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Introduction: Tuberculosis (TB) is one of the major public health issues in every country. Alcohol consumption is one of the reasons associated with the severity of symptoms and death among TB patients. The impact of alcohol use on TB relapse outcomes is still debatable. This study aimed to conduct a systematic review and meta-analysis (SR/MA) to find the link between alcohol use and TB relapse outcomes.

Methods: Data collection was performed from December 2021 to March 2022; and was obtained from electronic databases including CINAHL, PubMed, and Scopus. The researcher carefully searched and reviewed all the relevant research concerning drinking alcohol and relapse outcomes among TB patients. A set of inclusion and exclusion criteria was used to assess research publications. The methodological quality of eligible publications was assessed using the Newcastle–Ottawa Scale. Random meta-analysis was used to determine odds ratios (ORs) with a 95% confidence interval (CIs). The funnel plot, Begg's test, and Egger's test were employed to investigate publication bias.

Results: There were a total of 2,113 studies found and reviewed, and eight publications were chosen for the analysis. It was found that among TB patients with a moderate appearance of heterogeneity, drinking alcohol increases the probability of relapse (OR = 3.64; 95% CI: 2.26–5.88, p < 0.001) and mortality (OR = 1.72; 95% CI: 1.40–2.12, p < 0.001). The funnel plot, Begg's test, and Egger's test all revealed that there was no indication of publication bias.

Conclusions: Relapses and mortality among tuberculosis patients are considerably increased by alcohol drinking. More research into the causality of this link between the degree of alcohol use and the underlying processes is required.

Systematic review registration: PROSPERO [CRD 42022295865].
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Introduction

Tuberculosis (TB) is a major public health concern in every country (1). TB is a contagious illness that is one of the top 10 causes of mortality globally; and the main cause of death due to a single infectious agent (2). According to the World Health Organization (WHO), geographically, the majority of TB cases in 2019 were found in regions of South-East Asia (44%), Africa (25%), and the Western Pacific (18%), with smaller shares in the Eastern Mediterranean (8.2%), the Americas (2.9%), and Europe (2.5%). The eight countries that accounted for two-thirds of the total TB globally were India (26%), Indonesia (8.5%), China (8.4%), the Philippines (6.0%), Pakistan (5.7%), Nigeria (4.4%), Bangladesh (3.6%), and South Africa (3.6%) (2).

At present, the global TB incidence rate is slightly declining, but the relapse rate has increased (2). Between 2017 and 2019, the global number of people reported in 70 countries showed that the rate of treatment for multidrug-resistant TB (MDR) or rifampicin-resistant TB (RR-TB) increased by 10% or more (2). In 2017, WHO estimated that there were 10.0 million new cases of TB, including 0.56 million RR-TB cases, and of this, 82% were MDR-TB (3). The problem of TB relapse remains a major problem in underdeveloped or low-income countries. This is because underdeveloped countries have limited public health resources care due to a shortage of health personnel, budget, and technology, resulting in poor management. These patients have difficult access to the health system, resulting in discontinuation of medication, consequential in TB relapse.

Mycobacterium tuberculosis, a bacillus, causes TB, which is disseminated when persons with TB exhale germs into the air (e.g., by coughing). The illness mainly affects the lungs (pulmonary TB), but it can affect other organs as well (1). Due to comorbidities, such as diabetes, hypertension, rheumatism, and HIV infection, RR-TB patients bear greater spiritual and financial burdens in the event of TB relapse, low treatment success, and longer treatment period, especially among elderly patients who have significantly reduced physical function (1–3).

Exogenous reinfections cause TB relapses, which contribute to the prevalence rate of up to 27%. Their significance stems from the possibility of the emergence of multidrug-resistant Mycobacterium TB strains (4). The relapse of TB affects many aspects, including the physical, psychological, and social impacts on the patient (3). The retreatment of the patient increases the chance of developing drug-resistant pathogens; which requires patients to have a more extended treatment period, discourages patients from treating themselves, and makes treatment intermittent. TB relapse causes death, increases hospital admissions, and economic damage. It is a burden for the country to pay for medical expenses. Furthermore, households afflicted by TB endure catastrophic expenses. Since 2015, 17 countries have conducted a nationwide study of costs faced by TB patients and their homes, and it showed that with a range of 19–83%, 49% of persons with TB and their households suffered catastrophic expenses (defined as total costs equivalent to >20% of yearly household income). The proportion was even higher for persons with drug-resistant TB, at 80% (range: 67–100%) (3).

