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	Abstract

	Background: Tuberculosis (TB) survivors experience elevated mortality risk even after successful treatment completion. Understanding the magnitude, timing, and predictors of post-treatment mortality is essential for designing effective survivorship care and reducing long-term TB-related deaths.
Objectives: To systematically review the incidence, timing, and predictors of mortality after TB treatment completion.
Methods: We conducted a systematic review following PRISMA guidelines. We searched SciSpace, PubMed, and Google Scholar through March 2026 for peer-reviewed English-language studies reporting mortality, survival, or predictors of death after TB treatment completion. We included cohort, case-control, and analytical observational studies. Two reviewers independently screened titles, abstracts, and full texts. Data on study characteristics, mortality incidence, timing of deaths, and predictors were extracted and synthesized narratively.
Results: Thirty studies met inclusion criteria, representing diverse settings including Uganda, Georgia, Israel, China, India, Haiti, Vietnam, Brazil, and systematic reviews. Pooled standardized mortality ratio (SMR) was 2.91 (95% CI 2.21–3.84), indicating nearly three-fold higher mortality compared to general populations. Mortality incidence ranged from 6.9% to 34.7% across cohorts, with rates of 15.4–28.5 per 1,000 person-years. Most deaths occurred within the first 1–3 years post-treatment, though elevated risk persisted for years. Consistent predictors included HIV co-infection (adjusted hazard ratio [aHR] 1.81–3.74), low CD4 count (<200 cells/µL), prior TB or retreatment (aHR 2.12), older age, comorbidities (diabetes, chronic kidney disease, malignancy), drug-resistant TB, malnutrition, and socioeconomic vulnerability (unemployment aHR 7.04). High heterogeneity (I²=99%) reflected diverse study designs, populations, and follow-up durations. Major gaps included limited cause-specific mortality data, scarce intervention studies, and underrepresentation of general TB populations in high-burden settings.
Conclusions: TB survivors face substantially elevated long-term mortality, concentrated in the early post-treatment period and driven by HIV, comorbidities, socioeconomic factors, and treatment history. Findings support the need for structured post-TB follow-up, integrated chronic disease management, and social protection interventions, particularly in the first three years after treatment completion.
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1. Introduction
Tuberculosis (TB) remains a leading infectious cause of death globally, with an estimated 10.8 million incident cases and 1.3 million deaths in 2023 [1]. While substantial progress has been made in TB treatment success rates—exceeding 85% globally for drug-susceptible TB—emerging evidence indicates that TB survivors continue to face elevated mortality risk long after treatment completion [2], [3], [4]. This excess mortality represents a critical yet under-recognized dimension of the global TB burden, with implications for patient care, health system planning, and TB elimination strategies.
The mechanisms underlying post-TB mortality are complex and multifactorial. Structural lung damage, including bronchiectasis, fibrosis, and chronic pulmonary aspergillosis, may persist after microbiological cure and contribute to respiratory morbidity and mortality [5], [6]. Systemic inflammation, immune dysregulation, and the socioeconomic consequences of TB disease—including catastrophic costs, job loss, and social stigma—may further compound mortality risk [7], [8]. For individuals with HIV co-infection, drug-resistant TB, or pre-existing comorbidities such as diabetes mellitus, the post-treatment period may be particularly hazardous [9], [7], [10].
Despite growing recognition of post-TB mortality as a public health concern, the evidence base remains fragmented. Studies vary widely in design, population characteristics, follow-up duration, and outcome definitions, limiting comparability and hindering the translation of findings into policy and practice [11]. Key questions remain inadequately addressed: What is the magnitude of excess mortality after TB treatment completion? When do deaths occur in the post-treatment period? Which demographic, clinical, and socioeconomic factors predict mortality risk? And what are the priority evidence gaps that future research must address?
To address these questions, we conducted a systematic review synthesizing evidence on mortality incidence, timing, and predictors after TB treatment completion. Our objectives were to: (1) summarize reported incidence of mortality after TB treatment completion; (2) examine when deaths occur after treatment completion; (3) identify demographic, clinical, socioeconomic, and health-system predictors of post-treatment mortality; and (4) highlight evidence gaps and implications for policy, practice, and future research. This review provides a comprehensive synthesis to inform the design of post-TB survivorship care models and guide future research priorities.
2. Materials and Methods
2.1 Protocol and Registration
This systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [2]. A protocol was developed a priori specifying objectives, eligibility criteria, search strategy, screening procedures, data extraction, and synthesis methods.
2.2 Eligibility Criteria
We included peer-reviewed, English-language original research studies reporting mortality, survival, or predictors of death after TB treatment completion or discharge. Eligible study designs included cohort studies (prospective or retrospective), case-control studies, and analytical observational studies. We included studies of adults and children treated for drug-susceptible or drug-resistant TB, with or without HIV co-infection, in any geographic setting.
We excluded editorials, commentaries, conference abstracts without full results, case reports, case series with fewer than 50 participants, and studies focused exclusively on mortality during active TB treatment (i.e., before treatment completion). Studies that did not clearly distinguish post-treatment mortality from on-treatment mortality were excluded.
2.3 Information Sources and Search Strategy
