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Objective: To analyze the clinical and laboratory characteristics and to identify predictors of moderate to severe anti-tuberculosis drug-induced liver injury (ATB-DILI) in patients with tuberculosis.Methods: This prospective study enrolled Tuberculosis (TB) patients treated with first-line anti-tuberculosis drugs at the Affiliated Hospital of Zunyi Medical University between May 2022 and June 2023. The occurrence of ATB-DILI was monitored, and demographic and clinical data were gathered. We analyzed risk factors for the development of moderate to severe ATB-DILI.Results: ATB-DILI was detected in 120 (10.7%) of the patients, with moderate to severe ATB-DILI occurring in 23 (2.0%) of the 1,124 patients treated with anti-tuberculosis treatment. Multivariate cox regression analysis identified malnutrition (HR = 4.564, 95% CI: 1.029–20.251, p = 0.046) and hemoglobin levels <120 g/L (HR = 2.825, 95% CI: 1.268–11.540, p = 0.017) as independent risk factors for moderate to severe ATB-DILI.Conclusion: The incidence of moderate to severe ATB-DILI was found to be 2.0%. Malnutrition and hemoglobin levels below 120 g/L emerged as significant independent risk factors for the occurrence of moderate to severe ATB-DILI in this patient population.Keywords: drug-induced liver injury, moderate and severe ATB-DlLl, risk factor, malnutrition, haemoglobin
1 INTRODUCTION
Tuberculosis (TB), an ancient infectious disease is caused by infection with the Mycobacterium tuberculosis (MTB) complex. It ranks as the world’s leading cause of infectious diseases and is among the 13 primary causes of death globally (WHO, 2023), posing a serious threat to public health. Annually, there are approximately 10.6 million new tuberculosis cases are reported worldwide (WHO, 2023), according to global estimates, the latest global TB report indicates that in 2022, roughly 1.3 million individuals are expected to die from TB, a figure nearly twice as high as the number of deaths attributed to HIV/AIDS (WHO, 2023), Furthermore, tuberculosis follows COVID-19 as the infectious disease with the second-highest mortality rate. The TB situation in China is particularly concerning, with the country ranking third worldwide in terms of TB burden. In 2022, China is estimated to have 748,000 new TB patients and 30,000 TB-related deaths. The national TB incidence and mortality rates are projected to be 52 and 2.0 cases per 100,000 individuals, respectively (WHO, 2023). Clearly, tuberculosis remians a serious threat to human health globally, and particularly within China.
Anti-tuberculosis chemotherapy is the primary treatment for tuberculosis (Dartois and Rubin, 2022). The first-line drugs, including isoniazid (H), rifampicin (R), pyrazinamide (Z) and ethambutol (E), are commonly used, and the WHO recommends the 2HRZE/4HR regimen as a treatment option for sensitive TB (Who, 2022). Unfortunately, some patients may experience anti-tuberculous drug-induced liver injury (ATB-DILI) during treatment (Devarbhavi et al., 2021), which can lead to hospitalization, discontinuation or restriction of the use of other effective antituberculous drugs in moderate to severe cases. This may result in therapeutic deficiencies (Medina-Caliz et al., 2016; Kullak-Ublick et al., 2017), changes in treatment regimen, prolongation treatment duration, and in hepatic failure (Gafar et al., 2019). Liver transplantation is the most effective treatment for liver failure, yet it is limited due to the scarcity and the cast of liver donors (Ling et al., 2022). Therefore, moderate to severe ATB-DILI not only poses a significant public health concerns but also imposes a substantial financial burden on society. Data indicated that among hospitalized patients with ATB-DILI, 20.1% experience severe liver injury, with a mortality rate of 34.5% due to liver failure during follow-up (Zhao et al., 2020); approximately 35.5% of hospitalized patients present with acute liver failure (ALF), and 9.7% of these patients will die (Wang et al., 2020). Even with prophylactic measures, a considerable number of patients still develop severe ATB-DILI and even die after drug administration (Naidoo et al., 2015; Mehta et al., 2021). This shows that the correct identification of factors for the development of moderate to severe ATB-DILI and identifying appropriate antituberculosis treatment regimens are important for the control of tuberculosis.
