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Abstract 

 
Background. Drug-sensitive tuberculosis (TB) treatment success in low- and middle-income countries 

(LMICs) has historically fallen short of the WHO's 85% benchmark. Predictors of treatment success 

are well described, but newer adherence-focused interventions, including digital tools introduced since 

2018, have not been synthesized alongside contemporary evidence on predictors. 

 

Methods. A systematic review and meta-analysis followed PRISMA guidelines and covered the period 

from January 2018 to April 2023 across PubMed, ScienceDirect, EBSCOhost, Cochrane Library, and 

CINAHL. Eligible studies reported treatment success rates, predictors, or interventions for drug-

sensitive TB in LMICs. Random-effects models yielded pooled odds ratios (ORs) and effect sizes (ESs) 

with 95% confidence intervals (CIs); heterogeneity was assessed using I². Risk of bias was appraised 

using the Joanna Briggs Institute (JBI) checklist. 

 

Results. Eighty-four studies met inclusion criteria (71 observational, 12 controlled interventional, 1 

uncontrolled interventional), covering 806,664 participants. Pooled treatment success was 87.6%, 

exceeding the WHO benchmark. HIV-negative status (OR 2.05, 95% CI 1.76–2.39), new case status 

(OR 2.23, 1.88–2.63), directly observed therapy (DOTS) receipt (OR 2.93, 1.74–4.93), and absence of 

smoking or alcohol use were significantly associated with success; residence, TB site, and 

bacteriological confirmation were not. Five interventions significantly improved success rates: 

asynchronous video observed therapy (aVOT) (ES 17.99, 2.47–131.03), medication event monitoring 

systems (MEMS) (ES 3.55, 1.80–7.00), patient support groups (ES 2.15, 1.86–2.48), pharmaceutical 

care (ES 2.09, 1.01–4.34), and a modified drug regimen (ES 1.75, 1.05–2.92). 
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Conclusion and Implications. This review confirms established predictors and provides the first 

quantitative synthesis of newer digital adherence interventions, aVOT and MEMS particularly, for 

drug-sensitive TB in LMICs. Feasibility of digital interventions should be weighed against local digital 

access and health infrastructure before scale-up. 

 

Registration. This review was not prospectively registered in PROSPERO or another public registry, 

which is disclosed here as a limitation. 

 

Keywords: Developing Countries, Medication Adherence, Meta-Analysis, Systematic Review, 

Treatment Outcome, Tuberculosis 
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Research Highlights 

What is the current knowledge? 

● Established predictors of drug-sensitive TB treatment success, HIV-negative status, new case 

status, receipt of DOTS, and absence of smoking or alcohol use, are well described in earlier 

systematic reviews (Teferi 2021; Chaves Torres et al. 2019). 

● Earlier reviews reported pooled treatment success rates below the WHO benchmark of 85% 

(79% in Africa; 80.1% globally), and did not evaluate the effectiveness of interventions 

alongside predictors. 

● Newer adherence-focused digital interventions, including asynchronous video observed 

therapy and medication event monitoring systems, have emerged since 2018 but have not 

been quantitatively synthesized for LMIC settings specifically. 

 

What is new in this study? 

● This review provides an updated (2018–2023) pooled treatment success estimate of 87.6%, 

higher than earlier reviews, and reports the first quantitative synthesis combining 

contemporary predictor confirmation with intervention-effectiveness estimates in one review. 

● Five adherence interventions showed statistically significant effects, with asynchronous video 

observed therapy showing the largest pooled effect size (17.99) reported to date for this 

outcome in an LMIC setting. 

● The findings clarify which interventions have quantitative support for scale-up in resource-

limited settings, and which require further evaluation given feasibility constraints such as 

digital access. 
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Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). Non-commercial uses of the work are permitted, 

provided the original work is properly cited. 
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INTRODUCTION 

 
According to the 2024 Global Tuberculosis Report, an estimated 10.6 million people fell ill with 

tuberculosis (TB) in 2023, with over 87% of cases occurring in low- and middle-income countries 

(LMICs) (World Health Organization, 2024). TB remains among the leading infectious causes of death 

worldwide, and progress toward global elimination targets has been uneven across regions. 

LMICs bear this burden disproportionately while contending with brittle health infrastructure, 

workforce shortages, and constrained diagnostic capacity, which compound delays in case detection 

and disrupt sustained treatment follow-through (World Health Organization, 2019, 2024). These structural 

constraints mean that gains in TB control in such settings depend as much on health-system-level 

adherence support as on the availability of effective anti-TB regimens. 

