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Background

Despite a high tuberculosis incidence in Korea, the association between tuberculosis and depression remains underexplored. This study aims to assess depression risk in tuberculosis survivors.





Methods

Utilizing South Korea’s National Health Insurance Sharing Service (NHISS) database, we conducted a gender-age-matched analysis comparing depression risk between tuberculosis survivors and the general population.





Results

This study included 137,996 participants, of whom 34,499 had tuberculosis history, and 103,497 age- and sex-matched individuals were selected as the control group. The risk of developing depression was higher in tuberculosis survivors than in the control group (aHR 1.20, 95% CI 1.15-1.25). In men, the risk of developing depression was 1.32 times (95% CI 1.25-1.39) compared with 1.05 times (95% CI 0.98-1.12) in women. Those taking para-aminosalicylate, cycloserine, and prothionamide had a higher risk of developing depression compared to those using other anti-tuberculosis drugs, with the risk ratio ranging from 1.27 to 1.61.





Conclusion

Tuberculosis survivors had a higher risk of developing depression compared to the control group. Although the prevalence of depression was higher in women compared to men, the risk of developing depression was higher in male tuberculosis survivors than in the control group, in contrast to the findings in women. The risk of developing depression in tuberculosis survivors differed depending on the anti-tuberculosis drug used and was mainly high in most of the second-line anti-tuberculosis drugs.
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Introduction

Depression stands as a prevalent global mental health concern, recognized as a foremost contributor to significant health challenges. Globally, more than 300 million people suffer from depression according to the World Health Organization (WHO). In Korea, about 6.7% of the population suffer from depression (1). Epidemiological surveys on mental disorders in Korea have reported a gradually increasing lifetime prevalence of depression (2).

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis bacteria. In South Korea, the incidence of TB is 80.0 per 100,000 people, which is higher than the average incidence of 11.4 in Organization for Economic Co-operation and Development (OECD) countries. The coexistence of TB and depression is a prevalent comorbidity, posing a significant challenge to public health in terms of treatment and prevention (3, 4). In particular, patients with drug-resistant tuberculosis (DR-TB) carry a substantial psychological burden, leading to the experience of depression (5). Even after the completion of TB treatment, survivors may continue to experience psychological issues such as depression and anxiety, as well as physical sequelae like COPD and lung cancer, all of which can have a long-term impact on their overall quality of life (6).

Despite the clinically significant association between TB and depression, research addressing the intersection of these two conditions is notably lacking. Thus, the purpose of this study was to compare the risk of developing depression in TB survivors with general population. We hypothesized that: 1) TB would be associated with an increased risk of developing depression; and 2) the risk of developing depression would vary according to anti-TB drugs.





Materials and methods




Data source

This study used the National Health Insurance Sharing Service (NHISS) database of the National Health Insurance Service (NHIS) of South Korea (7, 8). NHIS is a public institution responsible for operationalizing mandatory universal health insurance. NHISS database contains medical services claim data such as information about admission, emergency room visits, ambulatory care visits, and pharmaceutical services. These data are open to the public (https://nhiss.nhis.or.kr). The NHISS database also contains results of general health examination and questionnaires for evaluating lifestyle and behavior. NHIS data also contain sociodemographic data such as age, sex, place of residence, and income level. NHISS data are anonymized to protect the privacy of individuals. This study was approved by the Institutional Review Board of the Samsung Medical Center (SMC 2021-10-087, October 21, 2021).





