
 
 

J. Respi. September 2024, Vol. 10 (03); 214-221 

 
 

 

 

Vitamin C Intake and Anti-Tuberculosis Drugs-Induced 
Hepatitis in Pulmonary Tuberculosis Patients  
 

Hadiati Rabbani1*      , Fariz Nurwidya2        , Diyah Eka Andayani1         , Heidy Agustin2         , Shaogi Syam3 
1Department of Nutrition, Faculty of Medicine, Universitas Indonesia/Dr. Cipto Mangunkusumo General Hospital, Jakarta, 

Indonesia. 
2Department of Pulmonology and Respiratory Medicine, Faculty of Medicine, Universitas Indonesia/Persahabatan National 

Respiratory Referral Hospital, Jakarta, Indonesia. 
3Respiratory Medicine, Division of Medicine, University College London, London, United Kingdom. 
 

 

ARTICLE INFO 

  

ABSTRACT 

 

Article history: 

Received 10 June 2024 

Received in revised form 

22 August 2024 

Accepted 9 September 2024 

Available online 30 September 2024 

 

 Introduction: Drug-induced hepatitis (DIH) is one of the serious side effects of anti-

tuberculosis drugs (ATD) that can reduce patient compliance with tuberculosis (TB) 

treatment, increase the risk of treatment failure, or develop drug resistance. Vitamin C is 

a potential antioxidant known to have a protective effect against DIH. This study 

examined the relationship between vitamin C intake and the incidence of ATD-induced 

hepatitis (ATDIH) in pulmonary TB patients at Persahabatan National Respiratory 

Referral Hospital, Jakarta. 

Methods: This was a cross-sectional study of 108 patients with drug-sensitive 

pulmonary TB. Data was collected using a sociodemographic questionnaire, 

anthropometric measurements, semi-quantitative food frequency questionnaire (SQ 

FFQ), and data on the subject's liver function laboratory results in the last 1 month. 

Fisher exact test was utilized to analyze the association between adequacy of vitamin C 

intake and DIH.  

Results: The proportion of DIH in pulmonary TB patients in this study was 6.5%. Most 

subjects were males (54.6%) with a median age of 41. The median vitamin C intake was 

66.65 mg/day, with 63.0% of patients having an intake below the recommendation. 

Fisher's exact test showed that vitamin C intake was not statistically significantly 

associated with the incidence of ATDIH (OR 3.77 95% CI 0.44-32.55, p-value 0.256). 

No factors also influenced the incidence of ATDIH in this study. 

Conclusion: No association was found between vitamin C intake and other factors 

related to the incidence of ATDIH. This is the first study in Indonesia to link vitamin C 

and E intake with the incidence of DIH in drug-sensitive pulmonary TB patients, 

providing information for future studies. 
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INTRODUCTION 

 

Tuberculosis (TB) is an infectious disease that is 

still a major problem in Indonesia.  According to data 

from the Global Tuberculosis Report 2023, Indonesia is 

the second-highest country in terms of the burden of TB 

cases in the world after India, with a total of 1,060,000 

incidents, an increase from the previous year.1 The first-

line treatment regimen for pulmonary TB in Indonesia is 

isoniazid, rifampicin, pyrazinamide, and ethambutol for 

6 months.2 These four antibiotics have proven effective 

for TB treatment, but they have various side effects.2–4 

The most common major adverse effect is drug-induced 

hepatitis (DIH) associated with the three first-line anti-

TB drugs (ATD), rifampicin, isoniazid, and 

pyrazinamide.2,5 ATD-induced hepatitis (ATDIH) is a 

concern in TB treatment because it requires the 

discontinuation of ATD and can cause morbidity and 

mortality if not detected early.4,6 The prevalence of DIH 

in several studies conducted worldwide varies and 

ranges from 2-39%, with a higher incidence in 

developing countries.7  

In patients with pulmonary TB and those with 

DIH, oxidative stress is observed due to an imbalance 
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between free radicals and antioxidant levels.8 

