0.7 vs 4.0+ 0.7; P=.031). Univariate and
multivariate Cox regression analyses were performed to evalu-
ate the risk of DILL In the univariate analyses, the following
variables were selected because of their associations with the
risk of DILL: metabolic disorders, age (>60 years), male sex,
smoking, alcohol consumption, CCI score, white blood cell
count, hemoglobin level, platelet count, protein and albumin
levels, creatinine, baseline ALT, AST, and total bilirubin levels,
chronic hepatitis B or C, and extrapulmonary involvement.
Metabolic disorders (hazard ratio [HR], 3.17; 95% CI, 1.14-
8.79; P=.027) and serum albumin level (<3.5 g/dL; HR, 2.36;
95% CI, 1.35-4.12; P=.003) were associated with DILI in
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Figure 3. One-month landmark analysis for cumulative risks of drug-induced liver injury during antituberculosis treatment according to the presence of metabolic disorders.
A, Drug-induced liver injury. B, Clinically significant alanine aminotransferase elevation. C, Clinically significant aspartate aminotransferase elevation. 0, Clinically significant
total bilirubin elevation. Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

univariable analyses. Metabolic disorders, old age (>60 years),
sex, and serum albumin level (<3.5 g/dL) were selected as
variables using the forward conditional method in multivar-
iable analyses. In adjusted analyses, having a metabolic disor-
der was identified as a risk factor for DILI (adjusted HR
[aHR], 2.85; 95% CI, 1.01-8.07; P =.042), along with serum
albumin <3.5 g/dL (aHR, 2.26; 95% CI, 1.29-3.96; P =.005)
(Table 2).

DISCUSSION

In this multicenter cohort study of TB, we found that 7.6% of
patients (52 out of 684 patients) had a DILI during ATT.
Among them, 92.9% had 1 or more metabolic disorders, such
as insulin resistance, hypertension, obesity, or dyslipidemia.
Patients with metabolic disorders have a 2.85-fold higher risk
of developing DILI. None of the subjects without metabolic dis-
orders experienced ALT elevation 1 month after ATT. In addi-
tion, serum albumin <3.5 g/dL at baseline was also found to
exacerbate liver injury. In previous studies, the incidence of
DILI was reported as 3.0%-7.3% [2, 14-16]. Most liver injury
cases have been reported to occur in the early treatment period,

with a mean time of 3.4 weeks in China, a median of 1 month in
the United Kingdom, and a mean time of 1.9 months in India
[16-18]. Hepatitis symptoms at the onset of liver enzyme eleva-
tion were seen in 65.4% of the patients in the current study,
similar to a previous study [14].

The effect of metabolic disorders on DILI is unclear but
highly suspicious [4, 19]. In our study, metabolic disorders
significantly increased the risk of DILI during ATT. There
are several possible explanations for this. First, patients with
metabolic disorders are exposed to oxidative stress, which in-
creases cellular oxidants and lipid peroxidation and depletes
antioxidants [19, 20]. When drugs such as INH, which pro-
duces intracellular oxidants during metabolism, are adminis-
tered, patients with metabolic disorders are more susceptible
to liver injury than those without metabolic disorders [19, 21].
Second, metabolic disorders can cause mitochondrial dys-
function [20]. Stressed mitochondria can trigger hepatic ne-
crosis when damaged by extrinsic factors, such as ATT [19,
22]. INH, PZA, and RIF are all known to have mitochondrial
toxicity [23]. Third, metabolic disorders alter the expression
of hepatic transporters, which play a critical role in hepatocyte
metabolic processes [19, 24]. They cause cholestasis and free
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Table 2. Risk Factors Associated With Drug-Induced Liver Injury During
Antituberculosis Treatment

Univariate Analysis

Multivariate Analysis

P P
HR (95% ClI) Value HR (95% CI) Value
Metabolic 3.17 (1.14-8.79) .027 2.85 (1.01-8.07) .042
disorders®
Age, >60y 1.41 (0.81-2.47) 225 1.06 (0.59-1.89) .850
Male sex 0.83 (0.48-1.44) .506 0.77 (0.44-1.34) .357
Smoking 0.96 (0.53-1.73) .885
Alcohol 1.63 (0.85-3.10) .140
Charlson 0.91 (0.73-1.14) 427
comorbidity
index
White blood cells, 1.10 (0.54-2.26) 793
>10x 103/ulL
Hemoglobin, 1.18 (0.67-2.09) .569
<12 g/dL
Platelets, <150 x 0.91 (0.28-2.91) .871
10%/uL