Study population

We characterized TB survivors as individuals aged 20 years or older who had completed treatment for active TB and lived for at least one year following their TB diagnosis. TB cases were defined as those who were initially diagnosed with International Statistical Classification of Disease and Related Health Problems 10th revision (ICD-10) code “A15-A19” or with specific insurance codes of “V000, V206, V246” between January 1, 2010 and December 31, 2017. Patients with multidrug-resistant (MDR) TB (ICD-10 U88.0–U88.1) and incompletely cured patients with a treatment period of less than 156 days were excluded (9, 10). Among them, patients who visited the hospital more than twice with the relevant ICD-10 codes or TB insurance codes, or those who received at least 90 days of anti-TB treatment with drugs such as isoniazid, rifampicin, pyrazinamide, ethambutol, para-aminosalicylic acid, cycloserine, and prothionamide, were included (11). Among them, 118,665 subjects who had undergone a national health examination within two years before the date of first diagnosis of TB were included in this study. Among them, we excluded subjects with missing data (n = 23,819), those who died within one year after TB diagnosis (n = 1,469), those who had previously been diagnosed with depression (n = 20,820), and those who were diagnosed with depression within one year of TB diagnosis (n = 3,009) to avoid effects of a temporal relationship and minimized the possibility of reverse causality. Finally, 34,449 subjects aged 20 or older who could be matched for 1:3 gender-age matching were targeted. The control group included 103,497 subjects (Figure 1).




Figure 1 | Flow chart showing the section of study population.







Definition of study outcome

The primary outcome of this study was newly diagnosed depression defined as a diagnostic code of F32 or F33 (F32.0-32.9 for major depressive disorder with single episode and F33.0-33.9 for major depressive disorder with recurrent episodes) according to the International Statistical Classification of Disease and Related Health Problems 10th revision (ICD-10). The cohort was followed up from baseline to the date of incident of depression, death, or the end date of this study (December 31, 2018), whichever came first.





Definition of covariates

Information about subject’s health related behaviors was obtained through self-report questionnaires. Body mass index (BMI) was calculated by dividing weight (kg) by height (m) squared and classified as low (BMI < 18.5), normal (BMI = 18.5–22.9), overweight (BMI = 23–24.9), and obesity (BMI ≥ 25). Smoking status was classified as never, former, and current smokers. Alcohol consumption was classified into non, mild to moderate (< 30 g of alcohol/day), and heavy (≥ 30 g of alcohol/day) drinkers according to the number of times and the frequency of drinking per week. Regular physical activity was defined as ≥ 30 minutes of moderate physical activity ≥ 5 times per week or ≥ 20 minutes of vigorous physical activity ≥ 3 times per week. The income level was divided based on the bottom 20% according to the monthly insurance premium because insurance contributions were determined based on income level in Korea.

Diabetes (DM) was defined as a fasting blood glucose level of 126 mg/dL or higher or diagnosed using ICD-10 codes E11-E14 and prescribed medication for DM. Hypertension (HTN) was defined as ICD-10 codes I10-I13 and I15 with antihypertensive medications or a systolic blood pressure of 140 mmHg or greater and a diastolic blood pressure of 90 mmHg or greater. Dyslipidemia was defined as a fasting serum total cholesterol of 240 mg/dL or more, diagnosed with ICD-10 code E78, and prescribed lipid-lowering agents. The Charlson Comorbidity Index was categorized as 0, 1 to 2, or ≥3 to assess the overall comorbidity load (12).





Statistical analyses

Baseline characteristics are presented as means ± standard deviation for continuous variables and numbers (percentages) for categorical variables. We used two sample t-test or chi-square test to find differences in demographic and socioeconomic characteristics between the TB group and control group.

Kaplan-Meier curves and log-rank test were used to present and compare cumulative depression incidences for both groups. Multiple Cox proportional regression models were used to assess the risk of developing depression after adjusting for age, sex, BMI, smoking status, alcohol consumption, physical activity, income level, place of residence, DM, HTN, dyslipidemia, and CCI score as possible confounders. Results are presented as hazard ratios (HRs) with 95% confidence intervals (CIs). Model 1 was not adjusted. Model 2 was adjusted for age, sex, smoking status, alcohol consumption, regular physical activity, income level, and place of residence. Model 3 was additionally adjusted for model 2 for BMI, DM, HTN, and dyslipidemia. Model 4 was further adjusted for the CCI score. All statistical tests were two-tailed and the significance level was set at p < 0.05. All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).






