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Abstract

Drug-resistant tuberculosis (DR-TB) is a major challenge in TB control in Indonesia. This
structured narrative review maps evidence on prior treatment history, medication adherence, and
adverse effects of anti-tuberculosis drugs (ATD), distinguishing direct evidence on DR-TB from
indirect evidence on treatment experience and adherence. A structured search of Google Scholar,
Portal Garuda, PubMed, and institutional repositories was conducted for Indonesian- and English-
language publications from 2020 to 2026. The initial search identified 668 records; twelve sources
were retained in the narrative corpus, while six studies with sufficiently extractable findings are
presented in the expanded characteristics table. Reported odds ratios (ORs) for prior treatment
history ranged from 2.4 to 8.0 in cited observational studies, but confidence intervals were not
consistently available and estimates were not pooled. Evidence linking adverse effects with non-
adherence was indirect, and the available material did not establish mediation, temporal
sequence, or a universal causal pathway to DR-TB. Acquired and transmitted resistance are
discussed separately. The proposed three-factor relationship is retained only as a conceptual
synthesis for future prospective research.

Keywords: adherence to medication; drug-resistant tuberculosis; literature review; side
effects of anti-tuberculosis drugs; TB treatment history
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INTRODUCTION

Tuberculosis (TB) remains one of the most serious public health problems at the global
level. Based on the Global Tuberculosis Report 2025, an estimated 10.7 million new TB cases were
recorded worldwide in 2024, with Indonesia occupying the second position among the largest
contributors to the case burden after India (around 10% of global cases). The challenge of TB
control has become increasingly complex with the emergence of a subpopulation of patients
experiencing resistance to first-line anti-tuberculosis drugs, or drug-resistant tuberculosis (DR-TB).
In 2024, an estimated 390,000 new cases of multidrug-resistant/rifampicin-resistant TB (MDR/RR-
TB) occurred globally, yet only 42% of them successfully accessed adequate therapy (World Health
Organization, 2025).

DR-TB can emerge through more than one process. Acquired resistance can develop when
the bacterial population is exposed to inadequate drug pressure, for example due to an unsuitable
regimen, impaired absorption, drug interactions, or incomplete treatment. On the other hand,
transmitted resistance occurs when a person is infected by a strain that is already resistant from
the outset. Because these two processes cannot be distinguished from a cross-sectional design or
the secondary data summarized in this review alone, non-adherence should not be regarded as a
universal cause of DR-TB.

Prior treatment history, recurrent TB episodes, the regimen used, access to services, and
strain characteristics may be related to resistance status, but the direction and mechanism of the
relationship must be interpreted with caution. The side effects of anti-tuberculosis drugs may also
be influenced by the regimen and disease severity, so they do not automatically precede DR-TB.

Although these three factors have been widely studied, the majority of prior literature has
examined them separately and partially. Some studies limit their focus to treatment history as a
single predictor, other studies examine adherence only in relation to general sputum conversion
success without linking it to resistance, and another group of studies place the side effects of anti-
tuberculosis drugs merely as a determinant of non-adherence without elaborating the subsequent
pathway toward the formation of resistant strains (Christy et al., 2022).

The available literature still varies in terms of population, exposure definition, and
outcome. Some studies assess treatment history or resistance patterns directly, whereas other
studies assess adherence, side effects, family support, or treatment outcomes. These differences
make the synthesis of the three variables as a single causal model not yet justifiable. This review
therefore aims to map the direction and directness of evidence regarding treatment history,
medication adherence, and the side effects of anti-tuberculosis drugs, and to construct a
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conceptual framework that is hypothetical in nature rather than a validated causal model.

RESEARCH METHOD

This study uses a structured narrative review design, not a systematic review or meta-
analysis. PRISMA was used in a limited way as a transparency reporting framework. The search
was conducted on Google Scholar, Portal Garuda, PubMed, and institutional repositories for
Indonesian- and English-language publications from 2020 to 2026. Google Scholar and Portal
Garuda were retained to capture Indonesian publications and grey literature, while PubMed was
used to broaden the coverage of international biomedical publications. The Scopus, Web of
Science, Embase, and Cochrane Library databases were not used. The search dates, database-
specific filters, citation tracking process, and reference-list checking were not fully recorded in the
source manuscript. Likewise, the deduplication log and the handling of publications with
overlapping populations were not available; these limitations are stated so that the results are not
positioned as a fully replicable systematic review.