The World Health Organization's End TB Strategy aims to reduce TB incidence and mortality through 

integrated, patient-centered care, with improved treatment outcomes as a core target (World Health 

Organization, 2019). High default rates, treatment interruptions, and therapeutic non-adherence 

continue to impede progress, despite drug-sensitive TB treatment being highly successful when started 

promptly and followed consistently for six to nine months (World Health Organization, 2019). 

Treatment success, rather than incidence alone, is the outcome most directly actionable by health 

systems and clinicians: it reflects not only access to diagnosis and medication but also the adherence 

support, follow-up systems, and patient-level factors that determine whether a course of therapy is 

completed successfully. Understanding which of these factors and which interventions most reliably 

improve treatment success is therefore central to closing the gap between TB diagnosis and TB cure. 

Poor outcomes are also linked to limited patient awareness of TB (Jing et al., 2024; Craciun et al., 

2023). Effective diagnosis, optimal adherence, and appropriate anti-TB medication use remain central 

to reducing TB transmission and mortality (Adisa et al., 2021). 

Chaves Torres et al.'s (2019) global systematic review of 151 studies found a drug-sensitive TB 

treatment success rate below the WHO criterion, at 80.1% (95% CI 78.4–81.7) for adults and 84.8% 

(95% CI 77.7–90.7) for children, with treatment default and death as the leading causes of unsuccessful 

outcomes. Teferi et al.'s (2021) systematic review focused on Africa found a pooled treatment success 

rate of 79% (95% CI 76–82), below the WHO benchmark of 85%, with HIV co-infection, remote 

residence, and prior TB treatment substantially linked to poorer outcomes. Both reviews establish HIV-

negative status, negative sputum smear conversion, younger age, and abstinence from alcohol as 

consistent positive predictors of treatment success. 

This review therefore had two objectives. The general objective was to provide an updated, quantitative 

synthesis of both patient-level predictors and adherence-focused interventions associated with drug-

sensitive TB treatment success in LMICs. The specific objectives were to (a) estimate pooled treatment 

success rates and predictor associations using literature published from January 2018 through April 

2023, extending the evidence base beyond the search windows of Chaves Torres et al. and Teferi et al.; 

and (b) quantify the effectiveness of adherence-focused interventions, including newer digital 

adherence tools, in the same LMIC-specific population, evaluated alongside, rather than separately 

from, predictor evidence. 

This study builds on the existing predictor literature with two extensions: an updated evidence base 

capturing newer adherence-focused interventions unavailable to earlier reviews, and a single synthesis 

evaluating intervention effectiveness alongside predictor confirmation, specific to LMICs, where the 

TB burden remains greatest. 
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The remainder of this paper proceeds as follows: the Literature Review situates this contribution within 

four bodies of existing evidence; the Methods section details the search, eligibility, and analytic 

approach; the Results report pooled predictor and intervention estimates; and the Discussion interprets 

these findings alongside their limitations and implications for TB programs in LMICs. 

 

LITERATURE REVIEW 

 
Established Predictors of TB Treatment Success 

 

The literature on predictors of treatment success in drug-sensitive TB is comprehensive. In addition to 

works by Chaves Torres et al. (2019) and Teferi et al. (2021), White et al. (2020) conducted a cross-

sectional study in the Philippines on TB comorbidities, identifying patterns of co-occurring conditions 

relevant for treatment planning—though without directly analyzing their link to treatment outcomes. 

Many studies note that patients undergoing retreatment tend to have higher failure rates, often due to 

previous drug resistance, lower adherence, and more advanced disease at diagnosis (Sichen et al., 2023; 

Tharu et al., 2014; Ade et al., 2016; Win et al., 2012; Wang et al., 2017). Demographic factors have 

also been broadly studied: Horton et al. (2016) observed a consistent male predominance in TB cases 

across LMICs, but this likely reflects differences in care-seeking and diagnostic access by sex rather 

than a direct predictor of treatment success. Overall, HIV status, case type (new versus retreatment), 

and directly observed therapy are the strongest predictors, while residence type and the method of 

bacteriological confirmation tend to have weaker or inconsistent associations, a pattern also reflected 

in this review's findings. 