Consumption of ATD can induce oxidative stress by 

forming reactive metabolites, disrupting the 

mitochondrial respiration chain, reducing antioxidant 

enzyme pools, and causing a redox cycle.5 TB patients 

also experience decreased antioxidant status due to 

increased free radicals produced in response to TB 

infection and low vitamin intake.9 A previous study 

reported that vitamin C intake in patients with 

pulmonary TB was less than the recommended dietary 

adequacy due to the patients' low economic status and 

decreased appetite due to ATD.10  

Vitamins C and E are exogenous antioxidants 

with anti-inflammatory and antiapoptotic effects that 

may protect against oxidative stress and liver 

damage.11,12 It is also known that vitamin C has a 

protective effect against liver damage in both animals 

and humans,13 but it is still inconclusive in humans for 

vitamin E.14 Animal studies have shown that vitamin C 

and omega 3 can be hepatoprotectors in rats with 

methotrexate-induced hepatitis and can normalize 

aminotransferase, gamma glutamine, alkaline 

phosphatase, lactate dehydrogenase, malondialdehyde, 

and serum albumin levels in intoxicated animals.12 

Vitamin C can also strengthen the activity of enzymatic 

antioxidants in the body, and its protective effect is 

beneficial in patients with nonalcoholic steatohepatitis 

and fatty liver.13 In addition, in vitro studies have shown 

that vitamin C has a protective effect on liver damage 

due to isoniazid15 and rifampicin toxicity without 

affecting its bactericidal activity.11 

Some clinical trials related to the protective effect 

of antioxidants against drug-induced liver damage are 

still inconclusive, limited to animal experimental 

studies, and are otherwise difficult to conduct.16  There 

is still a lack of data regarding the intake of antioxidants, 

substances that can scavenge reactive species, and the 

incidence of ATDIH, which is limited to animal 

experiments and in vitro studies. Therefore, this study 

aimed to observe the relationship between vitamin C 

intake, one of the antioxidants with potential 

hepatoprotective effects, and the incidence of ATDIH in 

pulmonary TB patients. 

 

METHODS 

  

Study Design and Participants 

This cross-sectional study using a consecutive 

sampling method was conducted from February to 

March 2024 at Persahabatan National Respiratory 

Referral Hospital, Jakarta. The Ethics Committee of 

Health Research Persahabatan National Respiratory 

Referral Hospital approved the study procedure (No 

168/KEPK-RSUPP/12/2023). The study participants 

were TB patients undergoing first-line ATD treatment, 

aged ≥ 18 years old, and agreed to participate by signing 

the written consent form. Subjects with a history of 

chronic liver disease (hepatitis B, hepatitis C, cirrhosis), 

who had been taking herbal supplements over the past 3 

months, who were pregnant or breastfeeding, or who had 

incomplete laboratory medical results were excluded.  

 

Data Collection 

Data on the patient’s socio-demographic details and 

medical history was collected through a questionnaire. 

Bacteriological status and liver function test results 

within 1 month were obtained from the subject’s 

medical record. The criteria for ATDIH used were based 

on the Medical Services for TB Management National 

Guidelines and Indonesian Society of Respirology (ISR) 

as follows: an elevated level of serum glutamic 

oxaloacetic transaminase (SGOT) or serum glutamic 

pyruvic transaminase (SGPT) to 3x the upper limit of 

normal (ULN) in symptomatic patients, or up to 5x ULN 

without the presence of symptoms, or their bilirubin 

level reaching 2x ULN in the absence of symptoms.2 

The referred symptoms were jaundice, anorexia, 

abdominal pain, nausea, and vomiting in the ATD 

treatment obtained from anamnesis. 

