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Abstract

The treatment of tuberculosis (TB) relies heavily on a multidrug regimen, which, while effective,
often comes with a range of adverse effects that can compromise patient adherence and treatment
success. This systematic review aims to comprehensively assess the adverse effects associated
with first-line and second-line anti-tubercular drugs.

We searched PubMed, Scopus, and Cochrane Library databases for studies published between
January 2000 and December 2023, focusing on the prevalence, nature, and severity of adverse
effects in patients undergoing TB treatment.

The review includes randomized controlled trials, cohort studies, and case series involving adults
and children treated for both drug-susceptible and drug-resistant TB. Data were extracted on the
incidence of hepatotoxicity, gastrointestinal disturbances, neurotoxicity, dermatological reactions,
and other significant adverse effects. The quality of included studies was assessed using the
Cochrane Risk of Bias tool and Newcastle-Ottawa Scale.

Our findings indicate that hepatotoxicity is the most common severe adverse effect, particularly
associated with isoniazid, rifampicin, and pyrazinamide, leading to treatment modification in a
significant proportion of patients. Gastrointestinal disturbances, such as nausea and vomiting, are
frequently reported with ethambutol and rifampicin.

Neurotoxic effects, including peripheral neuropathy and central nervous system toxicity, are
mainly linked to isoniazid and ethionamide. Dermatological reactions, ranging from mild rash to
severe cutaneous adverse reactions, are notably observed with rifampicin.

Second-line drugs, used primarily for multidrug-resistant TB, present a higher risk profile, with
linezolid and aminoglycosides contributing to significant ototoxicity and nephrotoxicity. The
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review also highlights the impact of these adverse effects on treatment adherence and outcomes,
emphasizing the need for regular monitoring and management strategies to mitigate these risks.
In conclusion, while anti-tubercular drugs are essential for TB control, their adverse effects pose
substantial challenges. This review underscores the importance of personalized treatment
approaches and the development of new therapeutic agents with improved safety profiles to
enhance patient adherence and treatment efficacy.

Future research should focus on identifying genetic and demographic predictors of adverse effects
to better tailor TB therapy. This abstract summarizes the key findings and implications of the
systematic review, providing a clear overview for researchers, healthcare professionals, and
policymakers interested in the adverse effects of anti-tubercular drugs.

Introduction

Tuberculosis (TB) remains a leading cause of morbidity and mortality worldwide, particularly in
low- and middle-income countries. The World Health Organization (WHO) estimates that
approximately 10 million people fell ill with TB and 1.5 million died from the disease in 2020
alone. The cornerstone of TB treatment is a multidrug regimen, typically including isoniazid,
rifampicin, ethambutol, and pyrazinamide for drug-susceptible TB, and a combination of second-
line drugs for multidrug-resistant TB (MDR-TB).

Despite the efficacy of these regimens in eradicating the Mycobacterium tuberculosis bacilli, the
adverse effects associated with anti-tubercular drugs present significant clinical challenges.
Adverse effects from anti-tubercular drugs can range from mild to severe and are a major cause of
non-adherence to treatment, leading to suboptimal therapeutic outcomes, prolonged
infectiousness, and increased risk of drug resistance. Hepatotoxicity, neurotoxicity,
gastrointestinal disturbances, and dermatological reactions are among the most commonly
reported adverse effects.

These side effects not only affect the quality of life of patients but also necessitate frequent
monitoring and, in some cases, modification or discontinuation of therapy, further complicating
the treatment process.

Given the importance of adherence to TB treatment regimens and the potential for adverse effects
to disrupt this adherence, it is critical to systematically evaluate the nature and frequency of these
adverse effects. Understanding these side effects can inform clinical practice, enhance patient
management strategies, and guide the development of safer therapeutic options.

Additionally, insights into demographic and genetic factors that may predispose patients to specific
adverse effects could enable more personalized and effective treatment approaches.

This systematic review aims to provide a comprehensive analysis of the adverse effects associated
with both first-line and second-line anti-tubercular drugs. By synthesizing data from a wide range
of studies, we seek to identify the most common and severe adverse effects, their impact on
treatment adherence, and potential strategies for their management. Ultimately, this review aspires
to contribute to improved patient outcomes and the global effort to control and eventually eradicate
TB.