Factors affecting the development of TB depend on the infection concentration at the time of infection, nutrition, poverty, and disease or exposure to certain substances or drugs that suppress the immune system, that is, HIV infection; all these factors are to be considered. There are various recognized risk factors for TB relapse, including treatment methods, treatment length, treatment consistency, alcohol usage, smoking, increasing age, and HIV infection (1–8). The socio-demographic, cultural, clinical, and behavioral aspects are continuously being studied.

The effects of alcohol consumption on TB relapse have been studied, but the results have been inconsistent due to a variety of factors. It was not concluded that alcohol use was identified as a risk factor or correlated. Many studies suggest that alcohol has an effect on TB recurrence. Drinking alcohol has been assumed to be the cause of TB relapse. Alcohol reduces the activity of many types of white blood cells, which are the body's mechanisms used to rid the body of TB before spreading to the point of being sick; and white blood cells function less if we drink alcohol, such as macrophage, CD 4+ lymphocyte, and CD 8+ lymphocyte in T cells (9). People who drink alcohol have lower immunity than normal people. In addition, drinking alcohol can impair its effectiveness because alcohol interferes with Isoniazid, the primary drug used to treat TB (9). TB patients have a chance to get TB again. Patients with TB relapses increase the likelihood of developing drug-resistant pathogens, require a more extended treatment period, discourage patients from treating themselves, and make treatment intermittent. However, other studies have found that drinking alcohol has no effect on TB relapse (10).

TB relapse affects all aspects of the health system, family, community, and nation. In current studies, it was found that many TB patients had alcohol consumption behaviors. This behavior may be a contributing factor to TB relapse. However, the correlations between TB relapse and alcohol consumption are unclear and have potential public-health implications. Therefore, the researcher is interested in applying systematic review and meta-analysis methods to analyze correlations between alcohol use and the relapse of TB. The research aims to determine the effect of alcohol consumption on tuberculosis relapse outcomes.



Methods


Protocol and registration

The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement was used to conduct this systematic review and meta-analysis (11). This research was registered with PROSPERO (Registration Number CRD 42022295865).



Data sources and search strategy

CINAHL, PubMed, and Scopus databases were extensively searched to find relevant papers. Whenever possible, MeSH (Medical Subject Headings) was employed. We looked through bibliographic databases for relevant literature. The following keywords were used in the keyword search strategy: [Tuberculosis] AND [alcohol consumption OR alcohol drinking *] AND [relapse OR reinfection OR recurrence OR retreatment OR failure *] with slight adjustments depending on the database. There was no requirement for a study design or a language constraint. To prevent missing any papers, further searches were conducted in the reference lists of included research.



Study selection

This study included all relevant studies that presented clinical features and epidemiological information on drinking among TB patients. We applied the PICO approach to generate precise questions and searching terms which included, P: population (patient with Tuberculosis), I: intervention/exposure group (alcohol consumption), C: comparison group (no alcohol consumption), and O: outcomes (primary outcome: tuberculosis relapse; secondary outcome: death). We considered all publications of any kind (randomized controlled trials and observational studies). Exclusions included animal studies, reviews, comments, editorials, expert opinions, letters, conferences, meeting abstracts, case reports, case series, systematic reviews, and meta-analyses. Studies that did not contain impact estimates or had inadequate data to determine effect estimates were also excluded. Papers with a clear connection to the alcohol industry were excluded.



Outcomes measures

The primary outcome was TB patients' illness recurrence. Death among TB patients was a secondary result. The medical records as diagnosed and described by physicians were included in the phrase “disease relapse.” Any of the following criteria were used to determine relapse (12):

(I) Tuberculosis patients who are diagnosed and described by physicians.