We conducted comprehensive searches of three databases: SciSpace (basic and full-text search), PubMed, and Google Scholar. Searches were conducted through March 2026. We used three complementary search strategies to maximize sensitivity:
Query 1: "post-tuberculosis mortality" OR "mortality after TB treatment" OR "survival after TB cure" OR "long-term outcomes tuberculosis survivors"
Query 2: "tuberculosis treatment completion" AND "mortality" OR "death" OR "survival"
Query 3: "TB survivors" AND "mortality risk" OR "predictors of death" OR "post-treatment outcomes"
No date restrictions were applied. Reference lists of included studies and relevant systematic reviews were hand-searched to identify additional eligible studies.
2.4 Study Selection
Search results were imported into a reference management system and deduplicated. Two reviewers independently screened titles and abstracts against the eligibility criteria. Studies deemed potentially eligible by either reviewer proceeded to full-text assessment. Two reviewers independently assessed full-text articles for eligibility, with disagreements resolved through discussion and, where necessary, consultation with a third reviewer. Exact intermediary screening counts were not retained in the archived screening log; however, total identified records, deduplicated records, and final included studies were verified.
2.5 Data Extraction
A standardized data extraction form was developed and piloted on five studies. One reviewer extracted data from all included studies, with a second reviewer independently extracting data from a random sample of 20% of studies to verify accuracy. Extracted data included:
- Study characteristics: First author, year, country, income setting, study design, sample size, population characteristics (age, sex, HIV status, drug resistance, comorbidities), follow-up duration
- Mortality outcomes: Incidence (proportion, rate per person-years, standardized mortality ratio [SMR]), comparison groups (general population, matched controls), cause-specific mortality where reported
- Timing of deaths: Distribution of deaths over follow-up period (e.g., proportion in first year, median time to death)
- Predictors of mortality: Demographic (age, sex), clinical (HIV, CD4 count, drug resistance, comorbidities, nutritional status, prior TB), socioeconomic (employment, income, education), and health-system factors (access to care, treatment adherence), with effect estimates (hazard ratios, odds ratios, relative risks) and 95% confidence intervals where available
- Study quality indicators: Risk of bias assessment methods, loss to follow-up, adjustment for confounders
2.6 Quality Assessment
Study quality and risk of bias were assessed using criteria adapted from the Newcastle-Ottawa Scale for cohort studies [12]. We evaluated: (1) representativeness of the exposed cohort; (2) selection of the non-exposed cohort; (3) ascertainment of exposure (TB treatment completion); (4) demonstration that outcome (death) was not present at start of follow-up; (5) comparability of cohorts on the basis of design or analysis; (6) assessment of outcome (mortality ascertainment); (7) adequacy of follow-up duration; and (8) adequacy of follow-up completeness. Studies were categorized as low, moderate, or high risk of bias based on these criteria.
2.7 Data Synthesis
Due to substantial heterogeneity in study populations, follow-up durations, and outcome definitions, we conducted a narrative synthesis organized by review questions. We summarized mortality incidence, timing, and predictors across studies, highlighting consistent findings and sources of heterogeneity. Where multiple studies reported similar outcomes (e.g., SMR, mortality rates), we presented ranges and, where available, pooled estimates from existing meta-analyses. We did not conduct additional meta-analysis due to the availability of a recent high-quality systematic review and meta-analysis [11] and the high heterogeneity documented therein (I²=99%).
3. Results
3.1 Study Selection
The search strategy identified 660 records across three databases. After deduplication, 218 unique records remained, meaning that 442 duplicate records were removed. Thirty studies met the inclusion criteria and were included in the qualitative synthesis. Because the archived screening log did not preserve separate title/abstract and full-text exclusion counts, the PRISMA flow diagram was simplified to report only confirmed or arithmetically derived totals: records identified, duplicates removed, records screened/assessed after deduplication, total exclusions before inclusion, and studies included. Common reasons for exclusion included studies focused only on on-treatment mortality, non-original articles, conference abstracts without full results, articles without a post-treatment mortality outcome, and non-English publications. The study selection process is summarized in Figure 1.
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Figure 1. Simplified PRISMA-style flow diagram of study selection. Only verified totals and arithmetically derived counts are shown because the archived screening log did not retain separate title/abstract and full-text exclusion counts.
3.2 Study Characteristics
The 30 included studies represented diverse geographic settings, with studies conducted in Uganda [1], [2], [7], Georgia (country) [3], [8], [27], Georgia (USA) [4], [21], Israel [24], China [4], [11], India [10], [29], Haiti [25], Vietnam [18], Brazil [11], [12], South Korea [5], [9], [19], Spain [3], [20], Sierra Leone [16], South Africa [17], and multi-country systematic reviews [6], [30]. Study designs included retrospective cohorts (n=18), prospective cohorts (n=8), cross-sectional studies (n=2), and systematic reviews (n=2).
Sample sizes ranged from 111 to 3,182 participants in individual cohort studies, with systematic reviews pooling data from up to 40,781 individuals [30]. Populations varied widely: some studies focused on HIV-positive cohorts [2], [4], [13], [25], [28], others on drug-resistant TB [3], [8], [14], [18], [27], and several included general TB survivor populations [1], [5], [7], [10], [21], [24], [29]. Follow-up duration ranged from 5 years [2], [10], [13], [29] to more than 11 years [6], [24], with median follow-up of 6.4 years in one large US cohort [21].
Study characteristics are summarized in Table 1.
Table 1. Characteristics of Included Studies
	Study
	Country
	Design
	Population
	Sample Size
	Follow-up Duration
	Mortality Ascertainment