Data extraction was directed at identifying author/year, setting, design, sample size,
population, exposure, outcome definition, measurement method, measure of association,
confounder adjustment, and methodological quality information. Evidence was separated into
direct evidence when a study assessed DR-TB status or resistance patterns as an outcome, and
indirect evidence when a study only assessed adherence, side effects, family support, treatment
discontinuation, or therapy outcomes. No meta-analysis was performed because of heterogeneity
in design, population, variable definitions, and outcomes, and because confidence intervals were
not consistently available. Item-by-item appraisal using a validated instrument could not be
reliably reconstructed from the available source summaries; Table 3 therefore records the quality
assessment as "unclear from the available report,” and this limitation was considered in the
interpretation.

Table 1. Literature Search Strategy, Number of Findings, and Original Data Extraction Targets

. Records .
Standardized Boolean search . Data extraction
Database (initial >
terms target
selected)

("drug-resistant tuberculosis"
Google Scholar OR "DR-TB" OR "MDR-TB") 425 55
AND ("treatment history" OR

Therapy history,
adherence, and side
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. Records .
Standardized Boolean search L. Data extraction
Database (initial >
terms target
selected)
"adherence" OR "ATD side effects in Indonesian
effects") publications
("drug-resistant tuberculosis" ) .
| | Indonesian empirical
OR "DR-TB") AND .
. data on resistance,
Portal Garuda ("treatment history" OR 11253
o adherence, and
"medication adherence" OR -
\ _ .\ tolerability
ATD side effects")
("Drug-Resistant
Tuberculosis" OR "MDR-TB" Resistance
OR "rifampicin-resistant status/pattern,
PubMed (NCBI) tuberculosis") AND 86> 2 adherence, side
("treatment history" OR effects, and measures
"medication adherence" OR of association
"side effects")
("DR-TB" OR "MDR-TB") AND L .
.\ | | Quantitative primary
N ... | ("adherence" OR "treatment o
Institutional/university \ o data, monitoring
o supporter") AND ("side 45 5 2 )
repositories y o records, and service
effects" OR "treatment
. context
history")

Based on the available search records, four information sources produced a total of 668
initial records. The source manuscript did not retain details of the number of duplicates, the
number of records screened, the number of full texts assessed, the number of full texts excluded
together with the reasons, or the search dates. A complete numerical PRISMA flow therefore
cannot be reconstructed without fabricating data. Twelve sources were retained in the narrative
corpus, but only six studies had findings clear enough to be summarized in Table 3. These figures
are consistent across the abstract, methods, results, and tables; the difference between twelve
sources and six detailed studies is explained as the difference between the narrative corpus and
studies with extractable data.
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Table 2. Inclusion and Exclusion Criteria Based on PEOS Parameters

IJEVSS

Parameter . .. . o
Inclusion criteria Exclusion criteria
(PEOS)
TB patients undergoing
treatment, including DR-
TB/MDR-TB patients and, where | Latent TB patients, pediatric
available, a drug-sensitive TB patients if they cannot be
. comparison group. In studies separated, or populations
Population N . ]
recruiting only DR-TB patients, without relevant
the outcome is interpreted asa | treatment/resistance status
resistance pattern or therapy information.
outcome, not the incidence of
DR-TB.
Prior treatment history,
. Exposures unrelated to ATD
adherence, ATD side effects, ]
) treatment or studies that
family support, or treatment . } ]
Exposure ) discuss only genetic/pollution
supporter measured by medical .
) ) factors without relevant
records, questionnaires, or .
o . treatment variables.
clinical observation.
Primary outcome: DR-TB status
or resistance pattern if
measured directly. ) )
Studies without extractable
Secondary/contextual outcome: o .
] clinical or behavioral outcomes,
Outcome adherence, side effects, loss to )
and cost analyses without a
follow-up, and therapy
relevant outcome.
outcome. Secondary outcomes
were not used to infer direct
determinants of DR-TB.
Primary observational articles
(cross-sectional, case-control, Literature reviews without
Study design | retrospective/prospective measured data, opinions,
cohort) and guideline sources editorials, or single case reports.
used for clinical context.
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Parameter . L. . .
Inclusion criteria Exclusion criteria
(PEOS)

Vear & Publications 2020-2026 Articles before 2020, abstracts

ear

o available in full text or relevant | only, or full texts that could not
accessibility o .
guideline sources. be obtained.

RESEARCH RESULTS

From the corpus of twelve sources, six studies with adequately extractable findings are

summarized in Table 3. These studies did not measure the same outcome: some assessed

resistance status or patterns, while others assessed adherence, side effects, family support, or
treatment outcomes. The results are therefore presented as evidence mapping and are not used
to conclude that all factors are direct determinants of DR-TB.