(II) Relapse case, defined as a patient who has previously been treated for TB and has relapsed due to the same TB infection that caused the original TB disease, or reinfection: due to infection with a new strain after successful TB therapy.

(III) Death case, as patient with TB; patient death from Tuberculosis disease.



Data extraction and quality assessment

Each title, abstract, and full-text publication was separately screened for potentially suitable research by two investigators (The first and the fifth). Disagreements were settled after consulting with a third investigator (The third). All of the data that had been retrieved was examined independently by two scientists (The first and the fifth). The same investigators extracted information from all possibly relevant publications. Setting, geography, design, sample size, participant characteristics (such as age and sex), details of intervention/exposure (drinking status; non-drinking), details of outcomes (disease severity; relapse and death), and the number of TB patients were all retrieved from each research. The Newcastle–Ottawa Scale was used to assess the quality of individual research (NOS) (13). The NOS assigns a maximum of 9 points, with a total score of ≥7 indicating good quality research.



Statistical analysis

For each trial, we calculated the odds ratio (OR) and 95% confidence interval (CI) using the number of drinkers and non-drinkers and pre-specified outcomes (relapse and death). A random-effects model was used to integrate the pool effects. Cochran's Q-statistic was used to study heterogeneity. To indicate heterogeneity among trials for each analysis, an alpha value of 0.10 was selected. I2 (I square) values were used to depict the degree of heterogeneity. High, moderate, and low heterogeneity were indicated by I2 values of more than 75%, 25–75%, and <25%, respectively (13). When there was heterogeneity, an attempt was made to investigate the probable origins of heterogeneity. Begg's test, Egger's test, and the funnel plot were used to assess publication bias (14–16). In publication bias tests, a p < 0.05 indicated publication bias (17).



Sensitivity and subgroup analysis

When studies without adjusted OR were not reported, sensitivity analysis was used to assess the robustness of our analysis. Subgroup analyses were undertaken based on age, current and non-drinking status, and study quality.




Results

A total of 2,113 items were found in all databases during the first search. Duplicates were detected in 144 of these, which were removed. The title and abstract were used to filter all articles. After reviewing the abstracts, 1,940 papers were ruled out since their findings were unrelated to our goal. A total of eight papers comprising 17,128 TB patients were included in the meta-analysis after the complete text was evaluated (Figure 1). The important characteristics and outcomes of the included articles were collated (Table 1). Eight articles were conducted in China (3), one each in Columbia (4), Russia (18), India (19), Mexico (20), Croatia (7), South Africa (10), and Brazil (21). The majority of the publications were prospective studies. The average age of the patients in the studies considered was 50.28 years. Eight studies were included in the study: Four studies defined outcomes as relapse (3, 4, 7, 10) and four studies defined outcomes as death (18–21).


[image: Figure 1]
FIGURE 1. Selection flow diagram.



Table 1. General characteristics of eight studied included.
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Forest plot showed an odds ratio of TB relapse and death among TB patient drinkers. We excluded the study of Peltzer et al. (10) since I2 was high (73.2%), according to the difference in research method, setting, and age. The results showed that drinking alcohol significantly increased the risk of relapse (OR = 3.64; 95% CI: 2.26–5.88, p < 0.001) and also significantly increased the risk of death (OR = 1.72; 95% CI: 1.40–2.12, p < 0.001; Figure 2). In the subgroup analysis among drinkers by TB type, the results showed that drinking alcohol in multidrug resistance patients significantly increased the risk of death (OR = 1.53; 95% CI: 1.12–2.09, p < 0.001), drinking alcohol in men TB patients significantly increased the risk of death (OR = 1.90; 95% CI: 1.08–3.34, p < 0.001), and drinking alcohol in new TB patients significantly increased the risk of death (OR = 1.72; 95% CI: 1.40–2.12, p < 0.001) (Figure 3).


[image: Figure 2]
FIGURE 2. Forest plot showing odds ratio of tuberculosis relapse and death among drinkers.



[image: Figure 3]
FIGURE 3. Forest plot showing the effect of alcohol drinkers by tuberculosis type.