 

 

Adherence-Focused Interventions in TB Care 

 

Alipanah et al. (2018) conducted a systematic review and meta-analysis across multiple countries, 

finding that reminders, digital health tools, psychological support, and patient education significantly 

boost treatment adherence and outcomes. They also noted that patient-centered, community-based 

directly observed therapy (DOT) resulted in higher adherence than self-administered therapy. Since this 

review was published before the wider adoption of asynchronous digital monitoring, it offers a baseline 

for comparing newer interventions. Specific trials support these findings: electronic reminders modestly 

increased adherence in China (Liu et al., 2015); SMS reminders improved completion rates in 

Cameroon (Bediang et al., 2018); a Malawi process evaluation identified barriers to implementing 

community-delivered interventions (Puchalski Ritchie et al., 2021); and people-centered, take-home 

dosing achieved clinic-based DOT outcomes in Armenia (Khachadourian et al., 2020). 

 

 

Emerging Digital Adherence Technologies 

Asynchronous video observed therapy (aVOT), where patients record their medication intake on 

personal devices for later clinician review, and medication event monitoring systems (MEMS), which 

utilize sensor-equipped pillboxes to transmit real-time adherence data, form a new generation of 

adherence tools primarily studied in publications from 2018 onward. Early feasibility studies on video 

monitoring (Story et al., 2016) paved the way for randomized trials demonstrating improved adherence 

and lower patient costs in Moldova (Ravenscroft et al., 2020), as well as high completion rates for latent 

TB monitoring (Garfein et al., 2024). On medication monitoring, a multicenter Ethiopian trial 

(Manyazewal et al., 2022) and a Moroccan cohort study (Park et al., 2019) both showed positive 

outcomes. Ngwatu et al.'s (2018) WHO review noted limited evidence due to small sample sizes and 

heterogeneity. More recently, four multi-country pragmatic trials (Jerene et al., 2025) found that digital 

adherence tools did not significantly reduce poor outcomes at scale, indicating that successes in single 
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sites may not be generalizable. Since these tools were developed after the search periods of Chaves 

Torres et al. (2019) and Teferi et al. (2021), their effectiveness in low- and middle-income countries 

has not been quantitatively integrated with the evidence from those reviews. 

 

Evidence Gaps Motivating this Review 

Taken together, the existing literature leaves two gaps this review addresses: an updated pooled estimate 

of treatment success and its predictors using literature through 2023, and a quantitative synthesis of 

intervention effectiveness, including newer digital tools, restricted to LMIC settings where 

implementation constraints differ meaningfully from high-income contexts. This tension between 

favorable single-site trials and more equivocal multi-country evidence further motivates a pooled, 

LMIC-specific estimate rather than reliance on any individual trial. 

 

METHODS 

Study Design and Reporting 

This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to ascertain pooled estimates 

of TB treatment success rates, predictors, and interventions for drug-sensitive TB in LMICs. A pooled 

estimate refers to a summary measure calculated by statistically combining results from multiple 

studies, providing an overall effect size that reflects the collective evidence. 

 

Eligibility Criteria 

Participants were individuals receiving therapy for pulmonary or extrapulmonary TB who did not have 

multidrug-resistant TB and who resided in low- or middle-income countries. Low- and middle-income 

countries were defined operationally according to the World Bank's income classification in effect 

during the corresponding search year (2018–2023), encompassing low-income, lower-middle-income, 

and upper-middle-income economies as classified by gross national income (GNI) per capita. Eligible 

research designs included observational studies (case-control and cohort studies, 2018–2023) and 

interventional studies (pre-post, quasi-experimental, randomized controlled trials, and quasi-

randomized trials, 2018–2023). Successful outcomes were defined as cure or completion of treatment; 

unsuccessful outcomes included death, default, or loss to follow-up or transfer. Patient-level factors of 

interest included age, sex, comorbidities (diabetes or other), TB type, HIV status, smoking and alcohol 

history, and treatment type (new or retreatment). Studies with incomplete or unavailable full texts were 

excluded. 

 

Search Strategy 

 

A comprehensive literature search was conducted across PubMed, EBSCOhost, ScienceDirect, 

Cochrane Library, and CINAHL using Medical Subject Headings (MeSH) terms and phrases including 

“tuberculosis,” “intervention,” “treatment outcome,” “predictive factors,” “predictors,” “risk factors,” 

and “factors,” refined using Boolean operators: terms representing the same concept were combined 

with “OR,” and terms representing different concepts were combined with “AND”; searches were 

further refined by the names of individual low- and middle-income countries. English-language studies 

were considered. EndNote was used to identify and remove duplicates. 