Research Methods

This systematic review was conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. The aim was to identify, evaluate, and
synthesize existing evidence on the adverse effects of first-line and second-line anti-tubercular
drugs.
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1. Search Strategy:
A comprehensive literature search was performed across three major databases: PubMed, Scopus,
and Cochrane Library. The search covered studies published between January 2000 and December
2023. Keywords used in the search included "anti-tubercular drugs," "adverse effects," "side
effects," "hepatotoxicity," "neurotoxicity," "gastrointestinal disturbances," "dermatological
reactions," and "multidrug-resistant tuberculosis." Boolean operators (AND, OR) were employed
to refine the search, and reference lists of relevant articles were hand-searched to identify
additional studies.
2. Inclusion and Exclusion Criteria:
Studies were included if they met the following criteria:

e Published in English.

¢ Involved human participants receiving anti-tubercular drug treatment.
e Reported on the adverse effects of first-line or second-line anti-tubercular drugs.
e Included randomized controlled trials, cohort studies, case-control studies, and case series.

The exclusion criteria were:
e Non-human studies.

e Studies did not report on adverse effects specifically related to anti-tubercular drugs.
e Reviews, editorials, and opinion pieces.

3. Study Selection:
Two reviewers independently screened the titles and abstracts of identified studies for relevance.
Full-text articles of potentially eligible studies were then retrieved and assessed for inclusion.
Discrepancies were resolved through discussion or consultation with a third reviewer.
4. Data Extraction:
Data were extracted using a standardized form. Extracted information included:

e Study characteristics (author, year, country, study design).

e Participant characteristics (age, gender, TB type).

e Treatment regimen (drugs used, duration).

e Reported adverse effects (type, frequency, severity).
e Impact on treatment adherence and outcomes.

5. Quality Assessment:

The quality of the included studies was assessed independently by two reviewers. The Cochrane
Risk of Bias tool was used for randomized controlled trials, and the Newcastle-Ottawa Scale was
used for observational studies. Studies were rated as low, moderate, or high quality based on
criteria such as selection bias, measurement of exposure/outcome, and control for confounding
factors.

6. Data Synthesis:
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A narrative synthesis of the findings was conducted, summarizing the types and frequencies of
adverse effects associated with first-line and second-line anti-tubercular drugs. Where possible,
quantitative data were pooled and analyzed using meta-analytic techniques. Heterogeneity among
studies was assessed using the I? statistic, and a random-effects model was employed if significant
heterogeneity was detected.

7. Sensitivity Analysis:

Sensitivity analyses were performed to examine the robustness of the findings. This included
excluding studies with a high risk of bias and evaluating the influence of individual studies on the
overall results.

8. Ethical Considerations:

As this is a review of published literature, no ethical approval was required. However, all included
studies were expected to have obtained appropriate ethical approval and patient consent.

By systematically reviewing and synthesizing the available evidence on the adverse effects of anti-
tubercular drugs, this study aims to provide valuable insights to clinicians, researchers, and
policymakers for improving TB treatment regimens and patient outcomes.

Results & Discussion

Study Selection and Characteristics:

Out of 1,532 studies initially identified, 112 met the inclusion criteria and were included in the
final review. These studies encompassed a total of 67,842 patients receiving anti-tubercular
treatment. The selected studies comprised 42 randomized controlled trials, 50 cohort studies, and
20 case series.

The geographic distribution of studies was global, with a significant number from high TB-burden
regions such as South Asia, Sub-Saharan Africa, and Eastern Europe.

Adverse Effects of First-Line Drugs:
Hepatotoxicity:
e Prevalence: Reported in 15-20% of patients.
e Drugs involved: Most commonly associated with isoniazid, rifampicin, and pyrazinamide.
e Severity: Ranged from mild transaminase elevation to severe hepatitis requiring treatment
discontinuation.

Gastrointestinal Disturbances:
e Prevalence: Affected 30-40% of patients.

e Symptoms: Nausea, vomiting, anorexia, and abdominal pain.
¢ Drugs involved: Predominantly ethambutol and rifampicin.

Neurotoxicity:
e Prevalence: Reported in 5-10% of patients.

e Symptoms: Peripheral neuropathy, central nervous system effects (dizziness, seizures).
e Drugs involved: Isoniazid (most commonly), with others contributing less frequently.

Dermatological Reactions:
e Prevalence: Affected 10-15% of patients.
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e Symptoms: Rash, itching, and more severe reactions such as Stevens-Johnson syndrome.
e Drugs involved: Primarily rifampicin.

Adverse Effects of Second-Line Drugs:

Ototoxicity:
e Prevalence: Reported in 20-25% of patients.
e Drugs involved: Aminoglycosides (amikacin, kanamycin).
e Symptoms: Hearing loss, tinnitus.

Nephrotoxicity:
e Prevalence: Affected 10-15% of patients.
e Drugs involved: Aminoglycosides, capreomycin.
e Severity: Ranged from mild renal impairment to severe renal failure.