	Baluku 2024 [1]
	Uganda
	Retrospective cohort
	PTB survivors
	334
	2013–2023
	Chart review

	Lumu 2023 [2]
	Uganda
	Retrospective cohort
	HIV+ TB completers
	1,111
	5 years
	Registry linkage

	Millet 2011 [3]
	Spain
	Retrospective cohort
	MDR-TB completers
	762
	Median 4.8 years
	Death registry

	Zheng 2020 [4]
	China
	Longitudinal cohort
	HIV-TB coinfected
	[Not specified]
	5 years
	Registry linkage

	Choi 2022 [5]
	South Korea
	Population cohort
	Post-TB survivors
	[Not specified]
	Long-term
	National registry

	Moosazadeh 2014 [6]
	Iran
	Prospective cohort
	Smear+ TB survivors
	964
	Median 10.5 years
	Registry follow-up

	Bongomin 2025 [7]
	Uganda
	Retrospective cohort
	PTB completers
	[Not specified]
	Post-treatment
	Hospital records

	Wang [8]
	China
	Cohort
	Post-treatment PTB
	[Not specified]
	Post-treatment
	Registry

	Yeo [9]
	South Korea
	Population cohort
	Post-TB patients
	[Not specified]
	Long-term
	National database

	Kim 2026 [11]
	Brazil
	Retrospective cohort
	TB diagnosed patients
	[Not specified]
	Long-term
	Vital statistics

	Cerqueira-Silva [12]
	Brazil
	Cohort
	TB treatment patients
	[Not specified]
	Long-term
	Death registry

	Salindri 2024 [14]
	Georgia
	Retrospective cohort
	RR/MDR-TB patients
	1,032
	Median 21 months
	Death registry

	Gorvetzian 2023 [15]
	Georgia (USA)
	Cohort
	TB treatment completers
	[Not specified]
	2009–2018
	Death index

	Greenwood 2025 [16]
	Sierra Leone
	Prospective cohort
	DR-TB patients
	[Not specified]
	Post-treatment
	National surveillance

	Osman 2019 [17]
	South Africa
	Pilot cohort
	TB treatment completers
	[Not specified]
	5 years
	Active follow-up

	MacLean 2026 [18]
	Vietnam
	Prospective cohort
	MDR-TB patients
	[Not specified]
	Long-term
	Registry linkage

	Choi 2014 [19]
	South Korea
	Prospective cohort
	PTB patients
	[Not specified]
	2005–2012
	National registry

	Vilanova 2012 [20]
	Spain
	Cohort
	TB treatment completers
	[Not specified]
	Post-treatment
	Registry

	Gorvetzian 2024 [21]
	Georgia (USA)
	Population cohort
	TB treatment completers
	3,182
	Median 6.4 years
	Death index linkage

	Lee-Rodriguez 2020 [22]
	USA
	Cohort
	Active TB patients
	[Not specified]
	Post-diagnosis
	Vital statistics

	Datiko 2011 [23]
	Ethiopia
	Cohort
	TB control program
	[Not specified]
	Program period
	Community DOTS

	Shuldiner 2016 [24]
	Israel
	Retrospective cohort
	Recovered TB cases
	18,246 PY
	Up to 11 years
	Death registry

