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Post-treatment mortality: All-cause death occurring within 24 months after TB treatment 

discharge. 
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did not develop or validate an individual-level clinical prediction model. 
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ABSTRACT 

Background: Tuberculosis (TB) treatment completion is an important indicator of programme 

success; however, this does not always indicate full recovery, and some patients die after 

treatment has ended. Evidence on the magnitude, timing and determinants of post-treatment 

mortality remains limited in routine Ugandan settings. This study assessed mortality among TB 

patients within two years after treatment discharge at Kawaala and Kiswa Health Centre IVs, 

Kampala City. 

Objective: To determine two-year mortality, potential predictors of mortality and time to 

mortality among TB patients after treatment discharge 

Methods: An ambispective cohort study included 259 eligible participants from a parent TB-

diabetes cohort. Vital status was established from cohort and facility records, telephone follow-

up and verbal-autopsy interviews with next of kin. Mortality was summarized as a cumulative 

proportion and person-time rate. Firth penalised logistic regression assessed potential predictors, 

while Kaplan–Meier and exploratory Cox proportional-hazards methods assessed survival and 

time to death 

Results: Participants contributed 6,036 person-months (503 person-years). Ten deaths occurred, 

giving a two-year cumulative mortality of 3.9% and a crude mortality rate of 19.9 deaths per 

1,000 person-years. Five deaths occurred within 0–6 months and five during 6–12 months; none 

occurred during 12–24 months. Overall survival was 0.981 at six months and 0.961 at 12 

months, remaining unchanged through 24 months. HIV-positive status was the strongest 

potential predictor of mortality across the Firth models (Model A: AOR 3.34, 95% CI 0.96–

11.64; Model B: AOR 3.37, 95% CI 0.97–11.71) and the exploratory Cox model (AHR 3.41, 

95% CI 0.98–11.84). Dysglycaemia did not show a clear prognostic relationship with mortality 

(AHR 1.12, 95% CI 0.23–5.54). All adjusted estimates were imprecise because only 10 deaths 

occurred 

Conclusion: Post-treatment mortality was relatively low but was concentrated entirely within the 

first year. HIV-positive status showed the strongest potential predictor signal, although the 

estimates remained imprecise. The findings support evaluating structured first-year post-TB 

follow-up and mortality surveillance, with particular attention to continuity of HIV care among 

HIV-positive survivors. Larger multicentre prospective studies are needed to confirm predictors 

of mortality and improve precision and generalizability.
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CHAPTER ONE: INTRODUCTION AND BACKGROUND 

1.0 Introduction 

Tuberculosis (TB) remains one of the leading infectious causes of illness and death worldwide 

despite major advances in its diagnosis, treatment and prevention. In 2024, an estimated 10.7 

million people developed TB and approximately 1.23 million died from the disease (World 

Health Organization, 2025a). Global and national TB programmes have traditionally assessed 

treatment success using outcomes such as cure and treatment completion. These indicators are 

essential for monitoring programme performance; however, they mainly reflect what happens 

during the treatment period. 

Increasing attention is now being given to the health of patients after TB treatment has ended. 

Some individuals who successfully complete treatment continue to experience recurrent disease, 

chronic respiratory impairment, functional limitations and premature mortality (Allwood et al., 

2021; Nightingale et al., 2023; Romanowski et al., 2019). Consequently, successful treatment 

does not necessarily indicate complete clinical recovery, and understanding health outcomes 

after treatment is becoming an important component of TB care. 

Post-treatment mortality is particularly relevant in high-TB-burden settings such as Uganda, 

where HIV infection and other comorbid conditions may influence recovery after treatment. 

Understanding the magnitude of mortality, when deaths occur, and the factors associated with 

mortality can provide useful evidence for planning appropriate follow-up and continuity of care. 

This dissertation therefore examined mortality among TB patients during the 24 months 

following treatment discharge at Kawaala and Kiswa Health Centre IVs in Kampala City. 