 

Dietary Intake 

Vitamin C intake from food sources and 

supplementation was collected using a semi-quantitative 

food frequency questionnaire (SQ FFQ) for the past 

month. Vitamin intake was calculated based on data on 

local and Asian countries' food composition. The 

adequacy of vitamin intake categorized as sufficient or 

insufficient was based on 2019 Indonesia’s 

Recommended Dietary Allowance (RDA), which is 90 

mg/day for men and 75 mg/day for women.17 

 

Anthropometric Measurements 

The height and weight measurements were performed 

twice using ShorrBoard, with an accuracy of 0.1 cm for 

height and SECA 876 with a precision of 0.1 kg for 

weight. The average value used to calculate body mass 

index (BMI) was calculated by dividing body weight 

(kg) by the square of height (m). The results were 

categorized based on the World Health Organization 

(WHO) Asia Pacific classification as underweight 

(<18.5 kg/m2), normal (18.5-22.9 kg/m2), overweight 

(23.0-24.9 kg/m2), and obese (≥25 kg/m2). 

 

Data Analysis 

The International Business Machines Corporation 

(IBM) Statistical Package for the Social Sciences 

(SPSS) version 25 was used for data analysis, and 

NutriSurvey 2007 (Germany) was used for the dietary 
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intake analysis. Categorical data was presented as 

frequency and percentage. Meanwhile, continuous data 

was presented as mean and standard deviation (SD) or 

median and interquartile range (IQR) depending on the 

distribution based on the Kolmogorov-Smirnov test 

result. The Chi-square test or Fisher exact test was 

utilized to analyze the association between the adequacy 

of vitamin C intake and other categorical variables with 

the incidence of DIH. All variables with a p-value ≤ 0.25 

in the bivariate analysis were entered into the 

multivariable logistic regression analysis. An odds ratio 

(OR) with a 95% confidence interval (CI) was used to 

determine the strength of association, and p-values of 

less than 0.05 were considered statistically significant.  

 

RESULTS 

 

Participant Characteristics 

A total of 108 patients met the inclusion criteria. The 

proportion of DIH in pulmonary TB patients in this 

study was 6.5%. Most subjects were males (54.6%), 

with a median age of 41 years old. The subjects were 

predominantly underweight (40.7%) based on the WHO-

Asia Pacific classification, had completed secondary 

school education (73.1%), and had a low income 

(72.2%). A total of 40.7% had comorbidities, 4.6% were 

human immunodeficiency virus (HIV) positive, 43.5% 

took other drugs along with ATD, 52.8% did not smoke, 

and 7.4% of subjects consumed alcohol. More than half 

of the subjects were in the intensive phase (56.5%) and 

had positive bacteriological status (50.9%). Many 

subjects did not take vitamin C supplements (85.2%) 

(Table 1). 

 

Characteristics of the Participants based on Patient 

Vitamin Intake 

The study subjects' median vitamin E intake was 

1.20 mg/day, with the majority (97.2%) having an 

insufficient intake. The median vitamin C intake was 

66.65 mg/day, with 68 subjects (63.0%) having an 

intake that was less than the requirements based on the 

2019 RDA (Table 2). 

 

Association between Vitamin C Intake and ATDIH 

The relationship between vitamin C intake and 

ATDIH was assessed using the Fisher exact test. There 

was no significant relationship between vitamin C 

adequacy and the incidence of ATDIH in pulmonary TB 

patients (OR 3.77 95% CI 0.44-32.55, p-value 0.256) 

(Table 3). Additionally, no other factors (patient 

characteristics) related to ATDIH were found in this 

study. Multivariate analysis was not performed because 

only a single variable had a p-value <0.25 (Table 1). 

 

Table 1. Subject characteristics and the association between variables with anti-tuberculosis drugs-induced hepatitis 

Characteristic 
ATDIH 

Total (N = 108) p-value OR (CI 95%) 
Yes (n = 7) No (n = 101) 

Age (years old) 23 (39) 42 (32) 41 (32) 0.253mw  
Gender, n(%)    1.00f 1.12 (0.24-5.24) 

 Male 4 (6.8) 55 (93.2) 59 (54.6)   

 Female 3 (6.1) 46 (93.9) 49 (45.4)   

Body Mass Index, n (%)    0.427f# 2.21 (0.47-10.42) 

 Underweight 3 (6.8) 41 (93.2) 44 (40.7)   