 

Study Selection 

Screening proceeded in three stages: title, abstract, and full-text review. Two reviewers independently 

screened studies at each stage; disagreements were resolved by discussion. Data were managed and 

extracted using Microsoft Excel. 
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Risk of Bias Assessment 

Risk of bias was assessed using the Joanna Briggs Institute (JBI) appraisal checklist appropriate to each 

study design (case series checklist for observational studies without a comparator group; design-specific 

checklists for interventional studies). Two reviewers independently assessed risk of bias for each 

included study, with disagreements resolved by discussion; a formal inter-rater agreement statistic (e.g., 

Cohen's kappa) was not computed. 

 

Data Extraction and Analysis 

Data on patient demographics, treatment outcomes, and interventions were extracted. Weighted 

averages, forest plots, and subgroup analyses were used to evaluate associations between patient 

characteristics and treatment outcomes. Where data were missing, corresponding authors of included 

studies were contacted. 

 

Statistical Analysis 

The I² statistic was used to evaluate heterogeneity across studies. Random-effects models were used to 

synthesize data given the anticipated clinical and methodological heterogeneity across LMIC settings. 

Risk ratios and odds ratios with 95% confidence intervals were computed using Review Manager 

(RevMan) version 5.4, which was also used to generate forest and funnel plots. One exception is noted 

for transparency: the pooled estimate for smoking history (Figure 8) was generated using a fixed-effect 

model in RevMan rather than the random-effects model used elsewhere; given the substantial 

heterogeneity observed for this comparison (I² = 84%), this is disclosed as a methodological 

inconsistency in the Limitations, and the estimate should be interpreted with this in mind pending re-

analysis. Subgroup analyses categorized interventions by research design (randomized controlled trial 

versus cohort) and by digital adherence tools, psychological support, and patient education. 

 

Ethical Considerations 

This study synthesized previously published, de-identified aggregate data and did not involve direct 

contact with human participants; institutional ethics approval was therefore not required. 

 

RESULTS 

 

Study Selection 

A total of 12,688 records were identified across multiple sources: Science Direct (9,072), PubMed 

(2,063), EBSCOhost (1,065), CINAHL (470), and Cochrane Library (18). After removing 399 

duplicates, 12,289 titles and abstracts were screened. Of these, 12,114 were excluded for reasons such 

as irrelevance (n=11,524), co-infection (n=125), co-morbidity (n=25), drug-resistant or multidrug-

resistant TB (n=238), high-income country setting (n=74), protocol, pilot, or ongoing study (n=30), 

qualitative study (n=12), review articles (n=70), or other confounding focus (n=16). Out of 176 studies 

assessed at full text, 92 were excluded due to different outcomes (n=51), lack of association between 

patient factors and treatment outcome (n=37), non-English language (n=2), or unrelated outcomes 

(n=2). In the end, 84 studies met the inclusion criteria—71 observational and 13 interventional (12 with 

control groups, 1 without). The selection process is detailed in Figure 1. 
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Figure 1.  

 PRISMA Flow Diagram of Study Identification, Screening, and Inclusion (N = 84) 

 
Note. Figures 2 through 12 were exported directly from RevMan and may display internal reference 

numbers (e.g., “Figure 3.2,” “Figure 3.12”) from the authors' original analysis file; these do not 

correspond to the sequential figure numbering used in this manuscript. Readers should rely on the 

figure numbers and titles provided in the text immediately above each image. 
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Description of Studies 

 

Observational studies (n=71) encompassed 806,664 participants, with individual sample sizes ranging 

from 62 to 308,860 (see Table 1). Among these, 370,138 were male and 196,048 female; 90,139 were 

pediatric and 24,417 were seniors, with age cutoffs varying between ≥55 and ≥65 years across studies. 

HIV status was reported in only 28 studies (40%), including 24,736 HIV-positive and 127,855 HIV-

negative participants. TB case type (new versus retreatment) was detailed in 35 studies (49%), involving 

444,696 initial treatments and 35,897 retreatments. TB site information was available for pulmonary 

TB in 40 studies (56%, 173,747 participants) and extrapulmonary TB in 35 studies (49%, 39,143 

participants). Bacteriological confirmation was noted in 37 studies (52%), with 71,619 confirmed cases 

and 77,109 clinically diagnosed. Treatment modality (DOTS versus SAT) was reported in only 8 studies 

(11%), with 224,262 receiving DOTS and 28,637 SAT. Residence type data were available in 18 studies 

(25%), indicating 70,087 urban and 23,778 rural participants. Smoking history was reported in 6 studies 

(8%, 5,335 participants); alcohol use history in 6 studies (8%, 5,175 participants); and diabetes status 

in 5 studies (7%, 3,984 participants). Additionally, 4 studies (5%) reported other comorbidities affecting 

5,504 participants. 