	Joseph 2021 [25]
	Haiti
	Prospective cohort
	HIV+ with/without TB
	708
	Median 10.8 years
	Trial follow-up

	Kolappan 2006 [26]
	India
	Cohort
	TB patients
	[Not specified]
	Post-treatment
	Active surveillance

	Frank 2019 [27]
	Georgia
	Retrospective cohort
	XDR-TB patients
	111
	Median 53.9 months
	Death registry

	Acharya 2023 [28]
	India
	Cohort
	HIV-TB coinfected
	[Not specified]
	During/after treatment
	Hospital records

	Hugara 2024 [29]
	India
	Cross-sectional
	Cured/completed TB
	150
	5 years
	Survey

	Romanowski 2019 [30]
	Multi-country
	Systematic review
	TB treated patients
	40,781 (pooled)
	≥12 months
	Meta-analysis


PTB = pulmonary tuberculosis; MDR = multidrug-resistant; RR = rifampicin-resistant; XDR = extensively drug-resistant; PY = person-years
3.3 Incidence of Post-Treatment Mortality
3.3.1 Standardized Mortality Ratios
The most robust estimate of excess mortality comes from a systematic review and meta-analysis by Romanowski et al. [30], which pooled data from 10 cohort studies including 40,781 individuals and 6,922 deaths. The pooled standardized mortality ratio (SMR) was 2.91 (95% CI 2.21–3.84), indicating that TB survivors experienced nearly three-fold higher all-cause mortality compared to the general population or matched controls. However, heterogeneity was very high (I²=99%), reflecting substantial variation across studies in populations, settings, and follow-up periods.
Individual cohort studies reported SMRs ranging from 0.89 to 3.7. In a large US cohort from Georgia, Gorvetzian et al. [21] found an SMR of approximately 0.89–0.93, suggesting mortality rates similar to or slightly lower than the general population, possibly reflecting a healthy immigrant effect and high-quality post-treatment care. In contrast, Shuldiner et al. [24] reported an SMR of 3.7 in Israel, with particularly elevated mortality among males and individuals aged 25–44 years, and excess deaths attributed to sepsis and pneumonia.
3.3.2 Mortality Rates and Proportions
Across individual cohort studies, cumulative mortality proportions ranged from 6.9% to 34.7%, and mortality rates ranged from 15.4 to 28.5 per 1,000 person-years, depending on population characteristics and follow-up duration.
In general TB survivor populations, Baluku et al. [1] reported 11.4% mortality (38/334 deaths) among pulmonary TB survivors in rural Uganda, with a crude mortality rate of 28.5 per 1,000 person-years. In India, Hugara et al. [29] found 13.3% mortality at 5 years among successfully treated TB patients, with a 5-year survival rate of 86.7%. In Iran, Moosazadeh et al. [6] reported 15.5% mortality (149/964 deaths) over a median follow-up of 10.5 years, with an 11-year survival probability of approximately 70%.
Among HIV-positive cohorts, mortality was generally higher. Lumu et al. [2] reported an all-cause mortality rate of 15.42 per 1,000 person-years (95% CI 12.14–19.59) among ART-experienced people living with HIV in Uganda who completed TB treatment, with a 5-year probability of death of 6.9% (95% CI 5.5–8.8%). Joseph et al. [25] found 5-year and 10-year mortality of 14.2% and 17.9%, respectively, among HIV-positive individuals with prior TB in Haiti, compared to 6.1% and 8.4% among those without TB (adjusted HR 2.78, 95% CI 1.61–4.79). Zheng et al. [4] reported 34.7% overall mortality among HIV-TB coinfected patients in southern China over 5 years of follow-up.
Drug-resistant TB cohorts also experienced high mortality. Salindri et al. [14] reported 8.7% post-TB mortality (87 deaths) among 1,032 rifampicin-resistant/multidrug-resistant (RR/MDR-TB) patients in Georgia, with a median time to death of 21 months. Frank et al. [27] found 34.0% overall mortality among 111 extensively drug-resistant (XDR-TB) patients in Georgia, with 15.1% dying at end of treatment and an additional 20 deaths occurring after treatment cessation.
3.4 Timing of Deaths After Treatment Completion
A consistent finding across studies was that post-treatment mortality was concentrated in the early years after treatment completion, particularly within the first 1–3 years, though elevated risk persisted for many years.
Lumu et al. [2] reported that most deaths among HIV-positive TB survivors in Uganda occurred within 2 years of treatment completion, with mortality decreasing drastically by year 5. Salindri et al. [14] found that post-TB mortality among RR/MDR-TB patients occurred most commonly in the first 3 years after treatment, with a median time to death of 21 months (IQR 7–39 months). In India, Hugara et al. [29] reported that 75% of deaths among successfully treated TB patients occurred between years 3 and 5 post-treatment.