Table 3. Study Characteristics, Measurement, Effect Estimates, and Reporting Quality

Methodol
Author/ . . . Outcome | Measure Effect Confounder .
Setting Design n Population Exposure L . . ogical
year definition | ment estimate adjustment .
quality
Patient Clinical
wa:tLen : First-line MDR/pre- ml:cli?:a{ Unclear;
Wahidah XDR OR 2.4; Cl/p Unclear from | item-level
. Cross- Not MDR/pre- ATD . record . . .
etal. Indonesia . resistance not available | the available | appraisal
sectional stated | XDRor treatment data as . .
(2024) . . status/pat . in summary report unavailabl
resistance history summariz
tern e
pattern ed
B Medical Unclear:
Retrospec history, Resistance | records/c | OR3.5;5.2; retros écti
Maghfiro . P treatment | history/pa | linical 8.0; CI/p not | Unclear from p
tive Not TB-MDR . . . . ve design
hetal. East Java . . failure, ttern and observati | available; the available
descriptiv | stated | patients . . . and
(2025) discontinu | side-effect | onas neuropathy report L
e . . . limited
ation; side | frequency | summariz | 68% reportin
effects ed P €
Question
. Bengk ATD side- | Adh i b
Christy engkaya sae erenc nalre(o s p<0.05; Unclear from | Unclear;
ng, West Cross- Not . effect e level, ervation . .
et al. . . TB patients . OR/Cl not the available | indirect
Kalimanta | sectional stated complaint | not DR-TB | as . .
(2022) . . available report evidence
n s directly summariz
ed
Adherenc
Treatmen N
Wirat . Treat t | inst . Unclear fro Unclear;
ratmo . Cross- Not Pulmonary t history reatment | Ins r'f”T‘e Effect size/Cl ne ar. rom . n? ear
et al. Indonesia . . . adherenc nt/clinical . the available | indirect
sectional stated | TB patients and side not available .
(2021) e record as report evidence
effects .
summariz
ed
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Methodol
Author/ . . . Outcome | Measure Effect Confounder .
Setting Design n Population Exposure .. . . ogical
year definition | ment estimate adjustment R
quality
Knowledg
Pegan . uestion
Fera et gang e of side- Treatment Q . p=0.012; Unclear from | Unclear;
Baru Cross- Not Adult TB naire as . s
al. . . effect adherenc . OR/Cl not the available | indirect
Health sectional stated | patients summariz . .
(2026) managem | e available report evidence
Center ed
ent
. Effect size/Cl
Family L .
. Medicatio | Question | not
Novian support . . Unclear from | Unclear;
. Cross- Not TB-MDR n naire as available; . .
etal. Indonesia . . and . . the available | indirect
sectional stated | patients adherenc summariz | mediation .
(2023) treatment report evidence
e ed term not
supporter
used

To prevent the combination of incomparable evidence, the synthesis is divided into four
relationships. (a) The relationship between prior treatment history and DR-TB/resistance pattern
is directly supported by some observational studies, including the OR reports in Wahidah et al.
(2024) and Maghfiroh et al. (2025). (b) The relationship between ATD side effects and non-
adherence is supported by studies assessing adherence as an outcome, such as Christy et al.
(2022), Wiratmo et al. (2021), and Fera et al. (2026). (c) The relationship between non-adherence
and treatment failure cannot be directly confirmed from the available study summaries because
the definitions and outcomes differ. (d) The relationship between treatment failure and DR-TB is
a biologically plausible mechanism and is partly reflected in treatment history, but has not been
tested as a complete temporal chain in this corpus. The integrated relationship presented in Table
4 is therefore a conceptual synthesis, not a proven empirical causal model.

Treatment History

Several observational studies report a relationship between prior treatment history and
resistance status or pattern. Wahidah et al. (2024) reported an OR of 2.4 for the relationship
between first-line ATD treatment history and MDR/pre-XDR. Maghfiroh et al. (2025) reported an
OR of 3.5 for treatment-failure history, 5.2 for treatment discontinuation/loss to follow-up, and
8.0 for recurrent TB history. These figures are odds ratios, not risk ratios or incidence ratios.
Confidence intervals and individual sample sizes were not consistently available in the accessible
source summaries; the precision of the estimates, the possibility of small-study effects, and cross-
study comparisons must therefore be interpreted with caution.
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Medication Adherence

The literature shows variation in adherence levels among TB patients across health
facilities. The findings of Wiratmo et al. (2021) and Novian et al. (2023) mainly discuss factors
related to adherence, family support, or treatment supervision. These findings support the
importance of support and supervision in the continuity of treatment, but do not directly prove
that non-adherence causes DR-TB. Because the size, definition of non-adherence, and outcomes
differ across studies, the results are not summarized as a single combined effect size.