Protein, <6 g/dL
Albumin, <3.5 g/dL

0.55 (0.24-1.22) 143

2.36 (1.35-4.12) .003  2.26(1.29-3.96) .005

AST, >40 U/L 1.60 (0.75-3.40) 220

ALT, >40 U/L 0.55 (0.17-1.78) 322

Total bilirubin, 0.58 (0.08-4.24) .596
>1.2 mg/dL

Creatinine, 0.59 (0.08-4.25) 597
>1.4 mg/dL

HBV, HCV 1.39 (0.43-4.48) .576
infection

Extrapulmonary 0.69 (0.361-1.54)  .366

involvement

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBV,
hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio.

#Metabolic disorders were defined as having 1 or more of the following conditions: insulin
resistance, hypertension, obesity, and dyslipidemia.

bile acid salt congestion in hepatocytes. RIF and rifabutin can
exacerbate the disruption of hepatic transporters and cause
liver injury [25]. Finally, pro-inflammatory conditions caused
by metabolic disorders contribute to the overactivation of the
immune-inflammatory system [19, 26]. The immune re-
sponse often determines the severity of liver injury, and an
imbalance in the immunoinflammatory system exacerbates
hepatocyte damage [8].

We found that a serum albumin level of <3.5 g/dL also in-
creased the risk of DILI. Albumin reflects general health con-
ditions, including nutritional status, and is affected by chronic
liver disease, kidney disease, severe infections, and inflamma-
tion. These medical conditions decrease drug clearance, re-
sulting in drug levels exceeding the threshold dose [19].
They also induce a chronic inflammatory state that facilitates
cellular senescence [19]. A previous study in India also
showed that low serum albumin levels were a risk factor for
DILI [27]. Moreover, the serum albumin level at the onset
of DILI is associated with disease severity and prognosis [3].
Indeed, when the albumin level before ATT is <3.5 mg/dL,

complete liver biochemical tests and ultrasonography are rec-
ommended [2]. In previous studies, old age, female sex, alco-
holintake, and low body weight were reported to be associated
with DILI; however, no common risk factors were found [14,
16, 18]. In contrast, none of these factors increased the risk of
liver injury in the present study. These findings should be con-
firmed in future studies.

Most DILI cases present a hepatocellular pattern with a dom-
inant elevation in aminotransferase levels. Naturally, bilirubin
elevation follows ALT or AST elevation with a lag time of up
to 4 weeks [28]. Moreover, hepatocellular injury can be accom-
panied by secondary intrahepatic cholestasis. These findings
explain the late onset of bilirubin elevation observed in the pre-
sent study.

To monitor adverse effects, it is recommended to measure
serum transaminases and bilirubin levels in all adults beginning
treatment for TB disease. Generally, fortnightly or monthly
testing and examinations by a physician are sufficient for adult
patients with drug-susceptible pulmonary TB who have mini-
mal baseline abnormalities and tolerate treatment. The US
guidelines recommend performing liver function tests only at
baseline unless there are abnormalities at baseline, symptoms
consistent with hepatotoxicity develop, or the patient has other
risk factors associated with hepatotoxicity or prior DILI [29].
Based on our study results, we recommend considering pa-
tients with metabolic disorders to be potentially at risk of
DILI. We recommend that these patients be closely monitored
for hepatotoxicity-related symptoms and signs and undergo
regular liver function tests until they have completed 2 months
of ATT. Further research is necessary to assess the impact of
regular liver function tests on the development of DILI to ex-
pand strategies to monitor DILI. In addition, it is essential to
develop and modify strategies to monitor DILI based on the lo-
cal health care infrastructure and systems.

This study has several limitations. First, nonalcoholic fatty liv-
er disease was not assessed because abdominal imaging or liver
biopsy was not included in this study protocol. However, the
chance of having fatty liver in patients with metabolic disorders
is >90% [30]. Second, repeated measurements of liver enzymes
were not required because of the nature of the study. ALT,
AST, and total bilirubin levels were measured repeatedly during
patient visits or at the doctor’s discretion. However, most pa-
tients regularly visited clinics and were monitored using a mixed
private-public TB patient-monitoring program. Therefore, the
unobserved events of abnormal liver enzyme elevation were the-
oretically or procedurally impossible, and all DILI cases were in-
cluded in this analysis. In addition, we were not able to include
conjugated bilirubin concentration or alkaline phosphatase,
which reflected the liver injury pattern. The definition of DILI
in our study differs from that of previous studies, but it is widely
acceptable for ATT. In addition, the case definitions differ from
those of a previous study [13].
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In conclusion, DILI was found to be significantly increased
in patients with metabolic disorders. In addition, low serum
albumin levels were found to be associated with DILIL
Considering the adverse events associated with DILI, recogni-
tion of these risk factors, close monitoring, and early interven-
tion may be crucial for patients on ATT.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.