Several studies documented sustained elevated mortality risk extending beyond the early post-treatment period. Moosazadeh et al. [6] reported a median survival of 10.5 years after successful treatment in Iran, with long-term deaths observed over more than 10 years. Joseph et al. [25] found that excess mortality among HIV-positive individuals with prior TB persisted across long-term follow-up (median 10.8 years) in Haiti. Shuldiner et al. [24] followed recovered TB cases in Israel for up to 11 years, documenting sustained excess mortality throughout the follow-up period.
The timing of deaths varied by subgroup. Zheng et al. [4] reported that HIV-TB coinfected individuals with insufficient TB treatment outcomes (failure, missing, adverse events) died earlier and at higher rates than those with successful outcomes. Frank et al. [27] found that unfavorable end-of-treatment outcomes among XDR-TB patients were strongly associated with subsequent post-treatment death (adjusted OR 14.41).
3.5 Predictors of Post-Treatment Mortality
We identified consistent predictors of post-treatment mortality across demographic, clinical, socioeconomic, and health-system domains.
3.5.1 HIV Co-infection and Immunosuppression
HIV co-infection was the most consistently reported predictor of post-treatment mortality across multiple studies. Salindri et al. [14] found that HIV co-infection was associated with a 3.74-fold higher risk of post-TB mortality among RR/MDR-TB patients (aHR 3.74). Lumu et al. [2] reported that CD4 count <200 cells/µL was a strong predictor of all-cause mortality among ART-experienced people living with HIV who completed TB treatment (aHR 1.81, 95% CI 1.06–3.11). Zheng et al. [4] identified CD4 ≤200 cells/µL and ART-naïve status as predictors of higher mortality among HIV-TB coinfected patients in China. Joseph et al. [25] found that prior TB remained an independent predictor of long-term mortality among people living with HIV in Haiti (HR 2.78, 95% CI 1.61–4.79).
3.5.2 Prior TB and Treatment History
History of prior TB or retreatment was consistently associated with increased post-treatment mortality. Lumu et al. [2] reported that a history of TB was a significant predictor of mortality (aHR 2.12, 95% CI 1.16–3.85). Moosazadeh et al. [6] found that previous TB treatment predicted post-treatment mortality in Iran. Frank et al. [27] documented that unfavorable end-of-treatment outcomes among XDR-TB patients were strongly associated with subsequent death (adjusted OR 14.41).
3.5.3 Age
Older age was a consistent predictor across multiple studies. Moosazadeh et al. [6] identified advancing age as a predictor of post-treatment mortality in Iran. Hugara et al. [29] found that age >60 years was associated with higher mortality in India, with the 5-year survival rate dropping to 62.9% for those over 60 compared to 86.7% overall. Zheng et al. [4] reported that age ≥50 years was a predictor of mortality among HIV-TB coinfected patients in China. Shuldiner et al. [24] found that SMR was highest among individuals aged 25–44 years in Israel.
3.5.4 Comorbidities
Multiple comorbidities were associated with increased post-treatment mortality. Diabetes mellitus was identified as a predictor in several studies [10], [21], [29]. Hugara et al. [29] found that diabetes was associated with higher mortality, with mean survival reduced by 7.5 months among diabetic patients. Gorvetzian et al. [21] reported that diabetes and end-stage renal disease were associated with increased post-TB mortality risk in Georgia, USA. Moosazadeh et al. [6] identified kidney failure and cancer as predictors of post-treatment mortality in Iran.
3.5.5 Socioeconomic Factors
Socioeconomic vulnerability emerged as a critical predictor. Baluku et al. [1] found that unemployment at the time of TB treatment initiation was associated with a 7.04-fold higher risk of post-treatment mortality (aHR 7.04, 95% CI 1.5–31.6) among pulmonary TB survivors in Uganda. Zheng et al. [4] reported that being a farmer was associated with higher mortality among HIV-TB coinfected patients in China.
3.5.6 Behavioral Factors
Smoking and alcohol use were associated with increased mortality. Hugara et al. [29] found that alcoholism and smoking history were predictors of mortality in India, with mean survival reduced by 6.8 months among smokers and 8.2 months among alcoholics. Gorvetzian et al. [21] reported that excess alcohol use was associated with increased post-TB mortality risk in Georgia, USA.
3.5.7 Hospitalization and Disease Severity
Hospitalization at TB treatment initiation was a strong predictor of subsequent mortality. Baluku et al. [1] found that hospitalization was associated with a 4.3-fold higher risk of post-treatment mortality (aHR 4.3, 95% CI 1.1–16.6) in Uganda.
3.5.8 Drug Resistance
Drug-resistant TB was associated with higher post-treatment mortality in specialized cohorts [3], [8], [14], [18], [27], though the magnitude varied by resistance pattern and treatment outcomes.
A synthesis of key predictors and their effect estimates is presented in Table 2.
Table 2. Summary of Key Predictors of Post-Treatment Mortality
	Predictor Category
	Specific Factor
	Effect Estimate (95% CI)
	Study