Specifically, it determined the magnitude of post-treatment mortality, examined demographic, 

socio-economic, clinical and health-facility factors associated with mortality, and assessed the 

timing of death during the two-year follow-up period. The study provides locally relevant 

evidence to improve understanding of patient outcomes beyond successful TB treatment. 
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1.1 Background 

Evidence from different settings show that people who have been treated for TB,  may continue 

to experience an increased risk of death even after successful treatment. A systematic review and 

meta-analysis by Romanowski et al. (2019) found an almost threefold pooled standardized 

mortality ratio among people previously treated for TB compared with the general population. 

The excess risk was particularly evident during the period following treatment completion. 

Long-term complications such as residual lung damage, recurrent infection, persistent 

inflammation and co-existing illnesses have been proposed as possible contributors to this 

continued vulnerability (Allwood et al., 2021; Nightingale et al., 2023). 

The burden of post-treatment illness may be especially important in settings where TB 

commonly occurs together with other health conditions. HIV, for example, may influence 

survival after TB treatment through persistent immunosuppression and susceptibility to 

opportunistic infections. Diabetes and pre-diabetes may affect metabolic and immune recovery, 

while under-nutrition and chronic lung disease may reduce physiological reserve. Recovery may 

also be influenced by socio-economic and health-facility factors, including income, transport 

costs, stigma, social support, access to follow-up services and the quality of care available after 

treatment. 

Uganda remains a high-TB-burden setting. Through the National Tuberculosis and Leprosy 

Programme, the country has strengthened TB case detection, provision of free treatment, 

TB/HIV integration and monitoring of treatment outcomes (Ministry of Health, 2023). However, 

routine programme indicators remain largely focused on diagnosis, treatment and the outcome 

recorded at the end of treatment, with comparatively less information routinely available on 

survival after treatment completion. 

Existing Ugandan evidence indicates that mortality after TB treatment is clinically important. 

Lumu et al. (2023), in a cohort of people living with HIV, reported a post-treatment mortality 

rate of 15.42 deaths per 1,000 person-years, with deaths occurring more frequently during the 

earlier period of follow-up. Evidence from eastern Uganda has also demonstrated substantial 

mortality among adults treated for TB (Izudi et al., 2020). Nevertheless, the magnitude and 

timing of mortality after successful treatment may vary according to population characteristics, 

HIV status, comorbidities, healthcare access and the setting in which patients receive care. 
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Kawaala and Kiswa Health Centre IVs are public health facilities operating under the Kampala 

Capital City Authority. Both facilities participated in the parent TB–diabetes cohort from which 

participants for the present study were drawn. They provide routine TB diagnosis and treatment, 

TB/HIV-related services, and referral and follow-up functions. Their participation in the parent 

cohort provided an opportunity to link existing demographic and clinical information with post-

treatment follow-up data and determine mortality outcomes within an urban public-health 

setting. 

Despite this opportunity, facility-specific information on mortality during the two years after TB 

treatment discharge, the timing of such deaths and the factors associated with mortality at 

Kawaala and Kiswa Health Centre IVs had not been established within the available study 

records. Examining these outcomes was therefore important for understanding what happens to 

patients after they have achieved a favourable TB treatment outcome and for generating evidence 

that may inform post-treatment care in similar urban Ugandan settings.  
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CHAPTER TWO: LITERATURE REVIEW 

2.1 Tuberculosis overview 

2.1.1 Pathophysiology and clinical presentation of TB 

Tuberculosis (TB) is caused by Mycobacterium tuberculosis and most commonly affects the 

lungs, although extra-pulmonary disease can involve almost any organ. Transmission occurs 

through airborne droplet nuclei released by people with infectious pulmonary TB. After 

inhalation, the bacilli may be contained by host immunity or progress to active disease. 

Progression is more likely when immune function is impaired, including in people living with 

HIV, those with diabetes or under-nutrition, and other clinically vulnerable groups (World 

Health Organization, 2025a). Pulmonary TB commonly presents with persistent cough, 

hemoptysis, chest pain, fever, night sweats, fatigue and weight loss, while extra-pulmonary 

manifestations depend on the site involved. 