Results




Baseline characteristics of the study subjects

A total of 137,996 people participated in this study. Of them, 34,499 people was TB survivors. A total of 103,497 people who were 1:3 matched with the TB group for age and sex were identified and included in the control group. Rates of DM and dyslipidemia were higher in the TB group than in the control group, whereas rates of HTN were higher in the control group than in the TB group. The TB group showed higher CCI score than the control group (mean ± standard deviation [SD]: 1.9 ± 1.78 vs. 1.01 ± 1.38) (Table 1).


Table 1 | Baseline characteristics of study participants.







Hazard ratios of tuberculosis for developing depression

Overall, the risk of developing depression was higher in TB survivors than in the control group (adjusted hazard ratio [aHR]: 1.20, 95% CI: 1.15-1.25). In men, the risk of developing depression was 1.32 times (95% CI: 1.25-1.39) higher in the TB group than in the control group. However, for women, the TB group did not show significantly increased risk of developing depression than in the control group (Table 2). Figure 2 presents Kaplan- Meier curves for cumulative incidence probability of depression according to TB during the follow-up period. Results revealed a significant difference in cumulative incidence probability between TB survivors and matched controls (log-rank p < 0.001).


Table 2 | Hazard ratios and 95% confidence intervals for the incidence of developing depression in tuberculosis survivors compared with matched controls.






Figure 2 | Kaplan-Meier curves for the risk of developing depression in tuberculosis survivors and matched controls.







Hazard ratios of anti-tuberculosis drugs for developing depression

Among TB survivors, those who took isoniazid, rifampicin, and ethambutol had lower risks of developing depression compared to those who did not take these drugs. In the case of taking pyrazinamide, the hazard ratio of developing depression was 1.27 (95% CI: 1.18-1.37), which was higher than that (1.18, 95% CI: 1.13-1.24) in the group of TB survivors who did not take pyrazinamide. For TB survivors taking para-aminosalicylate, cycloserine, and prothionamide, hazard ratios of developing depression were 1.52 (95% CI: 1.11-2.09), 1.52 (95% CI: 1.28-1.82), and 1.61 (95% CI: 1.29-2.00), respectively, compared to the control group. These were higher than the risk of TB survivors who did not take these drugs (Table 3).


Table 3 | Hazard ratios and 95% confidence intervals for the incidence of developing depression in tuberculosis survivors according to anti tuberculosis drugs.








Discussion

This study was about the relationship between TB and depression using data from the NHIS database of Korea. We hypothesized that: 1) TB would be associated with an increased risk of developing depression; and 2) the risk of developing depression would vary according to anti-TB drugs. Considering the results of this study, the first hypothesis was confirmed to have a high risk of developing depression in TB survivors. And the second hypothesis was confirmed through the finding that patients taking second-line anti-TB drugs such as para-aminosalicylate, cycloserine, and prothionamide had a higher risk of developing depression.

Previous studies have reported that not only patients with TB, but also individuals who have completed TB treatment, exhibit a higher incidence of depression and mental disorders (13, 14). A retrospective cohort study reported that individuals with a history of TB have a 24% higher risk of developing depression compared to those without a history of TB (13). Results of this study were similar to those of previous study in that TB survivors had a higher risk of developing depression than the general population. The increased risk of developing depression in patients with TB history is attributable to various biopsychosocial aspects. From a biological point of view, immuno-inflammatory response and lipid metabolism are considered potential mechanisms in the relationship between depression and TB (4). Human immune deficiency virus infection, poor social support, and perceived stigma can increase the risk of developing depression among patients with TB (15). TB infection or reactivation may precipitate depression, likely as a consequence of host’s inflammatory response and/or dysregulation of the hypothalamic-pituitary-adrenal axis (4). Considering social aspects, economic difficulties and malnutrition in patients with TB are risk factors for depression (3).