Interventional studies (n=13) comprised 3 randomized controlled trials, 9 cohort interventional studies, 

and 1 quasi-experimental study, all using DOTS as the standard-of-care comparator (Table 2). Three 

studies (25%) used cash incentives, three (25%) added health workers (pharmacists or health extension 

workers) to reinforce adherence, three (25%) used reminder and adherence interventions, and one study 

each used self-administration monitoring, video-observed therapy, a modified drug regimen, and peer 

support groups. 

 

Table 1.  

Characteristics of Included Observational Studies (N = 71) 
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Note. This table was exported directly from the authors' original analysis file and may display an 

internal reference number (e.g., “Table 3.2”) from the underlying dataset; this does not correspond to 

the sequential table numbering used in this manuscript. The same applies to Table 2. 
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Table 2.  

Characteristics of Included Interventional Studies (N = 12) 

 
 

 



 
 

Hassan and Jalani, IJOMAHIP (2026) 2(2): 68-95 DOI: 10.69481/KBVC1602 

 

 

Page | 79 

 

 
 

Risk of Bias 

Observational studies were appraised using the JBI Case Series Appraisal Checklist because none 

included a comparator group. Two studies (Paras et al., 2018; DesJardin et al., 2020) were rated as 

moderate risk of bias; the remainder were rated low risk. Among interventional studies, all three 

randomized controlled trials were rated moderate risk of bias; two of the nine cohort interventional 

studies were rated moderate risk, with the remainder rated low risk; the single quasi-experimental study 

was rated low risk. 
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Treatment Outcomes of Observational Studies 

The overall weighted-average treatment success rate for drug-sensitive TB across observational studies 

was 87.6% (707,420 of 806,664 participants), exceeding the WHO benchmark of 85%. Only 33 of 71 

studies (46%) reported success rates above the WHO threshold; 38 studies (54%) fell below it, including 

10 studies (14%) below 75%. Zigong, China, reported the highest treatment success rate (96.60%, 

4,373/4,527), while rural Chhattisgarh, India, reported the lowest (51.44%, 2,561/4,979). Success rates 

by subgroup were: children under 18, 90%; adults, 81%; seniors (cutoff varying by study, 55–65 years), 

77.5%; males, 91.1%; females, 90.45%; HIV-positive, 71.3%; HIV-negative, 81%; new/first-treatment 

cases, 94% (416,511/444,696); retreatment cases, 75% (26,915/35,897); extrapulmonary TB, 85% 

(33,275/39,143); pulmonary TB, 83% (144,067/173,747); bacteriologically confirmed, 78% 

(56,064/71,619); clinically diagnosed, 88%; DOTS recipients, 96% (214,565/224,262); SAT recipients, 

80% (22,847/28,637); urban residence, 78% (54,439/70,087); rural residence, 80% (19,009/23,778); 

alcohol drinkers, 67.4% (3,488/5,175); smokers, 74% (3,963/5,335); participants with diabetes, 83% 

(3,312/3,984); and participants with other comorbidities, 63.5% (3,495/5,504). 

One data point in Table 1 warrants a note of caution: the child success rate entry for Afrane et al. (2022) 

is recorded as 146.40%, which is not a valid percentage. This has been retained as originally extracted, 

pending verification against the source publication. Readers should treat this specific cell with caution; 

it does not affect the pooled estimates reported below, which are derived from the event and total counts 

in the forest plot data rather than this summary table. 

 

Association of Patient Factors with Treatment Success 

HIV status was strongly linked to treatment success (see Figure 2): participants without HIV had notably 

higher odds of successful treatment compared to those with HIV (OR 2.05, 95% CI 1.76–2.39; I² = 

92%; p < 0.00001). This pattern persisted across different regions, as revealed by subgroup analysis. 