 Normal 4 (9.5) 38 (90.5) 42 (38.9)   

 Overweight 0 (0) 8 (100) 8 (7.4)   

 Obese 0 (0) 14 (100) 14 (13.0)   
Education Level, n (%)    1.00f# 0.97 (0.11-8.64) 

 No education 0 (0) 3 (100) 3 (2.8)   

 Elementary school 0 (0) 11 (100) 11 (10.2)   

 Junior/senior high school 6 (7.6) 73 (92.4) 79 (73.1)   
 University 1 (6.7) 14 (93.3) 15 (13.9)   

Income Level, n (%)    0.671f 2.42 (0.28-20.97) 

 Low 6 (7.7) 72 (92.3) 78 (72.2)   

 Enough 1 (3.3) 29 (96.7) 30 (27.8)   

Comorbidities    1.00f 1.1 (0.23-5.17) 

 Yes 3 (6.8) 41 (93.2) 44 (40.7)   

 No 4 (6.3) 60 (93.8) 64 (59.3)   
HIV Status, n (%)    0.289f# 4.04(0.39-42.01) 

 Positive 1 (20.0) 4 (80.0) 5 (4.6)   

 Negative 4 (5.1) 75 (94.9) 79 (73.1)   

 Unknown 2 (8.3) 22 (91.7) 24 (22.2)   
Co-Medication, n (%)    1.00f 0.97 (0.21-4.57) 

 Yes 3 (6.4) 44 (93.6) 47 (43.5)   

 No 4 (6.6) 57 (93.4) 61 (56.5)   

Smoking History, n (%)    0.429f# 0.34(0.04-2.97) 
 Smoker 1 (2.9) 33 (97.1) 34 (31.5)   

 Former smoker 2 (11.8) 15 (88.2) 17 (15.7)   

 Not smoker 4 (7.0) 53 (93.0) 57 (52.8)   
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Alcohol Consumption, n (%) 
   

 

1.00f 

 

n/a 
 Yes 0 (0) 8 (100) 8 (7.4)   

 No 7 (7) 93 (93) 100 (92.6)   

Treatment Phase, n (%)    0.135f* 5.02 (0.58-43.21) 

 Intensive phase 6 (9.8) 55 (90.2) 61 (56.5)   
 Continuation phase 1 (2.1) 46 (97.9) 47 (43.5)   

Bacteriological Status, n (%)    1.00f 1.31 (0.28-6.14) 

 Positive 4 (7.3) 51 (92.7) 55 (50.9)   

 Negative 3 (5.7) 50 (94.3) 53 (49.1)   
Vitamin C Supplementation, n (%)    1.00f 0.96 (0.11-8.51) 

 Yes 1 (6.3) 15 (93.8) 16 (14.8)   

 No 6 (6.5) 86 (93.5) 92 (85.2)   

Vitamin E Intake, n (%)    1.00f n/a 
 Insufficient 7 (6.8) 98 (93.3) 105 (97.2)   

 Sufficient 0 (0) 3 (100.0) 3 (2.8)   
f: Fisher exact test, mw: Mann Whitney test, ATDIH: anti-tuberculosis drugs-induced hepatitis, OR: odds ratio, CI: confidence interval, HIV: 

human immunodeficiency virus 
# p value obtained after recategorization 
* p value <0.25 

 

Table 2. Subject characteristics based on vitamin intake 

Variable Results (N = 108) 

Vitamin E intake 1.20 (2.25) (mg/day) 

 Insufficient 105 (97.2) 
 Sufficient 3 (2.8) 

Vitamin C intake 66.65 (101.05) (mg/day) 

 Insufficient 68 (63.0) 

 Sufficient  40 (37.0) 

 

Table 3. Association between vitamin C intake and anti-tuberculosis drugs-induced hepatitis 

Vitamin C Intake 
ATDIH 

Total, n (%) p-value OR (CI 95%) 
Yes, n (%) No, n (%) 