The results of the subgroups were similar to those of the overall research (Table 2). Subgroup analyses were conducted using omitted age ≥60 years, omitted MDR TB, and omitted Quality of the study (NOS) Stars <7. For the disease severity among drinkers, for the death among drinkers, and for omitted Age ≥ 60 years, the OR for the random-effects model in the different age groups was 1.72 (95% CI: 1.40–2.12, p < 0.001). For relapse among drinkers, the OR for the random-effects model in the different age groups was 3.66 (95% CI: 2.14–6.27, p < 0.001). The OR for the random-effects model in the MDR TB for death was 1.53 (95% CI: 1.12–2.09, p < 0.001). While the death OR from the random-effects model in the stars ≥5 group (NOS quality of study) was 1.90 (95% CI: 1.08–3.37, p < 0.001) (Table 2).


Table 2. Sensitivity and subgroup analysis.
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For death outcome, subgroup analysis among drinkers by TB types, the OR for MDR-TB was 1.53 (95% CI: 1.12–2.09, p < 0.001). Men had a higher risk with an OR of 1.90 (95% CI: 1.08–3.34, p < 0.001) than those in women. In addition, new TB patients were associated with death with OR of 1.90 (95% CI: 1.37–2.64, p < 0.001) (Figure 3). A sensitivity analysis found that, when removing the elderly, paper 3, drinking caused relapse by 3.66 (95% CI: 2.14–6.27, p < 0.001) (Figure 4).


[image: Figure 4]
FIGURE 4. Forest plot showing effect of alcohol on TB relapse in people age < 60 years.



Publication bias of included studies

A review of publication bias was carried out. The symmetric funnel plot demonstrated no apparent publication bias; and Begg's and Egger's tests found no significant differences in all age groups and outcomes (Supplementary Figures 1, 2).




Discussion

To the best of our knowledge, this is the first study to find the relationship between drinking alcohol and relapse in TB patients. We discovered that consuming alcohol substantially increases the risk of relapse in TB patients (OR = 3.64; 95%CI: 2.26–5.88, p < 0.001), as well as the risk of mortality (OR = 1.72; 95%CI: 1.40–2.12, p < 0.001).

Alcohol is widely consumed by individuals of all ages worldwide. The question of whether drinking is healthy or bad for one's health is always a topic of discussion. Alcohol users may have poorer TB treatment outcomes due to behavioral processes such as poor drug adherence and a higher rate of loss to follow-up (LTFU) (18, 22, 23), or physiological mechanisms, such as how alcohol affects innate and adaptive immune responses (24) lung function and barrier protection (25), hepatotoxicity (26), and TB and human immunodeficiency virus (HIV) drug absorption and metabolism (27). As a result, TB patients experience relapse and death.

Mechanisms of alcohol causing TB relapse can be explained as follows: alcohol reduces the activity of many types of white blood cells in the group of T cells, such as macrophages, CD4+ lymphocytes, and CD8+ lymphocytes. Drinkers have a poorer immune system than the general population. The efficiency of the major medicine used to treat TB, isoniazid, is reduced when alcohol is consumed (9). Relapsed TB has a variety of consequences, including related health diseases, death, loss of income for families, and the state of having to spend a significant amount of money on medical care. Relapse rates are higher, which is associated with heavy drinking or with alcohol use disorder (AUD) behaviors. This appears to support previous findings of a deleterious impact of excessive drinking/AUD on the clinical course of TB, increased relapse rates, and exposure to the most harmful forms of the disease (9, 28), in line with other research (29).

The death of TB patients is a major reason why TB treatment initiatives have failed to reach their objectives. The use of alcohol was linked to a significantly increased risk of death (30). Previous research has looked into the negative consequences of alcohol use and TB, such as death (18–21, 30), treatment failure (10, 22, 30), default (10, 18), and loss of follow-up (30). The answer is in the relapse studies; however, it is still unclear. Relapse has numerous challenges and ramifications for both the patient's family and the healthcare system. The rate of TB relapse has been gradually increasing. As a result, understanding the mechanism, difficulties, and effects of relapse is beneficial to healthcare professionals in treating and caring for patients, as well as approaches for preventing TB relapse.