These findings are consistent with Teferi et al. (2021), which reported that HIV co-infection 

significantly increased the risk of unsuccessful treatment outcomes relative to HIV-negative 

individuals. However, data on antiretroviral therapy (ART) among HIV-positive participants was 

inconsistently reported, making it difficult to analyze ART's specific impact. 
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Figure 2 

Pooled Estimate for HIV Status Associated with Treatment Success Rate 

 
TB case type (new/initial versus retreatment) was strongly associated with treatment success (Figure 

3): new or initial cases had significantly higher odds of success (OR 2.23, 95% CI 1.88–2.63; I² = 93%; 

p < 0.00001), a pattern consistent across regional subgroups. This aligns with prior findings linking 

retreatment to worse outcomes, likely reflecting prior drug resistance, poorer adherence, and more 

advanced disease at presentation.14,15,16,17,18 
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Figure 3.  

Pooled Estimate for TB Case Type (New/Initial Versus Retreatment) Associated With Treatment 

Success Rate 

 
TB site (extrapulmonary versus pulmonary) was not significantly associated with treatment success 

(Figure 4) (OR 0.99, 95% CI 0.80–1.23; I² = 97%; p < 0.00001), a finding consistent across regional 

subgroups. 
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Figure 4.  

Pooled Estimate for TB Site (Extrapulmonary Versus Pulmonary) Associated with Treatment Success 

Rate 
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Bacteriological confirmation status (confirmed versus clinically diagnosed) was not significantly 

associated with treatment success (Figure 5) (OR 1.00, 95% CI 0.75–1.32; I² = 98%; p = 0.98). 

 

Figure 5.  

Pooled Estimate for Bacteriological Confirmation Status Associated with Treatment Success Rate 

 
Treatment modality was strongly associated with treatment success (Figure 6): participants receiving 

DOTS had significantly higher odds of success than those receiving SAT (OR 2.93, 95% CI 1.74–4.93; 

I² = 99%; p < 0.00001), a finding consistent across regions. This aligns with Alipanah et al.9, which 

found SAT associated with lower treatment success, cure, and adherence than any form of directly 

observed therapy, though without a discernible difference in mortality, relapse, or drug resistance 

development. 
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Figure 6.  

Pooled Estimate for Treatment Modality (DOTS Versus SAT) Associated With Treatment Success Rate 

 
Patient residence (rural versus urban) was not significantly associated with treatment success (Figure 

7) (OR 0.95, 95% CI 0.79–1.14; I² = 83%; p = 0.58). 
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Figure 7.  

Pooled Estimate for Patient Residence (Rural Versus Urban) Associated with Treatment Success Rate 

 
Smoking history was significantly associated with treatment success (Figure 8): participants without a 

smoking history had significantly higher odds of success (OR 1.45, 95% CI 1.33–1.58; I² = 84%; p < 

0.00001). This pooled estimate was generated using a fixed-effects model in RevMan; an inconsistency 

with the random-effects approach used for other predictors is addressed in the Limitations. 
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Figure 8 

Pooled Estimate for Smoking History Associated with Treatment Success Rate 

 
 

Alcohol use history was significantly associated with treatment success (Figure 9): participants without 

a history of alcohol use had significantly higher odds of success (OR 2.52, 95% CI 1.65–3.86; I² = 81%; 

p < 0.00001). This is consistent with prior evidence linking alcohol use to poorer TB outcomes (Brecher, 

2010; Ragan et al., 2020). 

 

Figure 9.  

Pooled Estimate for Alcohol Use History Associated with Treatment Success Rate 

 
 

 

Non-diabetic comorbidity was not significantly associated with treatment success (Figure 10) (OR 0.16, 

95% CI 0.01–2.88; I² = 99%; p = 0.22), based on only 4 studies. 
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Figure 10.  

Pooled Estimate for Non-Diabetic Comorbidity Associated With Treatment Success Rate 

 
 

 

Effects of Interventions 

Across all 13 interventional studies, the overall pooled intervention effect size was 1.75 (95% CI 1.45–

2.10; I² = 60%; p < 0.00001), favoring intervention over standard care (Figure 11). Subgroup analysis 

separated randomized controlled trials from cohort studies; while the RCT subgroup's pooled effect 

favored intervention, individual RCTs did not reach statistical significance on their own. Five individual 

studies showed statistically significant, intervention-favoring effects: asynchronous video observed 

therapy (aVOT) (Doltu et al., ES 17.99, 95% CI 2.47–131.03; p < 0.00001), medication event 

monitoring systems (MEMS) (Park et al., ES 3.55, 95% CI 1.80–7.00; p < 0.0008), patient support 

groups (Potty et al., ES 2.15, 95% CI 1.86–2.48; p < 0.0008), pharmaceutical care (Tang et al., ES 2.09, 