Insufficient 6 (8.8) 62 (91.2) 68 (63.0) 0.256f 

3.77(0.44-32.55) 
Sufficient 1 (2.5) 39 (97.5) 40 (37.0)  

Total, n (%) 7 (6.5) 101 (93.5) 108 (100)   
f = Fisher exact test 

 

DISCUSSION 

 

In this study, the median intake of vitamin C and 

E was found to be low, with most subjects in the 

insufficient category. Previous studies obtained similar 

results, indicating that most pulmonary TB patients had 

low vitamin E and C intake.3,10,18–20 The low vitamin E 

intake was due to the main food source of sunflower 

seeds, sunflower seed oil, safflower oil, and wheat oil, 

not being commonly consumed among the study 

subjects. The low vitamin C intake in pulmonary TB 

patients was due to their low purchasing power, where 

most subjects had less income and a decreased appetite, 

either due to the disease or ATD side effects.10 

Unbalanced eating habits can prevent people with high 

economic status from fulfilling their vitamin C needs.21 

Lower middle-income countries that consume rice as 

their staple food tend to have lower vitamin C intake.22 

It has been proven by the Indonesia Health Survey 2023 

that the proportion of eating less fruit and vegetables (<5 

servings per day in a week) as a source of vitamin C in 

Indonesia reached 96.7%.23 Adequate intake of vitamin 

C and E is necessary in patients with TB, which can be 

met   from   food   sources   by   eating  a  varied  diet  in  

 

sufficient quantities. Supplementation may be needed to 

maintain optimal vitamin levels in those deficient and 

have suboptimal intake, such as pulmonary TB patients, 

due to low appetite.22  

This study found that 7 subjects (6.5%) had 

hepatitis due to ATD. Previous hospital-based studies in 

Indonesia reported various prevalences ranging from 

5.4% to 23.75%.24–27 In other countries, it varies from 

3.8% to 10%.28–31 This variation in proportion is because 

of differences in the study population, subject criteria, 

patient characteristics, case criteria, and drug regimens 

administered. 

In this study, 6 out of 7 subjects who experienced 

DIH had insufficient vitamin C intake, which was not 

statistically significant. Furthermore, there was no 

association between vitamin C supplementation and 

hepatotoxic events due to ATD. Vitamin C is reported to 

have hepatoprotective effects,13 but animal studies have 

shown that high doses of vitamin C do not have a more 

potent antioxidant effect than low doses,15 and that 

vitamin C supplementation is generally given in high 

doses that exceed the RDA.  Excess vitamin C in the 

body will be excreted because vitamin C is not widely 

stored.32 Several things could confound this relationship 
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because of vitamin C's work as an antioxidant, which is 

the main core of its role as a hepatoprotector. It is also 

influenced by other antioxidants such as vitamin E, 

omega 3, beta carotene, and endogenous antioxidants. 

Vitamin C intake cannot describe the total antioxidant 

levels. Vitamin C levels are also influenced by other 

factors such as age, gender, smoking status, 

socioeconomic status, BMI, physical activity, and 

disease status. Infectious diseases such as TB can reduce 

vitamin C levels, meaning there must be more intake 

than healthy patients.22 As there is no vitamin C 

recommendation intake for TB patients, this study used 

RDA as a criterion for adequacy, which may require 

greater adequacy in TB patients. 

Wang, et al. (2021) obtained similar results in 

that vitamin C intake had no significant association with 

the risk of liver dysfunction or damage during ATD 

treatment.3 However, the study showed that a low intake 

of vegetables was associated with an increased risk of 

liver damage and that a low intake of cooking oil 

reduced the risk of liver damage and liver dysfunction in 

patients undergoing TB treatment.3 In addition to their 

high vitamin and mineral content, vegetables are rich in 

phytochemicals such as phenols, flavonoids, and 

carotenoids that help reduce drug-induced liver 

damage.3 Animal studies have reported the protective 

effects of these substances on the liver by increasing 

glutathione (GSH) levels, counteracting free radicals, 

modulating the phase II hepatic metabolism, inhibiting 

NF-κB transcription and translocation, and decreasing 

pro-inflammatory cytokines.33–35 

Clinicians in Indonesia often use curcumin for 

patients with hepatotoxicity. Several case reports have 

shown significant reductions in SGOT and SGPT values 

from curcumin administration and ATD discontinuation 

in TB patients with ATDIH.36 Curcumin is known to 

counteract reactive oxygen/nitrogen species. It has 

antioxidant effects by inhibiting the initiation of styrene 

oxidation and controlling deoxyribonucleic acid (DNA) 