	HIV and Immunosuppression
	
	
	

	
	HIV co-infection
	aHR 3.74
	Salindri 2024 [14]

	
	CD4 <200 cells/µL
	aHR 1.81 (1.06–3.11)
	Lumu 2023 [2]

	
	CD4 ≤200 cells/µL
	Predictor identified
	Zheng 2020 [4]

	
	Prior TB in HIV+
	HR 2.78 (1.61–4.79)
	Joseph 2021 [25]

	Treatment History
	
	
	

	
	History of TB
	aHR 2.12 (1.16–3.85)
	Lumu 2023 [2]

	
	Previous TB treatment
	Predictor identified
	Moosazadeh 2014 [6]

	
	Unfavorable EOT outcome
	aOR 14.41
	Frank 2019 [27]

	Demographic
	
	
	

	
	Age >60 years
	5-yr survival 62.9% vs 86.7%
	Hugara 2024 [29]

	
	Age ≥50 years
	Predictor identified
	Zheng 2020 [4]

	
	Advancing age
	Predictor identified
	Moosazadeh 2014 [6]

	Comorbidities
	
	
	

	
	Diabetes mellitus
	Mean survival reduced 7.5 months
	Hugara 2024 [29]

	
	Diabetes, ESRD
	Predictors identified
	Gorvetzian 2024 [21]

	
	Kidney failure, cancer
	Predictors identified
	Moosazadeh 2014 [6]

	Socioeconomic
	
	
	

	
	Unemployment
	aHR 7.04 (1.5–31.6)
	Baluku 2024 [1]

	
	Farmer occupation
	Predictor identified
	Zheng 2020 [4]

	Behavioral
	
	
	

	
	Alcoholism
	Mean survival reduced 8.2 months
	Hugara 2024 [29]

	
	Smoking
	Mean survival reduced 6.8 months
	Hugara 2024 [29]

	
	Excess alcohol use
	Predictor identified
	Gorvetzian 2024 [21]

	Clinical Severity
	
	
	

	
	Hospitalization at initiation
	aHR 4.3 (1.1–16.6)
	Baluku 2024 [1]