95% CI 1.01–4.34; p < 0.0008), and a modified drug regimen (Ge et al., ES 1.75, 95% CI 1.05–2.92). 

aVOT allows patients to record their own medication-taking on a personal device for later clinician 

review, with non-conformance triggering a home visit or provider call; this approach produced better 

adherence at lower cost than directly observed therapy in a comparable low-income setting. MEMS 

uses a sensor-equipped smart pillbox (ePROMMS) that transmits real-time adherence data via a SIM-

connected web application, prompting phone calls or home visits when a dose is missed; this was 

effective in rural Morocco but warrants a prospective cost-effectiveness evaluation before wider 

adoption. Patient support groups, structured around monthly meetings covering disclosure and stigma, 

treatment compliance, nutrition, and TB prevention among household members, produced adherence 

benefits consistent with earlier evidence on TB clubs as a social support model. 

Pharmaceutical care involved structured pharmacist follow-up at one, two, and six months post-

discharge, covering patient education, urinalysis for isoniazid metabolites, medication counts, 

laboratory monitoring, and pharmacist-physician review of regimen changes. Heterogeneity across the 

intervention studies (I² = 60%) likely reflects differences in population, methodology, and intervention 

type and intensity. Funnel plot asymmetry was observed for the intervention synthesis (Figure 12), 

suggestive of possible publication bias; formal statistical testing (e.g., Egger's test) could not be 

performed, as this function is unavailable in RevMan, so this interpretation remains qualitative and is 

noted as a limitation. 
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Figure 11.  

Pooled Effect of Intervention on TB Treatment Success Rate (N = 13) 

 

 

Figure 12. 

Funnel Plot for the Pooled Effect of Intervention on TB Treatment Success Rate (N = 13) 
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DISCUSSION 

Principal Findings 

This systematic review and meta-analysis synthesized both predictors and interventions associated with 

drug-sensitive TB treatment success in LMICs using literature from 2018 to 2023. Consistent with 

earlier reviews, HIV-negative status, new case status, and receipt of DOTS were the strongest predictors 

of treatment success, while residence, TB site, and bacteriological confirmation were not significant. 

Beyond confirming these established predictors, this review's central contribution is the quantitative 

synthesis of intervention effectiveness, including two digital adherence tools, aVOT and MEMS, that 

were largely unavailable to earlier reviews of this literature. 

 

What This Review Adds Beyond Existing Systematic Reviews 

The pooled treatment success rate of 87.6% seen here exceeds the 79% reported by Teferi et al. (2021) 

in Africa and the 80.1% globally by Chaves Torres et al. (2019). Several reasons likely explain this 

variation. First, this review's timeframe of 2018–2023 includes newer interventions such as aVOT and 

MEMS, along with more recent patient-centered care strategies that were not widely available or 

utilized in earlier literature. Second, this review limited eligibility to LMICs, while previous reviews 

included broader or different regions. Third, excluding drug-resistant TB, HIV co-infection with 

advanced disease, and high-income country data removed populations with different baseline risks. 

Fourth, the high percentage of newly diagnosed, HIV-negative participants—who generally have better 

outcomes—probably contributed to the higher success rate. These differences emphasize that this 

review is not just a repeat of previous predictor analyses on a new population but also offers, for the 

first time in this field, a quantification of which adherence interventions have significant support 

specifically in LMICs. 

 

Interpretation of Predictor Findings 

Only 46% of included studies reported treatment success rates exceeding the WHO's 85% standard, 

underscoring persistent gaps despite the higher pooled estimate. The consistency of HIV status, case 

type, and treatment modality as predictors across this and earlier reviews strengthens confidence that 

these are genuine, generalizable risk factors rather than artifacts of any single review's inclusion criteria. 

Smoking and alcohol use history were also significantly associated with treatment success, consistent 

with known immunopathological mechanisms linking both exposures to impaired TB-relevant immune 

function. Conversely, the null findings for residence, TB site, and bacteriological confirmation suggest 

that, at the pooled level, these factors carry less independent predictive weight than clinical and 

treatment-history variables, though substantial heterogeneity (I² often exceeding 90%) across all 

predictor analyses means pooled point estimates should be read as general directional signals rather 

than precise, universally applicable values. 