The biological effects of pulmonary TB can extend beyond the period of active infection. Tissue 

destruction, fibrosis and airway distortion may persist even after bacteriological cure. This is 

important to the present study because mortality after treatment may reflect not only recurrent 

TB but also residual organ damage and interacting comorbidities. In a national Ugandan survey 

involving 41,154 adults, van Kampen et al. (2019) identified 798 participants with a previous 

history of TB. Among these survivors, 16% reported chronic respiratory symptoms and 41% had 

chest radiograph abnormalities. After adjustment for age, sex, smoking, education, setting and 

region, previous TB was associated with fourfold higher odds of chronic respiratory symptoms 

(adjusted OR 4.02, 95% CI 3.25–4.96) and markedly higher odds of radiographic abnormalities 

(adjusted OR 17.52, 95% CI 14.76–20.79). These findings show that apparent treatment success 

can coexist with substantial residual pulmonary disease. 

Comorbidity further complicates recovery. Diabetes, for example, is associated with poorer TB 

outcomes, while hyperglycaemia detected during active disease may not always represent 

established diabetes. Menon et al. (2020) in a systematic review of 11 prospective studies, found 

newly detected hyperglycaemia in 27.3% of participants at baseline. About half of these newly 

detected cases remained unresolved at follow-up, although the pooled prevalence of 

hyperglycaemia at three to six months was lower at 11% (95% CI 7–16%). This distinction is 



5 
 

relevant when interpreting diabetes and pre-diabetes in post-TB cohorts because metabolic 

abnormalities recorded during active disease may persist in some patients but resolve in others. 

The wider post-TB literature supports this clinical picture. Allwood et al. (2021) describe 

persistent airflow obstruction, bronchiectasis, fibrosis and reduced exercise capacity as important 

consequences of previous pulmonary TB. Nightingale et al. (2023) place these respiratory effects 

within a broader view of post-TB health that also includes cardiovascular, neurological, 

psychological, social and economic outcomes. Evidence on intervention is more limited. In a 

systematic review and meta-analysis of 25 studies involving 10,592 participants, Alene et al. 

(2024) found that rehabilitation produced a small but significant improvement in lung function 

(Hedges's g = 0.21, 95% CI 0.03–0.39), while evidence for several other preventive approaches 

remained insufficient. Thus, persistent morbidity after TB is well described, but the best way to 

prevent or manage every post-treatment complication is not yet established. 

2.1.2 Treatment regimens and guidelines: global and Ugandan perspectives 

Treatment depends on drug susceptibility, disease site and patient characteristics. Drug-

susceptible pulmonary TB is generally treated with a multidrug regimen containing an intensive 

phase followed by a continuation phase, while drug-resistant disease requires regimens selected 

according to resistance patterns and current national and international guidance (World Health 

Organization, 2025b). In Uganda, the National Tuberculosis and Leprosy Programme 

coordinates free TB diagnosis and treatment, adherence support, HIV testing and linkage, contact 

investigation and routine reporting (Ministry of Health, 2023). These programme functions are 

essential, but their principal indicators remain centered on diagnosis, treatment and the outcome 

recorded when treatment ends. 

Clinical trial evidence has substantially changed the treatment of highly drug-resistant TB and 

illustrates why treatment success should be considered separately from longer-term health. In the 

Nix-TB trial conducted at three South African sites, Conradie et al. (2020) treated 109 patients 

with extensively drug-resistant or treatment-intolerant/non-responsive multidrug-resistant TB 

using a six-month all-oral regimen of bedaquiline, pretomanid and linezolid. Ninety per cent 

achieved a favourable outcome six months after treatment. However, peripheral neuropathy 

occurred in 81% and myelosuppression in 48%, demonstrating that effective microbiological 

treatment can still carry an important burden of treatment-related morbidity. 
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The subsequent ZeNix trial tested whether linezolid exposure could be reduced without losing 

much efficacy. Among 181 participants, favorable outcomes ranged from 84% to 93% across 

four bedaquiline-pretomanid-linezolid regimens, while lower linezolid doses and shorter 

exposure reduced neuropathy and myelosuppression (Conradie et al., 2022). The broader 

implication is that modern TB treatment increasingly achieves high cure rates even in difficult 

drug-resistant disease, but the end of treatment does not automatically resolve lung damage, 

adverse drug effects, comorbid disease or social consequences. This distinction underpins the 

growing interest in post-TB health. 