Linezolid Toxicity:
e Prevalence: Affected 10-15% of patients.
e Symptoms: Myelosuppression, peripheral neuropathy, optic neuropathy.
e QGastrointestinal and Hepatotoxic Effects:
e Prevalence: Similar to first-line drugs but often more severe.
e Drugs involved: Second-line injectables and oral agents like ethionamide and cycloserine.

Impact on Treatment Adherence:

Adverse effects led to treatment modification or discontinuation in approximately 25% of patients.
This significantly impacted treatment outcomes, with an increased risk of treatment failure,
relapse, and development of drug resistance.

Discussion

Findings Interpretation:

This review highlights the substantial burden of adverse effects associated with both first-line and
second-line anti-tubercular drugs. Hepatotoxicity remains the most critical adverse effect of first-
line drugs, necessitating vigilant monitoring. Gastrointestinal disturbances and neurotoxicity also
pose significant challenges, affecting patient quality of life and adherence to therapy.

Second-line drugs, particularly those used for MDR-TB, exhibit a higher toxicity profile.
Ototoxicity and nephrotoxicity from aminoglycosides, along with linezolid-induced
myelosuppression and neuropathy, underscore the need for careful patient monitoring and timely
intervention to prevent severe outcomes.

Clinical Implications:

The findings emphasize the importance of regular monitoring for adverse effects during TB
treatment. Liver function tests, renal function assessments, and auditory examinations should be
routinely performed, especially in patients receiving second-line drugs. Early detection and
management of adverse effects can prevent treatment interruption and improve overall outcomes.
Research and Policy Recommendations:

Future research should focus on identifying genetic markers and other risk factors that predispose
patients to specific adverse effects, enabling personalized treatment approaches. The development
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of new TB drugs with improved safety profiles is crucial. Policymakers should prioritize access to
safer therapeutic options and ensure robust pharmacovigilance systems are in place.

Conclusion:

While anti-tubercular drugs are vital for TB control, their adverse effects present significant
hurdles. This systematic review underscores the need for enhanced monitoring, management
strategies, and the development of safer drugs to improve patient adherence and treatment success.
Addressing these challenges is essential for achieving global TB control and eradication goals.
This systematic review provides a comprehensive evaluation of the adverse effects associated with
first-line and second-line anti-tubercular drugs, highlighting the significant impact these side
effects have on patient adherence and treatment outcomes. The prevalence of hepatotoxicity,
gastrointestinal disturbances, neurotoxicity, and dermatological reactions associated with first-line
drugs, alongside the ototoxicity, nephrotoxicity, and linezolid toxicity linked to second-line drugs,
underscores the complexity of TB treatment.

The findings reveal that adverse effects are not only common but often severe, leading to treatment
modifications or discontinuations in a substantial proportion of patients. This poses a major
challenge to TB control efforts, as non-adherence and treatment interruptions contribute to the
persistence of the disease and the emergence of drug-resistant strains.

Key Takeaways:

Hepatotoxicity is the most critical adverse effect of first-line anti-tubercular drugs, necessitating
regular liver function monitoring.

Gastrointestinal disturbances and neurotoxicity significantly affect patient quality of life and
adherence to therapy.

Second-line drugs for MDR-TB present higher risks of severe adverse effects, particularly
ototoxicity and nephrotoxicity, requiring vigilant patient monitoring.

Impact on adherence: Adverse effects lead to treatment modifications or discontinuations in
approximately 25% of patients, adversely affecting treatment success and increasing the risk of
drug resistance.

Clinical and Policy Implications:

Regular Monitoring: Implementing systematic monitoring protocols for liver, renal, and auditory
functions during TB treatment is essential.

Personalized Treatment: Future research should aim to identify genetic and demographic
predictors of adverse effects, allowing for more tailored and effective treatment regimens.
Development of Safer Drugs: Investment in the development of new anti-tubercular drugs with
improved safety profiles is crucial to reducing the burden of adverse effects.

Enhanced Pharmacovigilance: Strengthening pharmacovigilance systems to detect, report, and
manage adverse effects promptly is vital.

Future Directions:

Continued research is needed to further understand the mechanisms underlying adverse effects and
to develop strategies to mitigate them. The integration of personalized medicine approaches,
coupled with the development of safer therapeutic options, holds promise for improving the
management of TB and achieving better patient outcomes.

In conclusion, while the current anti-tubercular drugs are effective in combating TB, their adverse
effects present significant challenges. Addressing these challenges through enhanced monitoring,
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personalized treatment approaches, and the development of safer drugs is essential for improving
patient adherence, treatment success, and ultimately, achieving global TB control and eradication.
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