 

Interpretation of Intervention Findings 

The five interventions with statistically significant effects, aVOT, MEMS, patient support groups, 

pharmaceutical care, and a modified drug regimen, share a common focus on medication adherence, 

reinforcing adherence support as the most actionable lever available to LMIC TB programs. The 

magnitude of aVOT's effect size (17.99) is notable but should be interpreted cautiously given it derives 

from a single cohort study with a wide confidence interval (2.47–131.03); this is a signal warranting 

further trials, not yet a settled effect size. Feasibility of aVOT and MEMS specifically depends on 

smartphone access, digital literacy, and network connectivity, all of which vary substantially across and 

within LMICs; claims about scalability should be interpreted within each setting's infrastructure 

constraints rather than generalized uniformly across the LMIC category. 
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Limitations 

Several limitations should be acknowledged. This review was not prospectively registered in 

PROSPERO or another public registry. Some included studies lacked comprehensive demographic 

data, and reliance on observational studies with methodological variability may have introduced bias; 

the substantial heterogeneity observed (I² exceeding 90% for several predictors) reflects differences in 

study design, population characteristics, TB strain variability, and DOTS implementation models across 

settings, and pooled estimates should be interpreted as general trends rather than uniform effects. The 

pooled estimate for smoking history (Figure 8) was generated using a fixed-effect model in RevMan 

rather than the random-effects model used elsewhere in this review; given I² = 84% for this comparison, 

a random-effects re-analysis is recommended before this specific estimate is relied upon, and it is 

flagged here rather than silently presented as equivalent to the other predictor estimates. Funnel plot 

asymmetry suggested possible publication bias in the intervention synthesis, but formal testing (e.g., 

Egger's test) was not possible within RevMan, so this remains a qualitative impression. One data entry 

in the observational studies table (Afrane et al. 2022, child success rate) is not a plausible percentage 

and is flagged for verification against the original source rather than silently corrected. Finally, as with 

any pooled analysis drawing on studies with very different reporting completeness (from 7% to 56% of 

studies reporting a given subgroup variable), the predictor estimates carry different degrees of 

evidentiary weight, and this should inform how confidently each is applied in practice. Additionally, 

although risk of bias was assessed independently by two reviewers with disagreements resolved by 

discussion, a formal inter-rater agreement statistic (e.g., Cohen's kappa) was not computed and could 

be reported in future updates of this review. 

 

CONCLUSIONS 

The pooled treatment success rate for drug-sensitive TB across included studies was 87.6%, surpassing 

the World Health Organization's 85% treatment success benchmark and reflecting a favorable clinical 

shift in LMIC settings during the 2018–2023 review period. This systematic review and meta-analysis 

confirms that HIV-negative status, new case status, receipt of DOTS, and absence of smoking or alcohol 

use are significant predictors of drug-sensitive TB treatment success in LMICs, consistent with earlier 

reviews. Its principal contribution is the first quantitative synthesis, specific to LMICs, of adherence-

focused intervention effectiveness using literature through 2023: asynchronous video observed therapy, 

medication event monitoring systems, patient support groups, pharmaceutical care, and a modified drug 

regimen all showed statistically significant improvements in treatment success. These findings support 

prioritizing adherence-focused interventions in TB programs, tailored to local digital infrastructure and 

resource constraints, while underscoring the need for further, adequately powered trials of digital 

adherence tools before large-scale implementation. 

 

RECOMMENDATIONS 

Practical. TB programs in LMICs should focus on adherence interventions that have proven 

effectiveness, especially patient support groups and pharmaceutical follow-up. These approaches need 

less digital infrastructure than aVOT or MEMS and are easier to scale across different resource 

settings. Additionally, programs should maintain a focus on case management based on key predictors 

such as HIV status, case type, and DOTS delivery, as these factors consistently influence treatment 

success. 
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Theoretical. This review reframes adherence support, rather than structural or demographic factors, 

as the most actionable lever for improving TB treatment success in LMICs, and extends the predictor 

literature by situating newer digital adherence tools within the same evidentiary framework as 

established interventions. 

Policy. Before investing in scale-up of aVOT or MEMS, policymakers should assess local 

smartphone access, digital literacy, and network reliability, given that feasibility varies substantially 

across and within LMICs; national TB programs should also encourage prospective registration (e.g., 

PROSPERO) of future reviews in this area to support transparency. 

Future Research. Adequately powered, multi-site trials of aVOT and MEMS are needed to confirm 

the wide-interval effect sizes reported here from single studies; a random-effects re-analysis of the 

smoking-history estimate, formal publication-bias testing (e.g., Egger's test) once more intervention 

studies are available, and more consistent subgroup-level reporting across primary studies would 

strengthen future syntheses. 
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