Previous research has identified risk factors for the development of moderate to severe ATB-DILI (Shen et al., 2014; Jiang et al., 2021; Zhong et al., 2021), but these studies often suffer from small sample sizes and limited consideration of exposure factors, leading to inconsistent or even contradictory conclusions. This has limited their clinical guidance. Therefore, our study prospectively followed a cohort of TB patients treated with the HRZE regimen to identify clinical risk factors for moderate and severe ATB-DILI. By early and precise identification of patients at high risk for moderate to severe ATB-DILI, we aim to assist clinicians in selecting the most appropriate antituberculosis treatment strategies.
2 MATERIALS AND METHODS
2.1 Study design
We enrolled tuberculosis patients who were treated with first-line anti-tuberculosis drugs at the Affiliated Hospital of Zunyi Medical University between May 2022 and June 2023. The primary objective was to observe the incidence of ATB-DILI and to analyze the risk factors associated with the development of moderate and severe ATB-DILI.
2.2 Inclusion and exclusion criteria
Inclusion criteria were as follows (had to be met simultaneously): 1) aged ≥18 years; 2) had active tuberculosis (including clinically diagnosed and laboratory-confirmed patients); 3) had an antituberculosis treatment regimen that included HRZ; and 4) had good adherence to medication and follow-up and voluntary participation in this study. Exclusion criteria were as follows: 1) had underlying liver disease, such as viral hepatitis B, cirrhosis, alcoholic hepatitis, or fatty liver, or those with obvious abnormalities in underlying liver function; 2) were using other drugs that may cause abnormalities in liver function, such as acetaminophen, herbal medicines, antitumour drugs or immunosuppressants; 3) had severe cardiac, pulmonary or renal insufficiency; 4) had combined autoimmune diseases, malignant tumors or HIV infection; and 5) were pregnant.
2.3 Clinical characteristics
Demographic data (e.g., sex, age), etiological findings for tuberculosis (e.g., acid-fast smear staining, Mycobacterium tuberculosis culture, Mycobacterium tuberculosis nucleic acid test), and initial biochemical parameters (before antituberculous therapy and when ATB-DILI) were meticulously recorded. ATB-DILI was diagnosed based on the criteria established by an international panel of experts (Aithal et al., 2011), which include meeting at least one of the following conditions: (i) alanine aminotransferase (ALT) levels ≥5 times the upper limit of normal (ULN); (ii) Alkaline phosphatase (ALP) ≥2 × ULN, particularly with accompanying elevations in concentrations of 5′- nucleotidase or γ-glutamyl transpeptidase in the absence of known bone pathology driving the rise in ALP level; (iii) More than or equal to threefold elevation in ALT concentration and simultaneous elevation of bilirubin concentration exceeding 2× ULN. The severity of ATB-DILI was categorized as mild, moderate, severe or fatal, in accordance with the International Consensus Criteria (Aithal et al., 2011). According to the simplified RUCAM scoring system, patients with a total score ≥6 points can be diagnosed with ATB-DILI (Ashby et al., 2021). The clinical phenotype of ATB-DILI patients was calculated according to the R value [R value = (serum ALT/ALT ULN)/(serum AKP/AKP ULN)]. Cases were classified as “hepatocellular” if the R value was ≥5, “cholestatic” if the R value was ≤2, and “mixed” if the R value was 2.0–5.0.
Basic demographic information, including sex, age, ethnicity, height, weight, alcohol consumption (both past and current) and smoking status (past and current), was collected through questionnaire prior to the initiation of antituberculosis treatment. All study participants underwent routine blood tests, liver function tests and kidney function tests. In adults, a body mass index (BMI) of less than 18.5 kg/m2 is regarded as an indication of malnutrition (Sinha et al., 2021). A serum albumin level of less than 35 g/L serves as a traditional marker of nutritional status (Keller, 2019). Thus, in this study, patients with a BMI of less than 18.5 kg/m2 or a serum albumin level of less than 35 g/L prior to anti-TB therapy were considered malnourished. Follow-up, including routine blood tests, biochemistry and sedimentation tests, were scheduled every 2 weeks for the first 2 months of anti-tuberculosis drugs use. Following 2 months of treatment, the frequency of follow-up visits and tests were reduced to once a month. Patients were asked to seek medical attention and review the relevant indexes in case of changes in their conditions. This schedule continued until the end of the antituberculosis course. The examination results were extracted from the patients’ electronic medical records. Doctors meticulously documented any liver damage that occurred during treatment and adjusted the antituberculosis treatment plan as necessary, as well as administered hepatoprotective and symptomatic treatments, depending on the severity of the liver damage.