damage and lipid peroxidation caused by free radicals.37 

Some cellular mechanisms of curcumin as a 

hepatoprotector include inducing GSH synthesis by 

increasing the gene expression of the enzyme and 

glutamate cysteine ligase, reducing the number of lipid 

peroxidation products such as lipid hydroperoxides and 

malondialdehyde. In addition, curcumin increases the 

expression of SIRT3, which can reduce reactive oxygen 

species (ROS) levels by increasing the expression of 

manganese superoxide dismutase (MnSOD) and 

mitochondrial IDH2.38 In this study, subjects who 

consumed curcumin were excluded. 

Other mechanisms of ATDIH aside from 

oxidative stress are dose-dependent and immune-

mediated mechanisms.4 These mechanisms may explain 

the absence of an association between vitamin C and 

DIH. This needs to be proven by assessing whether 

oxidative stress mediates the occurrence of ATDIH in 

humans, which was not performed in this study. In 

addition, other stronger DIH risk factors, such as genetic 

polymorphisms, may confound the association. 

This study found no variables that might be 

statistically significant confounders with the incidence 

of DIH in pulmonary TB patients. Based on previous 

studies, the role of the variables studied regarding the 

incidence of ATDIH still has different results. 

Nutritional status assessed by BMI in this study was not 

found to be associated with the incidence of ATDIH. 

Several previous studies have reported similar 

results.3,28,39 Other studies have shown the contrary that 

low nutritional status and BMI in TB increase the risk of 

ATD-induced hepatotoxicity.27,31,40 Malnutrition is 

associated with decreased GSH reserves, which makes 

people with malnutrition susceptible to oxidative 

damage.39 In addition, nutritional status affects 

metabolic integrity in the liver and cytochrome P450 

enzymes that play a role in detoxifying TB drugs.6 

Assessment of nutritional status based on BMI is not a 

sufficient predictor for ATDIH. Albumin levels and 

weight loss may be necessary to assess a subject's 

nutritional status as a risk factor for ATDIH.6,41  

HIV infection is known to increase the risk of 

ATD hepatoxicity by 4 times.6 In this study, 1 in 5 HIV-

positive subjects experienced ATDIH, and the same OR 

value was obtained. Even so, no significant association 

was found, similar to a study in India.31 HIV patients 

with acute disease experience changes in oxidative 

pathway activity that increase the risk of ATDIH. 

However, why TB-HIV patients have such a high risk of 

developing DIH remains contradictory. Although 

hepatic damage from rifampicin and pyrazinamide may 

be immunologically mediated, and there is reduced 

immune function in people with HIV, there is no 

evidence to support this hypothesis.41 In addition, the 

subjects in this study were not severely 

immunocompromised. 

N-acetylcysteine (NAC), one of the most 

prescribed cough medicines in pulmonary TB patients, is 

known to have hepatoprotective effects against rifampin 

and isoniazid. Experimental studies in rats showed that 

NAC at 0.2 mg/dL effectively protected HepG2 cells 

against rifampin toxicity (p <0.01).11 A clinical trial 

reported improved liver function, decreased 

malondialdehyde, and increased GSH in pulmonary TB 

patients in relation to first-line ATD who took NAC for 

4 weeks.42 These effects persisted until week 8.42 The 

hepatoprotective effect of NAC is known to be due to its 

activity as a substrate of GSH synthesis, able to inhibit 

lipid peroxidation and reduce superoxide dismutase 
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levels.43 In this study, subjects who took NAC were 

categorized into groups taking drugs along with ATD, 

which may confound the results of the association of co-

medication with the incidence of DIH. In addition, 

differences in the dose and duration of other drugs need 

to be considered when assessing the association of the 

occurrence of hepatotoxic reactions.44 

This study is similar to the study by Wang, et al. 