Acknowledgments

We would like to express our sincere gratitude to the Korea National
Institute of Health for their generous support in funding our research
program. We would like to thank Editage (www.editage.co.kr) for
English language editing.

Disclaimer. The funder had no role in the study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Ethics approval and patient consent. This study was approved by the
Institutional Review Board of the Catholic University of Korea (IRB No.
C190NDI0458).

Financial support. This work was supported by the Research Program
funded by the Korea National Institute of Health (grant number
2019E520202).

Potential conflicts of interest. The authors declare the following finan-
cial interests/personal relationships that may be considered potential com-
peting interests: Jinsoo Min reports a relationship with Korea National
Institute of Health that includes funding grants. All other authors report
no potential conflicts.

References

1. David S, Hamilton JP. Drug-induced liver injury. US Gastroenterol Hepatol Rev
20105 6:73-80.

2. Devarbhavi H, Aithal G, Treeprasertsuk S, et al. Asia Pacific Association of Study
of Liver. Drug-induced liver injury: Asia Pacific Association of Study of Liver con-
sensus guidelines. Hepatol Int 2021; 15:258-82.

3. European Association for the Study of the Liver. EASL clinical practice guidelines:
drug-induced liver injury. ] Hepatol 2019; 70:1222-61.

4. LiX, TangJ, Mao Y. Incidence and risk factors of drug-induced liver injury. Liver
Int 2022; 42:1999-2014.

5. World Health Organization. World Health Organization global tuberculosis re-
port 2021. 2021. Available at: https:/www.who.int/publications/digital/global-
tuberculosis-report-2021/uhc-tb-determinants/determinants. Accessed February
2, 2023.

6. Min J, Kim HW, Kim JS. Tuberculosis: republic of Korea, 2021. Tuberc Respir Dis
(Seoul) 2023; 86:67-9.

7. Tostmann A, Boeree MJ, Aarnoutse RE, de Lange WC, van der Ven AJ,
Dekhuijzen R. Antituberculosis drug-induced hepatotoxicity: concise up-to-date
review. ] Gastroenterol Hepatol 2008; 23:192-202.

8. Garcia-Cortes M, Robles-Diaz M, Stephens C, Ortega-Alonso A, Lucena MI,
Andrade R]. Drug induced liver injury: an update. Arch Toxicol 2020; 94:
3381-407.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Jarvis H, Craig D, Barker R, et al. Metabolic risk factors and incident advanced

liver disease in non-alcoholic fatty liver disease (NAFLD): a systematic review
and meta-analysis of population-based observational studies. pLoS Med 2020;
17:€1003100.

. Oswal N, Lizardo K, Dhanyalayam D, et al. Host metabolic changes during

Mpycobacterium tuberculosis infection cause insulin resistance in adult mice. J
Clin Med 2022; 11:1646.

. Min J, Chung C, Lim J, et al. Cohort study of pulmonary tuberculosis

(COSMOTB) identifying drug-resistant mutations: protocol for a prospective ob-
servational study in Korea. BMJ Open 2018; 8:e021235.

. Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and management of the met-

abolic syndrome: an American Heart Association/National Heart, Lung, and
Blood Institute scientific statement. Circulation 2005; 112:2735-52.

. Aithal GP, Watkins PB, Andrade R]J, et al. Case definition and phenotype stand-

ardization in drug-induced liver injury. Clin Pharmacol Ther 2011; 89:806-15.

. Abbara A, Chitty S, Roe JK, et al. Drug-induced liver injury from antituberculous

treatment: a retrospective study from a large TB centre in the UK. BMC Infect Dis
2017; 17:231.

. Kumar RS, Bhatia V, Khanal S, et al. Antituberculosis therapy-induced acute liver

failure: magnitude, profile, prognosis, and predictors of outcome. Hepatology
2010; 51:1665-74.