2.1.3 Multidrug-resistant and extensively drug-resistant TB 

Multidrug-resistant TB is resistant to at least isoniazid and rifampicin, while definitions for more 

extensive resistance have evolved alongside new drug classes and molecular testing. Drug 

resistance remains important because it can prolong illness, delay effective therapy, increase 

toxicity and leave patients with greater residual disease burden (World Health Organization, 

2025b). Although shorter all-oral regimens have improved outcomes, drug-resistant TB survivors 

are not necessarily comparable with survivors of uncomplicated drug-susceptible disease. 

This difference matters when comparing post-treatment mortality studies. Salindri et al. (2024) 

followed 1,032 adults who had initiated treatment for rifampicin-resistant or 

multidrug/extensively drug-resistant TB in Georgia. Eighty-seven post-treatment deaths 

occurred, and HIV co-infection was associated with substantially higher post-TB mortality (aHR 

3.74, 95% CI 1.77–7.91). By contrast, the present dissertation concerns participants who 

completed treatment in routine urban Ugandan Health Centre IVs. Findings from drug-resistant 

cohorts are therefore informative about mechanisms and high-risk groups but should not be 

transferred directly to the current population without considering differences in disease severity 

and treatment history. 

2.2 Global and regional TB burden 

2.2.1 Epidemiology of tuberculosis 

2.2.1.1 Global incidence and mortality 

TB remains a major global public-health problem. The World Health Organization estimated that 

10.7 million people developed TB and 1.23 million died from the disease in 2024, with low- and 
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middle-income countries carrying most of the burden (World Health Organization, 2025a). 

These figures describe the burden during active disease and treatment, but they do not fully 

capture health loss occurring after treatment completion. 

Modeling work suggests that this omitted burden is substantial. Menzies et al. (2021) modeled 

lifetime health outcomes for people developing TB in 2019 and estimated approximately 122 

million disability-adjusted life-years attributable to incident TB. Of these, 58 million DALYs, or 

about 47% of the estimated lifetime burden, were attributed to post-TB sequelae. The model 

necessarily relied on assumptions about lung-function loss and subsequent mortality, but it 

illustrates why an exclusive focus on treatment-period outcomes can underestimate the total 

health burden of TB. 

Empirical studies also show that excess mortality persists after treatment. Romanowski et al. 

(2019) synthesized ten studies involving 40,781 individuals and 6,922 deaths. Compared with 

control populations, people previously treated for TB had a pooled standardized mortality ratio 

of 2.91 (95% CI 2.21–3.84); among those with confirmed cure or treatment completion, the 

pooled ratio was even higher at 3.76 (95% CI 3.04–4.66). Considerable heterogeneity was 

present, meaning that the absolute level of risk varies between settings, but the direction of the 

evidence is consistent: successful treatment does not return all survivors to the mortality profile 

of people without previous TB. 

Wang et al. (2025) similarly describe post-TB morbidity as a combination of chronic respiratory 

disease, cardiovascular disease, malignancy and other long-term complications that may 

contribute to excess mortality. Read alongside the burden estimates of Menzies et al. (2021), this 

evidence cautions against viewing later mortality as recurrent TB alone; some deaths may arise 

from sequelae or comorbid conditions that persist or develop after microbiological cure. 

2.2.1.2 SubSaharan African and Ugandan context 

The African region carries a disproportionate TB burden because high transmission intersects 

with HIV, under-nutrition, poverty and health-system constraints (World Health Organization, 

2025a). Within this context, the post-treatment period deserves attention because the same 

vulnerabilities that complicate active TB may continue after treatment. Evidence from Uganda is 

now emerging from several different populations rather than from programme reports alone. 
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Lumu et al. (2023) followed 1,111 antiretroviral-therapy-experienced people living with HIV 

who had completed TB treatment at a specialist HIV clinic in Uganda. Over 4,410.6 person-

years, 67 deaths occurred, giving an all-cause mortality rate of 15.42 per 1,000 person-years 

(95% CI 12.14–19.59). Mortality was highest in the first year after treatment at 25.89 per 1,000 

person-years and fell to 10.65 and 5.37 per 1,000 person-years at years three and five, 

respectively. Low CD4 count (<200 cells/mL) remained associated with mortality (aHR 1.81, 

95% CI 1.06–3.11), as did a history of TB retreatment (aHR 2.12, 95% CI 1.16–3.85). This study 

is directly relevant to the current dissertation because it demonstrates post-treatment mortality in 

Uganda, although its specialist HIV-clinic population differs from the mixed HIV-status 

population at Kawaala and Kiswa. 