2.4 Ethical approval and participation consent
The study design received ethical approval from the Ethics Committee of the Affiliated Hospital of Zunyi Medical University [Approval No.: KLL-2022-735]. Written informed consent was obtained from each subject to participate in this study. However, all the data were anonymous, and the confidentiality of the data was maintained. This study adhered to the Declaration of Helsinki.
2.5 Statistical data analysis
Statistical analyses were performed using SPSS 26.0 (SPSS Inc.) and GraphPad Prism 8.0.1 (GraphPad Software). For continuous variables, the mean (x) ± standard deviation (s) is used to represent the normal distribution. Otherwise, median and interquartile range were used. Categorical variables were expressed as percentages. Comparisons between groups were made using the parameterized Student’s t-test or the nonparametric Mann‒Whitney U test (continuous variables) and the χ2 test or Fisher’s exact test (categorical variables). Univariate and multivariate cox regression analyses was used to determine the independent risk factors for ATB-DILI and moderate and severe ATB-DILI. Variables with a p-value less than 0.2 in univariate cox regression analyses and factors considered significant by clinical experts were included in multivariate cox regression analyses by a backward-forward approach to identify risk factors for moderate and severe ATB-DILI. For multivariate cox analyses, the stepwise entry and removal probabilities were set to 0.05 and 0.10 respectively. Differences were considered statistically significant when p < 0.05.
3 RESULTS
3.1 The clinical characteristics of ATB-DILI before ATB-DILI
As shown in Figure 1, out of the 1,576 patients initially screened, a total of 1,124 patients who were treated with first-line anti-tuberculosis drugs were followed up until the end of the anti-tuberculosis treatment regimen. During this follow-up period, ATB-DILI was diagnosed in 120 patients. There were no statistically significant differences in mean age and BMI between patients with and without ATB-DILI. However, a lower percentage of patients with ATB-DILI were smokers compared to those without ATB-DILI (20.83% vs. 29.88%, p = 0.043). Before antituberculosis treatment, total lymphocyte count, ALT, aspartate transaminase (AST), gamma glutamyl transferase (GGT), and total bilirubin levels were significantly higher in patients with ATB-DILI than in those without the condition. Additionally, the hemoglobin concentration was significantly lower in patients with ATB-DILI compared to those without it [(123.56 ± 21.73) g/L vs. (127.78 ± 20.26) g/L, p = 0.043] (Table 1).
[image: Figure 1]FIGURE 1 | Participant flow chart HIV, human immunodeficiency virus; TB, tuberculosis; H, isoniazid; R, rifampicin; Z, pyrazinamide; ATB-DILI, anti-tuberculous drug-induced liver injury.
TABLE 1 | Baseline characteristics of ATB-DILI patients versus non-ATB-DILI patients.
[image: Table 1]Out of the 120 patients with ATB-DILI, 23 cases manifesting as moderate and severe ATB-DILI. The mean age of these patients with moderate and severe ATB-DILI was 51.09 ± 17.20 years, with 6 patients (26.09%) being 65 years of age or older and an 6 patients (26.09%)were female. The average body mass index (BMI) of the patients with moderate and severe ATB-DILI was 19.86 ± 1.98 kg/m2, and 20 patients (86.96%) had a BMI <18.5 kg/m2. The proportion of moderate and severe ATB-DILI patients with BMI lower than 18.5 kg/m2 was significantly higher than that observed in patients with mild ATB-DILI (86.96% vs. 58.76%, p = 0.014). The patients predominantly considered of Han Chinese individuals who were receiving TB treatment for the first time. 6 (26.09%) and 6 (26.09%) patients with TB had a history of smoking and alcohol consumption, respectively. In addition, 3 (13.04%) TB patients had hypertension. The platelet count of patients with moderate and severe ATB-DILI was significantly lower than that of patients with mild ATB-DILI [(210.68 ± 82.11) ×10^9/L vs. 270.91 ± 104.10) ×10^9/L, p = 0.011] (Table 2).
TABLE 2 | Baseline characteristics of patients with mild ATB-DILI versus patients with moderate and severe ATB-DILI.
[image: Table 2]3.2 Incidence of ATB-DILI and clinical characteristics of patients with moderate and severe ATB-DILI at the onset of ATB-DILI
Among the 1,124 patients who completed anti-tuberculosis treatment, 120 patients developed ATB-DILI, including 23 patients (19.17%) with moderate and severe ATB-DILI and 97 patients (80.83%) with mild ATB-DILI. The overall prevalence of ATB-DILI was 10.7% (120/1,124), with a incidence rate of moderate and severe ATB-DILI was 2.0% (23/1,124). During the follow-up period, there were no deaths due to ATB-DILI.