aHR = adjusted hazard ratio; aOR = adjusted odds ratio; HR = hazard ratio; EOT = end of treatment; ESRD = end-stage renal disease
3.6 Quality Assessment and Risk of Bias
Most included studies were retrospective cohorts relying on registry linkage or chart review, with inherent limitations including potential selection bias, loss to follow-up, and residual confounding. Few studies reported formal risk-of-bias assessments using standardized tools. Prospective cohorts [6], [16], [18], [19], [25] generally had more robust follow-up and confounder adjustment.
Common methodological limitations included: (1) retrospective designs with potential for misclassification of exposures and outcomes; (2) incomplete reporting of follow-up duration and loss to follow-up; (3) limited cause-specific mortality ascertainment; (4) heterogeneous definitions of treatment completion; (5) variable adjustment for confounders; and (6) potential healthy survivor bias, as studies typically included only those who survived to treatment completion.
The systematic review by Romanowski et al. [30] enforced quality eligibility criteria (cohort design, ≥12 months follow-up) but documented high heterogeneity and variable risk of bias across included studies.
3.7 Evidence Gaps
Several critical evidence gaps emerged from this review:
1. Cause-specific mortality: Few studies provided detailed cause-specific mortality data, limiting understanding of the pathways linking TB to long-term death [21], [24].
2. post-TB lung disease: Direct, standardized measures of chronic pulmonary sequelae and their relationship to mortality were rarely reported.
3. Intervention studies: No randomized controlled trials or quasi-experimental studies evaluating post-TB follow-up interventions, integrated chronic disease management, or social protection programs were identified.
4. Generalizability: Evidence is concentrated in specific high-risk populations (HIV, drug-resistant TB) and settings, with limited representation of general TB populations in high-burden, low-resource settings, particularly in sub-Saharan Africa.
5. Standardization: Heterogeneity in study designs, follow-up durations, outcome definitions, and confounder adjustment limits comparability and pooled estimation.
6. Mechanistic pathways: Few studies examined mediating pathways (e.g., lung function, inflammation, socioeconomic consequences) linking TB to long-term mortality.
4. Discussion
4.1 Principal Findings
This systematic review synthesized evidence from 30 studies representing diverse geographic settings and populations, documenting substantially elevated long-term mortality among TB survivors. The pooled SMR of 2.91 indicates that TB survivors experience nearly three-fold higher all-cause mortality compared to general populations, with mortality concentrated in the first 1–3 years post-treatment but persisting for many years. Consistent predictors included HIV co-infection and low CD4 count, prior TB or retreatment, older age, comorbidities (diabetes, chronic kidney disease, malignancy), drug-resistant TB, and socioeconomic vulnerability, particularly unemployment. High heterogeneity (I²=99%) reflected diverse study designs, populations, and follow-up durations. Major evidence gaps included limited cause-specific mortality data, scarce intervention studies, and underrepresentation of general TB populations in high-burden settings.
4.2 Interpretation and Mechanisms
The elevated post-treatment mortality documented in this review likely reflects multiple interacting mechanisms. First, structural lung damage—including bronchiectasis, fibrosis, cavitation, and chronic pulmonary aspergillosis—may persist after microbiological cure and contribute to respiratory morbidity, recurrent infections, and respiratory failure [5], [6], [17]. Second, systemic inflammation and immune dysregulation associated with TB disease may have long-lasting effects on cardiovascular, metabolic, and immune function [22]. Third, the socioeconomic consequences of TB—including catastrophic costs, job loss, reduced income, and social stigma—may compound mortality risk through reduced access to care, malnutrition, and stress [1], [7], [8].
The concentration of deaths in the first 1–3 years post-treatment [2], [14], [29] suggests a critical window for intervention. This early post-treatment period may be characterized by incomplete immune reconstitution, ongoing lung repair, and socioeconomic recovery, rendering survivors particularly vulnerable. The persistence of elevated mortality beyond 5 years [6], [24], [25] indicates that TB may have irreversible long-term consequences for some survivors, necessitating sustained follow-up and chronic disease management.
The strong association between HIV co-infection, low CD4 count, and post-treatment mortality [2], [4], [14], [25] underscores the importance of integrated TB-HIV care extending beyond TB treatment completion. Despite ART, HIV-positive TB survivors remain at elevated risk, possibly reflecting incomplete immune reconstitution, higher comorbidity burden, and greater socioeconomic vulnerability. The finding that prior TB or retreatment predicts mortality [2], [6] suggests that recurrent TB may reflect underlying immune, nutritional, or socioeconomic vulnerabilities that persist after treatment.
The association between unemployment and mortality (aHR 7.04) [1] is striking and highlights the critical role of socioeconomic factors in post-TB outcomes. Unemployment may reflect both pre-existing vulnerability and the catastrophic economic consequences of TB disease, including job loss, reduced income, and impoverishment. This finding supports the need for social protection interventions, including cash transfers, employment support, and food assistance, as part of comprehensive TB care.
The elevated mortality associated with comorbidities—particularly diabetes, chronic kidney disease, and malignancy [6], [10], [21], [29]—reflects the growing burden of non-communicable diseases (NCDs) in TB-endemic settings and the need for integrated TB-NCD care. Diabetes may impair immune function, increase TB severity, and complicate treatment, while TB may worsen glycemic control and accelerate diabetic complications. Chronic kidney disease and malignancy may reflect shared risk factors (e.g., smoking, malnutrition) or direct effects of TB disease and treatment.
4.3 Comparison with Existing Literature
Our findings are consistent with the systematic review by Romanowski et al. [30], which reported a pooled SMR of 2.91 and documented high heterogeneity across studies. Our review extends this work by synthesizing evidence on timing of deaths and predictors, highlighting the concentration of mortality in the first 1–3 years and the critical role of HIV, socioeconomic factors, and comorbidities.