A similar pattern has been reported outside Uganda. Acharya et al. (2024) analyzed 1,804 HIV-

TB co-infected patients from 16 antiretroviral therapy centres in Mumbai, India. Mortality was 

18.0% during TB treatment and remained 10.6% in the post-treatment period. A CD4 count of 0-

200 cells/mm3 was associated with substantially higher mortality (HR 3.04, 95% CI 2.13-4.15), 

and a fall in CD4 count between the start and end of TB treatment was associated with higher 

post-treatment mortality. Although the Mumbai cohort differs from routine Health Centre IV 

populations in Kampala, the findings strengthen the argument that immune recovery, rather than 

HIV status alone, is important when interpreting survival after TB treatment. 

More recent Ugandan work has broadened this evidence. Baluku et al. (2024) studied 334 

pulmonary TB survivors in rural Uganda and documented 38 deaths (11.4%) over 1,333.8 

person-years, equivalent to 28.5 deaths per 1,000 person-years. Median time from cure to death 

was 8.8 months, and mortality was associated with previous hospitalization (aHR 4.3, 95% CI 

1.1–16.6) and unemployment (aHR 7.04, 95% CI 1.5–31.6). In a separate Ugandan cohort of 125 

pulmonary TB survivors, Bongomin et al. (2025) reported 8.8% mortality and a rate of 24.3 per 

1,000 person-years; HIV infection was associated with a threefold higher mortality hazard (aHR 

3.04, 95% CI 1.46–6.34). Together these studies show that post-TB mortality is not confined to 

one Ugandan setting, but estimates differ according to population, disease severity, follow-up 

duration and clinical context. 
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2.3 Treatment success and continuing challenges 

2.3.1 WHO-recommended treatment and programme delivery 

For drug-susceptible pulmonary TB, treatment success remains a central programme objective 

and is supported by appropriate regimens, adherence counseling, bacteriological monitoring and 

patient-centred care (World Health Organization, 2025b). Uganda implements these services 

through the National Tuberculosis and Leprosy Programme, including HIV testing and linkage, 

contact investigation and outcome reporting (Ministry of Health, 2023). These interventions have 

improved the management of active TB, but programme success is still largely judged at or 

before the point of treatment completion. 

The difficulty is that the end-of-treatment outcome and the patient's subsequent health are related 

but not identical. Fox et al. (2019), in a prospective cohort across 70 clinics in Vietnam, enrolled 

10,964 adults with smear-positive pulmonary TB and 25,707 household controls. During a 

median follow-up of 2.9 years, 342 patients died during treatment and a further 637 (5.8%) died 

after discharge. The standardized mortality ratio among TB patients was 4.0 (95% CI 3.7–4.2) 

compared with the control population. Nearly half of post-treatment deaths were judged likely to 

be TB-related using available cause-of-death information. This large cohort demonstrates why 

treatment success alone is an incomplete indicator of the longer-term burden. 

2.3.2 Limitations of treatment-outcome indicators 

Standard treatment outcomes are indispensable for programme monitoring, but they do not 

measure recurrent TB, post-TB lung disease, functional limitation, progression of comorbidities 

or death occurring after treatment has ended. Evidence from Korea illustrates the difference 

clearly. Choi et al. (2023) compared 82,098 TB survivors with the same number of matched 

controls. Mortality was 18.2 per 1,000 person-years among survivors compared with 8.8 per 

1,000 person-years among controls, and the fully adjusted mortality hazard remained 62% higher 

in TB survivors (HR 1.62, 95% CI 1.54–1.70). Such findings argue for viewing cure and 

treatment completion as important milestones rather than final measures of recovery. 