In this study, the risk of developing depression was significant in men with TB history, but not in women, compared to matched controls. A previous review article has reported that women with TB have a higher risk of developing depression than men (14).Some studies have suggested that the risk of developing depression is higher in men than in women among individuals with a history of TB, while most previous studies on gender differences in depression among patients with TB have indicated a higher risk for women (13). However, the present study found that the risk of developing depression was higher in men. The results of this study may differ from those of other studies, as depression was assessed during the follow-up period after the completion of TB treatment. In addition, this difference might be that unlike previous studies that primarily compared males and females, the present study distinguished itself by comparing the TB population with the general population. In this respect, this study was different from previous studies in that it excluded the risk of gender itself for developing depression and only compared synergistic effect of TB between men and women.

Worldwide, TB prevalence and active TB occurrence are higher in men than in women (16, 17). A study on gender differences of TB in Korea has reported that the mortality rate due to TB is higher in men than in women (18). A cohort study conducted in Australia and Taiwan has found that the prognosis of TB is worse and more severe in men than in women (19, 20). When considering the combined findings of these research results, it becomes evident that TB imposes a greater burden on men than on women (21). These gender differences in the disease course of TB can be considered as a cause of the synergistic effect of TB-induced depression in men.

Nevertheless, when considering the overall prevalence of depression, the rate of depression in women was found to be higher than in both the men with TB group and the control group. While the impact of TB on the development of depression is more pronounced in men than in women, the overall risk of developing depression remains higher in women. This suggests that the influence of gender on depression incidence may outweigh the effect of TB itself. Previous studies on gender and depression have indicated that women are approximately twice as likely to develop depression compared to men (22). A study conducted in South Korea also reported that women have a 1.58 times higher risk of developing depression than men (23). Therefore, although the increased risk of depression due to TB is higher in men than in women, attention to depression in women should be continuously maintained, as the prevalence of depression is higher in women.

Result of this study revealed that second-line anti-TB drugs such as para-aminosalicylate, cycloserine, and prothionamide increased the risk of developing depression (10, 24). Second-line anti-TB drugs, known for low tolerance and side effects, may include depression as a potential side effect (24). In a study conducted in Iran, it was reported that among the adverse effects of drugs used for MDR-TB, neurological side effects such as depression and suicide accounted for a large proportion (25). Among these second-line anti-TB drugs, especially, cycloserine has been reported to have neuropsychiatric toxicity, including depression, psychosis, and neuropathy due to good CSF penetration (26, 27). Severe psychiatric symptoms such as hallucinations, anxiety, and depression have been reported in 9.7%-50% of the patient group taking cycloserine (28). However, considering that most drugs mainly used as secondary anti-TB drugs have been shown to increase the risk of developing depression, other causes besides causes of individual drugs can be considered.

Patients with treatment-resistant TB had a high psychological burden due to effects of long-term TB treatment and chronic nature of MDR-TB, which can lead to a high risk of developing anxiety and depressive disorder (5). Patients’ feelings of isolation and hopelessness over long-term TB treatment using anti-TB drugs can contribute to the formation of depression (29). Second-line anti-TB drugs for TB are mainly used when first-line anti-TB drugs cannot be used due to low tolerance and side effects (24). Although MDR-TB patients were excluded from this study, the increased risk of developing depression among those who used para-aminosalicylate, cycloserine, and prothionamide suggests that the risk of depression could increase when drug treatment for TB is ineffective, a situation similar to MDR-TB. Also, given that depression can reduce TB treatment compliance, second-line anti-drugs might have been used due to low treatment compliance caused by undiagnosed depression (3).

In this study, it was found that cycloserine increased depression in TB group. However, some studies have shown that cycloserine is helpful for treating other psychiatric diseases including depression (30, 31). Cycloserine has been studied as a treatment for various neuropsychiatric disorders (such as schizophrenia, anxiety disorders, addiction, eating disorders, depression, and autism) and TB (30). In addition, there is also a research that taking cycloserine increases the therapeutic effect of cognitive behavior therapy, which is used for the treatment of anxiety disorders (31). Pharmacologically, cycloserine is a partial agonist for N-methyl-D-aspartate (NMDA). However, at high doses, it has an NMDA antagonistic action (32, 33). NMDA antagonists have antidepressant effects, which are helpful in the treatment of depression and acute suicidal ideation (34). Although results of this study showed that cycloserine increased the risk of depression, considering previous studies on cycloserine and depression, future studies need to determine whether cycloserine should be used as a treatment for depression in patients with TB.