Patients with moderate and severe ATB-DILI were significantly more likely experience jaundice than those with mild ATB-DILI (43.48% vs. 0%, p < 0.0001). There was no statistical difference in the incidence of antituberculosis drug allergy or the need for hospitalization between the moderate to severe ATB-DILI group and the mild ATB-DILI group. The majority of ATB-DILI cases, regardless of severity, occurred within the first 2 months of anti-TB therapy. However, the incidence of moderate to severe ATB-DILI between days 46–60 was significantly higher than that of mild ATB-DILI (34.78% vs. 9.28%, p = 0.0044). Regardless of the severity of ATB-DILI, the liver injury type was mainly hepatocellular injury type. After the occurrence of ATB-DILI, patients with moderate and severe ATB-DILI has significantly higher mean serum aspartate transaminase (AST) and glutamyl transferase (GGT) concentrations compared to those with mild ATB-DILI, 453 (228–699) U/L vs. 212.5 (117.5–330.25) U/L, p = 0.005 and 141.00 (76.50–256.25) U/L vs. 92.50 (57.00–156.50) U/L, p = 0.033, respectively. In addition, patients with moderate to severe ATB-DILI had significantly higher mean serum total bilirubin concentrations compared to those with mild ATB-DILI [66.40 (45.70–107.70) μmol/L vs15.10 (9.75–19.83) μmol/L. P < 0.0001] (Table 3).
TABLE 3 | Clinical characteristics of patients with moderate and severe ATB-DILI at the time of liver injury compared to patients with mild ATB-DILI.
[image: Table 3]3.3 Predictors of ATB-DILI and moderate and severe ATB-DILI
We performed univariate and multifactorial cox regression analyses to identify potential risk factors for the development of moderate and severe ATB-DILI, using baseline data from prior to the initiation of anti-TB therapy. Univariate cox regression analysis revealed that age ≥65 years, malnutrition (including BMI <18.5 kg/m2 or serum albumin <35 g/L) and hemoglobin <120 g/L were risk factors for ATB-DILI (Table 3). Multivariate cox regression analysis revealed that malnutrition (HR = 2.047, 95% CI: 1.279–3.276, p = 0.003), alcohol consumption (HR = 1.710, 95% CI: 1.033–2.832, p = 0.037) and hemoglobin <120 g/L (HR = 2.289, 95% CI: 1.353–3.870, p = 0.002)were independent risk factors for ATB-DILI in patients with tuberculosis (Table 4).
TABLE 4 | Independent predictors of ATB-DILI.
[image: Table 4]As shown in Table 5, univariate and multivariate cox regression analyses were performed for risk factors associated with the development of moderate and severe ATB-DILI, also using data from before the start of anti-tuberculosis therapy. Univariate cox regression analysis showed that malnutrition and creatinine >100 μmol/L were risk factors for moderate and severe ATB-DILI. Multivariate cox regression analysis showed that malnutrition (HR = 4.564, 95% CI: 1.029–20.251, p = 0.046) and hemoglobin <120 g/L (HR = 2.825, 95% CI: 1.268–11.540, p = 0.017) were an independent risk factors for moderate and severe ATB-DILI on first-line antituberculosis therapy.
TABLE 5 | Independent predictors of moderate to severe ATB-DILI.
[image: Table 5]3.4 Follow-up outcome
There were no deaths in this study during the entire follow-up period until the end of anti-TB treatment. Of the patients with ATB-DILI, 89.2% (107/120) had their anti-tuberculosis therapy interruption due to ATB-DILI. The duration of anti-tuberculosis therapy interruption was 11 (5–25) days. The TB treatment success rate was 90.2% (906/1,004) for participants without ATB-DILI, 81.7% (98/120) in those with ATB-DILI, and 73.9% (17/23) in those with moderate and severe ATB-DILI. The TB treatment success rate of patients with ATB-DILI was significantly lower than that of patients without ATB-DILI (p = 0.007). However, there was no significant difference in TB treatment success rate between moderate and severe ATB-DILI patients and ATB-DILI patients (p = 0.397).