(2021) and Jiang, et al. (2021), who found no 

association between alcohol consumption and liver 

damage.3,28 However, a cohort study by Abera, et al. 

(2016) gave different results and found that high alcohol 

intake (>35 units for men and 28 units for women per 

week for 10 years) was associated with the incidence of 

ATDIH with a crude OR (cOR) 9.35 (95% CI 1.8-47, p 

<0.007).39 Molla, et al. (2021) found significant results 

in the bivariate analysis but not the multivariate 

analysis.29 Alcohol is known to induce the production of 

enzymes in the liver that can potentially increase toxic 

metabolites that damage the liver in turn.6,40,41 Alcohol is 

metabolized in the liver. The metabolic process 

increases the production of ROS and causes 

mitochondrial dysfunction.45 This difference in results is 

due to differences in the level of alcohol consumption 

between populations, which in this study did not 

measure the quantity and frequency of drinking alcohol. 

Anti-tuberculosis drugs-induced hepatitis 

(ATDIH) usually occurs 2 months after ATD treatment, 

with the peak incidence occurring in the first 2 weeks.4 

Several studies have reported the median and mean 

onset of ATD hepatotoxicity on day 10, 20, and 

26.30,31,39 These studies have it in common that the onset 

of ATDIH occurs in the intensive phase.7 This is 

possible because more drugs are administered in the 

intensive phase and larger doses than in the continuation 

phase. This study also found that most patients 

experienced DIH in the intensive phase (first 2 months), 

although the treatment phase was not associated with the 

incidence of ATDIH. 

An animal experiment by Nehra, et al. (2016) 

showed that vitamin E has a hepatoprotection effect 

against isoniazid, rifampicin, and pyrazinamide at doses 

of 5 mg, 20 mg, and 25 mg, respectively, per kg BW for 

90 days.46 The effect was seen from the decrease in 

alanine transaminase (ALT) levels after administering 

alpha-tocopherol 200mg/kg BW orally, given together 

with ATD.46 Adikwu (2013) found that the 

hepatoprotective effect of vitamin E in humans is still 

contradictory, although it has been proven in animals. In 

humans, the protective effect of vitamin E is seen to be 

beneficial in non-alcoholic steatohepatitis, 

hemochromatosis, obese children with non-alcoholic 

fatty liver disease (NAFLD), hepatitis B, and hepatitis 

C.14 This study showed that vitamin E intake was not 

associated with the incidence of ATDIH in drug-

sensitive pulmonary TB patients. 

This is the first study in Indonesia that links 

vitamin C and E intake with the incidence of ATDIH in 

drug-sensitive pulmonary TB patients, providing 

information for future studies. However, recall bias and 

measurement bias were present due to the SQ FFQ 

usage, which was minimized when using food photo 

books. In addition, due to limited resources, vitamin C 

levels were not measured, which has a more objective 

value than vitamin C intake. However, the assessment of 

serum levels is influenced by the last intake. Therefore, 

serum vitamin C levels cannot be used to measure status 

in individuals with a regular high intake or irregular fruit 

and vegetable consumption.47 

 

CONCLUSION 

 

Despite the lack of statistical significance, there 

was a higher proportion of ATDIH in the group with 

insufficient vitamin C intake than in the group with 

adequate intake. Clinicians can still educate pulmonary 

TB patients on vitamin C adequacy as it has benefits in 

terms of the effectiveness of TB therapy. Factors 

influencing the incidence of ATDIH were not found in 

this study. Further research is needed with more 

objective measurements of vitamin C levels rather than 

intake while considering other nutrients with 

hepatoprotective effects and other DIH risk factors such 

as genetic polymorphisms. 
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