Treating the accompanying depression is also an important part of TB management. Untreated depression can lead to persistent functional decline and a reduction in quality of life, even after TB treatment (35). In addition, this is because if depression accompanying in patients with TB is not treated, it may adversely affect results of TB treatment (36). Depression can lower treatment adherence in TB by affecting hygiene activities along with pathogenic mechanisms (3). Therefore, depression treatment is considered to play a very important role in the treatment of TB. It is necessary to take an approach by viewing TB and depression as one problem, not separate problems.

Appropriate antidepressant selection is important in the treatment of TB patients with depression. Anti-TB drugs, especially rifampicin, isoniazid, and fluoroquinolone, show clinically significant drug interactions with co-administered drugs during TB treatment. Thus, clinical caution is needed when using them (37). For this reason, it is important to manage drug-drug interactions with anti-TB drugs to improve the cure rate of TB and the quality of life of patients with TB (38). Drug-drug interactions of most anti-TB drugs are related to cytochrome P450 isoenzymes. Selective serotonin reuptake inhibitor, an antidepressant mainly used by clinicians, is also metabolized by cytochrome P450 isoenzymes (37, 39). Desvenlafaxine, the primary metabolite of venlafaxine, has a relatively simple metabolic pathway compared to other antidepressants. Thus, it has fewer interactions with drugs used for a variety of other physical conditions (39). Comparison of the safety of antidepressants including desvenlafaxine with anti-TB drugs in depressed patients with TB could help clinicians select antidepressants.

This study has several limitations. First, the diagnosis of depression and TB was based on ICD-10 codes and prescription history, which means that patients with undiagnosed TB or depression were excluded. In particular, individuals who had depression before the onset of TB but were neither diagnosed nor treated for it would have been classified as not having depression in the past. As a result, some patients with a history of depression may have been misclassified as having newly diagnosed depression. Furthermore, while depression onset may be related to TB, other factors such as comorbid conditions, psychosocial factors, and other medications could also influence depression development. Unfortunately, these factors could not be fully accounted for in this study. Second, the self-reported nature of the health examination questionnaire asking about personal life styles could be affected by recall bias. Third, since those who had participated in the general health screening program were included in the analyses, there was a potential for selection bias. Fourth, this study only targeted Koreans with a relatively high incidence of TB, making it difficult to generalize results to other ethnicities and countries. Fifth, not all anti-TB drugs were evaluated. In addition, the number of subjects used for certain anti-TB drugs was relatively small. In future studies, it would be helpful to add other anti-TB drugs, including injections, and analyze them according to first-line and second-line anti-TB drugs. Sixth, the limited follow-up period of this study may have resulted in undiagnosed cases of depression that occurred after the study period. Additionally, since the TB treatment was completed, there may have been a lack of medical need for further care, which could have led to the underdiagnosis and undertreatment of depression.

Despite these limitations, this study was meaningful in that it investigated the relationship between TB and depression through a large cohort in Korea. It was meaningful in that the risk of developing depression due to TB itself and anti-TB drugs was determined by comparing TB survivors and age and sex matched controls. Future research should aim to further investigate the gender differences in the mechanisms through which TB may contribute to the development of depression. Additionally, more definitive studies are needed to clarify the relationship between cycloserine and depression. Given the significant burden of depression among TB survivors, future studies should focus on exploring more comprehensive treatment options and strategies that not only address physical health but also provide better support for the mental health needs of TB survivors experiencing depression (6).





Conclusions

This study investigated the risk of developing depression in TB survivors using a large cohort in Korea. TB survivors had a higher risk of developing depression. In particular, the increased risk of depression was more prominent in men than in women. The risk of developing depression in TB survivors differed depending on the anti-TB drug used. It was high mainly in those who took second-line anti-TB drugs.
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