4 DISCUSSION
In China, antituberculosis drugs are a major cause of drug-induced liver injury (Shen et al., 2019). However, the exact mechanisms behind ATB-DILI remain elusive. Among the first-line anti-tuberculosis drugs, isoniazid, rifampicin and pyrazinamide are the main agents associated with ATB-DILI, while reports of liver injury from ethambutol are rare (LiverTox, 2012). The hepatotoxicity of isoniazid and pyrazinamide may be due to their respective metabolites (Lim WS. et al., 2023). Pyrazinamide is metabolized into pyrazinic acid and 5-hydroxypyrazinic acid, which can cause liver injury (Hussain et al., 2021). Isoniazid in vivo metabolites acetylnicotinazid and hydrazide cause liver injury (Metushi et al., 2016). Additionlly, H can be directly oxidized to active metabolites that valently bind to liver macromolecules, leading to liver damage through immune mechanisms (Jenner and Ellard, 1989; Wang et al., 2016). Rifampicin is belived to enhance the hepatotoxicity of other anti-tuberculosis drugs, for example, by providing an acetyl group to H, thereby accelerating its metabolism to acetylhydrazine and causing liver damage (Kim et al., 2017). Rifampicin can also affect bile acid synthesis and transport, leading to cholestasis and promoting liver injury (Zhuang et al., 2022). Beyond these mechanisms, intestinal flora disturbance and intestinal barrier disruption are believed to be involved in the occurrence and development of ATB-DILI. These factors can expose the liver to increased drug or bacterial metabolites, triggering a persistent inflammatory response that promotes liver damage (Chopyk and Grakoui, 2020).
This study revealed that the incidence of ATB-DILI was 10.7%, with a moderate and severe ATB-DILI incidence rate of 2.0%. This incidence rate of ATB-DILI is higher than the 5.4% reported in a previous Chinese study involving 4,562 adult TB patients (Jiang et al., 2021) and the 7.6% in a recent multicenter prospective study in South Korea (Lim J. et al., 2023). However, both the overall ATB-DILI incidence and the incidence of moderate to severe ATB-DILI were lower than the rates reported by Portuguese scholars, which were 44.2% and 28.3% respectively (Cavaco et al., 2022). In Brazil, the incidence of severe ATB-DILI among TB patients with HIV infection reaches as high as 22.1% (Tomich et al., 2015). The discrepancies in incidence rates may be attributed to several factors: 1) variation in diagnostic criteria for ATB-DILI; 2) differences in study populations; 3) variation in prescription habits, and some medical staff may provide preventive liver protection drugs to reduce the incidence of ATB-DILI and severe ATB-DILI; 4) different genetic polymorphisms in different races; 5) different regional factors; and 6) unique metabolomes and the influence of the microbiome. Previous studies have shown that the plasma metabolome and urine microbiome of patients with ATB-DILI and severe ATB-DILI have their own characteristics before liver injury (Wang MG. et al., 2022; Wu et al., 2022). Therefore, it is suggested that the metabolome and microbiome have an impact on the occurrence and severity of ATB-DILI.
The patients in this study developed anti-tuberculosis ATB-DILI overwhelmingly within 2 months therapy, suggesting that the monitoring of liver function indexes should be strengthened during the intensive period of antituberculosis treatment (2 months before antituberculosis treatment). Furthermore, early initiation of liver function monitoring liver function at an early stage (2 weeks after antituberculosis treatment), is beneficial for predicting the occurrence of ATB-DILI (Patterson et al., 2021) and avoiding missed diagnoses of ATB-DILI and adverse outcomes (Hayashi et al., 2015). The proportion of moderate and severe ATB-DILI occurring in 46–60 days is significantly higher than that of mild ATB-DILI, which means that attention should be paid to the monitoring of biochemical indexes of liver function during anti-tuberculosis process to detect severe liver injury early. Predominantly, the type of liver injury observed corresponded to hepatocellular injury, aligning with previous studies (Shen et al., 2019).