. Tweed CD, Wills GH, Crook AM, et al. Liver toxicity associated with tuberculosis

chemotherapy in the REMoxTB study. BMC Med 2018; 16:46.

. Devarbhavi H, Singh R, Patil M, Sheth K, Adarsh CK, Balaraju G. Outcome and

determinants of mortality in 269 patients with combination anti-tuberculosis
drug-induced liver injury. J Gastroenterol Hepatol 2013; 28:161-7.

. Zhao H, Wang Y, Zhang T, Wang Q, Xie W. Drug-induced liver injury from anti-

tuberculosis treatment: a retrospective cohort study. Med Sci Monit 2020; 26:
€920350.

. Chen M, Suzuki A, Borlak J, Andrade RJ, Lucena MI. Drug-induced liver injury:

interactions between drug properties and host factors. ] Hepatol 2015; 63:503-14.
Bhatti JS, Bhatti GK, Reddy PH. Mitochondrial dysfunction and oxidative stress
in metabolic disorders—a step towards mitochondria based therapeutic strategies.
Biochim Biophys Acta Mol Basis Dis 2017; 1863:1066-77.

Yew WW, Chang KC, Chan DP. Oxidative stress and first-line antituberculosis
drug-induced hepatotoxicity. Antimicrob Agents Chemother 2018; 62:¢02637.
Han D, Dara L, Win S, et al. Regulation of drug-induced liver injury by signal
transduction pathways: critical role of mitochondria. Trends Pharmacol Sci
2013; 34:243-53.

Porceddu M, Buron N, Roussel C, Labbe G, Fromenty B, Borgne-Sanchez A.
Prediction of liver injury induced by chemicals in human with a multiparametric
assay on isolated mouse liver mitochondria. Toxicol Sci 2012; 129:332-45.
Donepudi AC, Cheng Q, Lu ZJ, Cherrington NJ, Slitt AL. Hepatic transporter ex-
pression in metabolic syndrome: phenotype, serum metabolic hormones, and
transcription factor expression. Drug Metab Dispos 2016; 44:518-26.

Morgan RE, Trauner M, van Staden CJ, et al. Interference with bile salt export
pump function is a susceptibility factor for human liver injury in drug develop-
ment. Toxicol Sci 2010; 118:485-500.

Andersen CJ, Murphy KE, Fernandez ML. Impact of obesity and metabolic syn-
drome on immunity. Adv Nutr 2016; 7:66-75.

Gaude GS, Chaudhury A, Hattiholi J. Drug-induced hepatitis and the risk factors
for liver injury in pulmonary tuberculosis patients. ] Family Med Prim Care 2015;
4:238-43.

Giannini EG, Testa R, Savarino V. Liver enzyme alteration: a guide for clinicians.
CMA]J 2005; 172:367-79.

Nahid P, Dorman SE, Alipanah N, et al. Official American Thoracic Society/
Centers for Disease Control and Prevention/Infectious Diseases Society of
America clinical practice guidelines: treatment of drug-susceptible tuberculosis.
Clin Infect Dis 2016; 63:e147-95.

Almeda-Valdes P, Cuevas-Ramos D, Aguilar-Salinas CA. Metabolic syndrome
and non-alcoholic fatty liver disease. Ann Hepatol 2009; 8:S18-24.

8 « OFID « Lim et al

20z dunp /| uo Jasnh Aysianiun BueAyunyouoos Ag GO¥8€Z/2/2ZPelo/8/0 L /2101 e/pIo/wod dno olwapede//:sdiy wouy papeojumoq


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofad422#supplementary-data
http://www.editage.co.kr
https://www.who.int/publications/digital/global-tuberculosis-report-2021/uhc-tb-determinants/determinants
https://www.who.int/publications/digital/global-tuberculosis-report-2021/uhc-tb-determinants/determinants

	Metabolic Disorders Are Associated With Drug-Induced Liver Injury During Antituberculosis Treatment: A Multicenter Prospective Observational Cohort Study in Korea
	METHOD
	Study Design and Population
	Follow-up and Data Collection
	Metabolic Disorders
	Study Outcomes
	Statistical Analysis

	RESULT
	Clinical Characteristics of the Study Population
	Drug-Induced Liver Injury During Antituberculosis Treatment
	Evaluation of the Risk Factors for Drug-Induced Liver Injury According to Metabolic Disorders

	DISCUSSION
	Supplementary Data
	Acknowledgments
	References