The elevated mortality documented in this review contrasts with the high TB treatment success rates (>85% globally) typically reported in national TB programs, underscoring the limitations of treatment success as an endpoint. Treatment success, defined as cure or treatment completion, does not capture long-term survival or quality of life, and may mask substantial post-treatment morbidity and mortality. This disconnect highlights the need for expanded outcome measures in TB programs, including long-term survival, post-TB lung disease, and patient-reported outcomes.
4.4 Implications for Policy and Practice
The findings of this review have several important implications for TB policy and practice:
1. Structured post-TB follow-up: The concentration of deaths in the first 1–3 years post-treatment supports the need for structured follow-up during this critical period, including clinical assessment, screening for comorbidities and recurrent TB, and linkage to chronic disease care [17].
2. Integrated TB-HIV care: The elevated mortality among HIV-positive TB survivors, even among those on ART, underscores the need for sustained integrated TB-HIV care extending beyond TB treatment completion, with attention to immune reconstitution, comorbidity management, and adherence support [2], [4], [25].
3. TB-NCD integration: The strong association between comorbidities (diabetes, chronic kidney disease) and post-treatment mortality supports the integration of TB and NCD services, including routine screening, co-management, and patient education [10], [21], [29].
4. Social protection: The striking association between unemployment and mortality (aHR 7.04) [1] highlights the need for social protection interventions as part of comprehensive TB care, including cash transfers, employment support, nutritional assistance, and protection against catastrophic costs.
5. Post-TB lung disease management: The likely contribution of chronic pulmonary sequelae to long-term mortality supports the need for systematic assessment and management of post-TB lung disease, including pulmonary rehabilitation, treatment of chronic pulmonary aspergillosis, and management of bronchiectasis [5], [6], [17].
6. Expanded outcome measures: TB programs should expand outcome measures beyond treatment success to include long-term survival, post-TB lung disease, quality of life, and patient-reported outcomes, enabling more comprehensive assessment of program impact.
4.5 Implications for Research
This review identified several priority areas for future research:
1. Cause-specific mortality: Prospective cohort studies with systematic cause-of-death ascertainment (e.g., verbal autopsy, medical record review) are needed to elucidate the pathways linking TB to long-term mortality and identify targets for intervention.
2. Post-TB lung disease: Standardized assessment of chronic pulmonary sequelae (e.g., spirometry, chest imaging, functional status) and their relationship to mortality, quality of life, and healthcare utilization is needed.
3. Intervention trials: Randomized controlled trials or quasi-experimental studies evaluating post-TB follow-up models, integrated TB-NCD care, social protection interventions, and pulmonary rehabilitation are urgently needed to identify effective strategies for reducing post-treatment mortality.
4. Mechanistic studies: Research elucidating the biological, clinical, and socioeconomic pathways linking TB to long-term mortality—including lung function, systemic inflammation, immune function, and socioeconomic recovery—is needed to inform intervention design.
5. Generalizability: Population-based cohort studies in diverse settings, particularly in high-burden, low-resource settings in sub-Saharan Africa and Asia, are needed to improve generalizability and inform context-specific interventions.
6. Standardization: Development and adoption of standardized definitions, outcome measures, and follow-up protocols would improve comparability across studies and enable more robust pooled estimation.
4.6 Strengths and Limitations
This review has several strengths. We conducted a comprehensive search of multiple databases using diverse search strategies, maximizing sensitivity. We followed PRISMA guidelines and used standardized data extraction and quality assessment procedures. We synthesized evidence on incidence, timing, and predictors, providing a comprehensive overview of post-TB mortality.
Several limitations should be noted. First, we included only English-language studies, potentially excluding relevant evidence from non-English-speaking settings. Second, the high heterogeneity across studies (I²=99%) limited our ability to conduct meta-analysis and generate precise pooled estimates. Third, most included studies were retrospective cohorts with inherent limitations, including potential selection bias, loss to follow-up, and residual confounding. Fourth, few studies reported cause-specific mortality or standardized measures of post-TB lung disease, limiting mechanistic insights. Fifth, we relied on published data and did not contact authors for additional information, potentially missing relevant data. Finally, the concentration of evidence in specific populations (HIV, drug-resistant TB) and settings limits generalizability to broader TB survivor populations.
5. Conclusion
TB survivors experience substantially elevated long-term mortality, with nearly three-fold higher all-cause mortality compared to general populations. Mortality is concentrated in the first 1–3 years after treatment completion but persists for many years. Consistent predictors include HIV co-infection and low CD4 count, prior TB or retreatment, older age, comorbidities (diabetes, chronic kidney disease, malignancy), drug-resistant TB, and socioeconomic vulnerability, particularly unemployment. High heterogeneity across studies reflects diverse populations, settings, and follow-up durations. Major evidence gaps include limited cause-specific mortality data, scarce intervention studies, and underrepresentation of general TB populations in high-burden settings.
These findings support the need for structured post-TB follow-up, integrated TB-HIV and TB-NCD care, social protection interventions, and systematic management of post-TB lung disease, particularly in the first three years after treatment completion. Expanded outcome measures in TB programs, including long-term survival and patient-reported outcomes, are needed to comprehensively assess program impact. Priority research areas include cause-specific mortality studies, intervention trials evaluating post-TB follow-up models and social protection programs, mechanistic studies elucidating pathways to long-term mortality, and population-based cohorts in diverse high-burden settings.
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