It is now widely accepted that old age, alcoholism, hepatitis virus infection or a combination of other liver diseases, malnutrition or hypoproteinaemia and HIV infection are risk factors for ATB-DILI (Ali et al., 2020; Chalasani et al., 2021; Devarbhavi et al., 2021; Jiang et al., 2021). There are few reports in the literature on whether the severity of ATB-DILI severity is related to age. However, it has been found that persistent liver biochemical abnormalities are common after drug-related liver injury in older patients (Fontana et al., 2015). In a retrospective study by Zhao et al. (2020) older age was not found to be a risk factor for severe ATB-DILI (Zhao et al., 2020). Our study also revealed that age ≥65 years do not appear to be at increased risk factor for moderate to severe ATB-DILI, though further studies are needed to confirm this conclusion. Alcohol consumption is recognized as an independent risk factor for severe ATB-DILI, which is consistent with the findings of Ji, who developed a nomogram model to predict the risk of drug-induced liver injury in anti-tuberculosis treatment patients (Ji et al., 2023). The more alcohol consumed, the higher the risk of alcohol-related liver injury and even death (Surial et al., 2021). The effects of hepatitis virus infection, other acute and chronic liver diseases and HIV infection on severe ATB-DILI were not investigated in this study because patients with hepatitis virus infection, other acute and chronic liver diseases and HIV infection were excluded. Tuberculosis combined with malnutrition is very common (Feleke et al., 2019), which have been identified as an important risk factor for the occurrence of ATB-DILI (Lin et al., 2021). There is a significant linear relationship between malnutrition and ATB-DILI (Zhao et al., 2023). Our study extends this understanding by demonstrating that malnutrition is not only a risk factor for ATB-DILI but also for its moderate and severe forms. The relationship between anemia and anti-tuberculosis drug-induced liver injury and its severity is rarely reported in the literature. This study found that hemoglobin <120 g/L is a risk factor for ATB-DILI, and it is also a risk factor for moderate and severe ATB-DILI. The reasons may be as follows: 1) Anemia directly leads to a decrease in systemic oxygen delivery, resulting in liver cell ischemia and hypoxia. 2) Malnutrition leads to decreased liver synthesis of plasma proteins (such as hemoglobin, etc.) and erythropoietin deficiency (Cheung et al., 2012), so anemia patients are often combined with malnutrition, and malnutrition is currently recognized as a risk factor for ATB-DILI.
A large multicenter retrospective study revealed that AST, total bilirubin, platelets, prothrombin time, and gender were not found to be correlated with biochemical nonresolution in patients with drug-induced liver injury (Wang CY. et al., 2022). However, our prospective study did not identify any correlation between AST, total bilirubin, platelets, prothrombin time, and gender with ATB-DILI or moderate and severe ATB-DILI. Future multi-center prospective large sample studies on AST, total bilirubin, platelets, prothrombin time, gender and their correlation with ATB-DILI or moderate and severe ATB-DILI are warranted.
Our research demonstrated that TB patients with malnutrition, and with hemoglobin <120 g/L are more likely to develop moderate and severe ATB-DILI after anti-TB treatment. To some extent, the occurrence of moderate and severe ATB-DILI post-antituberculosis treatment can be prevented by paying attention to these populations. The design of personalized antituberculosis treatment plans for these people can enhance patients compliance and improve efficacy of antituberculosis treatment.
There are several limitations to our study. First, while the prospective follow-up study included 1171 TB patients receiving first-line anti-TB therapy, the sample size for patients with moderate to severe ATB-DILI patients was insufficient. Thus, the conclusion drawn from this study should be interpreted with caution and might not be extrapolated to the wider perspective of patients with tuberculosis worldwide. Second, the study did not investigate the polymorphisms in genes related to drug metabolism, transport, antioxidant response, and immune response, which are known to influence ATB-DILI susceptibility. Future studies should integrate genetic factors with the exploration of risk factors for moderate to severe ATB-DILI. Third, the study did not account for the impact of underlying liver diseases (such as viral hepatitis B, cirrhosis, combined autoimmune diseases, malignant tumors and HIV infection) and pregnancy status all have an impact on moderate and severe ATB-DILI. The exclusion of these populations limits the study’s ability to fully understand the risk factors for moderate to severe ATB-DILI in these groups, necessitating future research. Fourthly, alcohol consumption data were self-reported through questionnaires, which may not capture the full extent of alcohol intake and could introduce bias in the results. Lastly, the absence of routine blood lipid testing among participants precluded the inclusion of blood lipids in the analysis of ATB-DILI and its risk factors for moderate to severe cases.
5 CONCLUSION
Our study showed that malnutrition and hemoglobin <120 g/L as risk factors for the development of moderate to severe ATB-DILI. For patients who exhibit these characteristics before antituberculosis treatment, medical staff should be more cautious, and it is recommended that patients with low hepatotoxicity receive antituberculosis treatment to avoid moderate to severe ATB-DILI.
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phosphatase; GGT, gamma glutamyl transferase; INR, international normalized ratio; significant results (p < 0.05) are highlighted in bold.
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