Anti-Tuberculosis Drug Side Effects

The reported side effects were mainly somatic complaints. Maghfiroh et al. (2025)
reported peripheral neuropathy at 68%, nausea and vomiting at 50%, and anorexia at 40% in the
studied population. Christy et al. (2022) reported a relationship between ATD side-effect
complaints and adherence level, while Fera et al. (2026) reported a relationship between
knowledge of side-effect management and adherence (p=0.012). These findings suggest a possible
clinical-behavioral pathway that warrants further study, but do not prove that side effects are a
cause of DR-TB or a statistical mediator between exposure and outcome.

DISCUSSION

The separation between outcomes that were actually measured and theoretical
interpretation is important in assessing the evidence regarding DR-TB. The relationship between
treatment history and resistance status or pattern may be influenced by HIV, diabetes, nutritional
status, socioeconomic conditions, smoking, alcohol consumption, prior TB episodes, treatment
regimen, access to health services, social support, disease severity, and strain characteristics. Not
all studies reported or adjusted for these factors, so residual confounding may explain part of the
observed associations. In addition, DR-TB may be resistance acquired during treatment or
resistance transmitted from a resistant strain. The OR value should therefore not be translated as
absolute risk or as evidence that treatment history directly produces resistance.

The reviewed studies provide support that adherence, family support, and treatment
supervision are related to the continuity of treatment or therapy outcomes. However, this
evidence is not uniform and mostly does not measure DR-TB as the main outcome. Biologically,
incomplete treatment can be considered a plausible mechanism, but this review cannot confirm
that every episode of non-adherence ends in resistance. Terms such as "associated with treatment
failure" are more appropriate to use than "causing DR-TB."
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ATD side effects can be viewed as a possible intermediate mechanism or potential pathway

linking the experience of drug toxicity with non-adherence. However, the term "mediator" is not

used because the summarized studies did not report mediation analysis, path analysis, structural

equation modeling, or a longitudinal design capable of testing temporality. Reverse causality

needs to be considered: DR-TB patients may receive a more complex or more toxic regimen, so

that side effects are actually a consequence of DR-TB treatment rather than its cause. The

relationship between side effects and adherence therefore needs to be interpreted as an

association that requires prospective testing and confounder control.

The mapping of the four groups of evidence is summarized in Table 4. This table is not a

causal model and is not intended to state that the relationships among variables have been proven

sequentially.

Table 4. Mapping of Evidence Directness and Interpretive Boundaries

Evidence category

What the included sources
show

Interpretive boundary

(a) Treatment history—
DR-TB/resistance
pattern

Some observational studies
report an association; OR
2.4-8.0 in certain sources.

ORis not a risk ratio; Cls
are inconsistent;
confounding and
reverse causality may
occur.

(b) Side effects—non-
adherence

Several studies report a
relationship between side
effects/knowledge of side
effects and adherence.

The outcome is
generally adherence,
not DR-TB; does not
prove mediation.

(c) Non-adherence—
treatment failure

Theoretically plausible, but
the direct relationship is
inconsistent or cannot be
extracted from the source
summaries.

Must not be treated as
a proven empirical
relationship.

(d) Treatment failure—
DR-TB

Some reports of treatment-
failure history/resistance
pattern support a possible
association.

Has not proven a
complete temporal
sequence; resistance
may be acquired or
transmitted.
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The contribution of this study lies in the separation of four groups of evidence: treatment
history—DR-TB/resistance pattern, side effects—non-adherence, non-adherence—treatment
failure, and treatment failure-DR-TB. This mapping prevents evidence A (side effects—non-
adherence) from being automatically combined with evidence B (treatment history—resistance)
into an A-B—-DR-TB claim that has not been directly tested. The relationships among variables can
be used as a hypothetical framework for cohort or longitudinal research, but not as a validated
causal chain.

A safer clinical implication is the need for side-effect monitoring, counseling, and
adherence support from the beginning of treatment. Such interventions are worth considering to
improve the continuity of therapy, but their effectiveness in preventing DR-TB needs to be tested
with a design that can ensure the temporal sequence and control for confounders.

CONCLUSION

This structured narrative review shows that prior treatment history is related to resistance
status or pattern in some observational studies, while adherence and side effects are more often
studied as outcomes or indirect pathways. The reported ORs ranged from 2.4 to 8.0 in certain
sources, but these figures are not risk ratios, confidence intervals and sample sizes were not
consistently available, and the estimates were not pooled. The available evidence has not proven
that side effects are a mediator or that a temporal chain of side effects - non-adherence -
treatment failure - DR-TB exists. Acquired resistance and transmitted resistance must be
distinguished in subsequent research. The conceptual framework presented is hypothetical and
can be used to design prospective research with temporal measurement, confounder assessment,
and more complete quality appraisal.
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