Selassie et al. (6) found a nearly 4-fold increase in the likelihood of relapse in the group of alcoholics. The Batista study discovered no link between alcohol use and relapse (31) when calculating the amount of alcohol consumed that influences TB. The majority of research did not specify how much drinking affects TB. However, heavy drinkers (20 g or more per day) were shown to be at 1.34 times at risk of TB failure and default in studies (10). The immune system is weakened by alcohol consumption, which increases the risk of active TB. Drinking (~1 to 4 glasses per week) in middle-aged and older adults was connected to a lower risk of dying from various diseases than not drinking (32). However, according to some studies, the amount of drinking formerly suggested for women was one drink per day or fewer, while for males, it was two drinks per day or less. The amount of alcohol consumed is excessive, posing a health risk. Alcohol intake can have a negative impact on one's overall health (33). People who use more than 40 g of alcohol per day and/or have an alcohol use disorder are at a higher risk of developing active TB. This could be due to both an increased risk of infection linked with specific social mixing patterns associated with alcohol use, as well as alcohol's and alcohol-related diseases' influence on the immune system (28). TB relapse patient was associated with alcohol use. Other studies found that TB retreatment patients category (34) and TB medication non-adherence (35, 36) have led to relapses, to be associated with alcohol use. This seems to confirm evidence of AUD on the outcome course of TB, higher relapse rates, and experiencing the most destructive forms of TB (10).

Tuberculosis type and severity of TB patient drinkers are two factors to be considered. The study discovered variables of AUD among patients with MDR-TB compared to their non-TB controls, as well as its connection with disease patterns and associated medical comorbidities. AUD was common in MDR-TB patients and was linked to several medical comorbidities as well as a worsening of the illness's severity (37). Drinking alcohol is a risk factor for relapse and mortality in TB patients, according to our investigation using a large sample size.



Strengths and limitations

This study offers various advantages. First, we conducted a thorough search of major databases including (CINAHL, PubMed, and Scopus), as is customary when doing a systematic review. Second, we used a broad search approach with no constraints on language or research design. Third, this meta-analysis follows the PRISMA checklist's recommended technique for systematic reviews and meta-analyses. Fourth, our investigation included up-to-date evidence and was carried out utilizing proper statistical procedures for analysis. Finally, the robustness analysis, which included sensitivity analysis and subgroup analysis, demonstrated that the results remained unaltered. The limitations of the study are as follows: First, we searched through four large databases, which may or may not have included all relevant research. Despite this, we discovered no indication of publication bias after using Begg's test, Egger's test, and a funnel plot. Second, this study did not include data on the amount of alcohol consumed, despite the fact that studies have shown that this is an effective method of drinking after being diagnosed.

As a result, the findings should be regarded with care. However, the effects of drinking alcohol in our research were constant across trials, which might imply that the findings are highly generalizable to any situation. Second, the degree of alcohol use was an essential component that may have an impact on our findings. Nonetheless, our sensitivity analysis revealed that drinking alcohol had a detrimental impact on the outcomes.



Further research directions

To answer issues concerning the likelihood of recurrence and TB patients, well-designed prospective cohort studies are required. There is a need for more data from drinking alcohol that is routinely documented and examined among TB patients. Some characteristics, such as alcohol consumption level, kind and degree of consumption, length of drinking, alcohol addiction, size, amount, and duration of drinking, determine the outcome and determine when to stop drinking. These have an influence on the development of the condition.



Conclusion

Alcohol use has been identified as a risk factor for TB recurrence and mortality in TB patients. People who consume alcohol have a greater risk of relapse and mortality from TB than those who do not consume alcohol. As a result, initiatives to minimize alcohol use among TB patients should be conducted to reduce the detrimental impacts that may occur to people, families, and communities. The results of this study can be used to inform even clinical practitioners or the policy makers on the control of alcohol consumption in TB patients and the intervention to prevent the recurrence of TB.
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