Post-treatment evaluation should therefore complement, not replace, conventional TB 

programme indicators. The need is not necessarily for every survivor to attend a new specialist 

clinic. Rather, available evidence supports identifying people with persistent symptoms, poorly 

controlled comorbidities or other markers of vulnerability and ensuring an appropriate route back 
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into care. This is consistent with post-TB clinical standards and with qualitative work from 

African settings showing that survivors and health workers often face uncertainty about where 

post-treatment problems should be managed (Karanja et al., 2022; Meghji et al., 2024; Migliori 

et al., 2021). 

2.4 Post-treatment outcomes in TB 

2.4.1 Definition and classification of treatment outcomes 

Standardized TB treatment outcomes allow programmes to compare treatment performance 

across settings. The principal categories are cure, treatment completion, treatment failure, death, 

loss to follow-up and not evaluated (World Health Organization, 2025b). A patient is classified 

as cured when treatment is completed with the required bacteriological evidence of response, 

while treatment completion refers to completing the prescribed course without evidence of 

failure but without the bacteriological documentation required for classification as cured. Death 

refers to death from any cause during treatment; failure, loss to follow-up and not evaluated 

captures other unfavorable or incomplete treatment outcomes. 

These definitions are deliberately treatment-centered. They are not intended to describe the 

subsequent development of chronic respiratory disease, recurrent TB, disability or death. For the 

present dissertation, post-treatment mortality therefore represents a distinct outcome period 

beginning after the recorded favourable treatment outcome. Keeping this distinction clear avoids 

treating a later death as though it were a failure of the original treatment outcome classification. 

2.4.2 Post-TB mortality evidence 

The most consistent finding across the literature is that mortality remains elevated after TB 

treatment, although its absolute magnitude varies widely. Romanowski et al. (2019) found an 

almost threefold pooled excess mortality compared with control populations. Fox et al. (2019) 

reported 637 post-discharge deaths among 10,964 Vietnamese patients, while Choi et al. (2023) 

observed more than twice the crude mortality rate among 82,098 Korean TB survivors compared 

with matched controls. These studies differ in setting, age structure and methods of outcome 

ascertainment, but they converge on the conclusion that post-treatment survival deserves separate 

consideration. 
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A particularly relevant comparison comes from Uganda. Lumu et al. (2023) reported 15.42 

deaths per 1,000 person-years among people living with HIV, Baluku et al. (2024) reported 28.5 

per 1,000 person-years among pulmonary TB survivors in rural Uganda, and Bongomin et al. 

(2025)  reported 24.3 per 1,000 person-years in a tertiary-hospital pulmonary TB cohort. These 

values should not be interpreted as competing estimates of one national rate. Lumu's cohort was 

restricted to ART-experienced people living with HIV, Baluku's participants came from rural 

settings, and Bongomin's cohort had a high burden of advanced pulmonary disease and fibrosis. 

The variation itself is informative because it suggests that post-treatment mortality is shaped by 

who is studied and how severely affected they were before treatment ended. 

2.5 Long-term health and quality of life after TB 

Survival is only one aspect of post-TB health. Pulmonary TB can leave fibrosis, bronchiectasis, 

airflow obstruction, reduced exercise capacity and chronic respiratory symptoms. The Ugandan 

national survey by van Kampen et al. (2 

019) provides local empirical evidence: 16% of 798 people with previous TB reported chronic 

respiratory symptoms and 41% had radiological abnormalities. These findings show that residual 

disease is common enough to matter at population level and may provide one pathway linking 

previous TB with later mortality. 

Health-related quality of life may also identify survivors with greater vulnerability. Bongomin et 

al. (2025) found that 32% of their Ugandan cohort had a St. George's Respiratory Questionnaire 

score above 60, indicating poor respiratory health-related quality of life. A score above 60 was 

associated with higher subsequent mortality (aHR 2.01, 95% CI 1.49–2.72). The same cohort had 

pulmonary fibrosis in 51.2% and far-advanced pulmonary TB in 36.8% at baseline. These 

findings support the view that residual functional burden can remain clinically important long 

after treatment completion. 

The post-treatment experience also includes uncertainty about symptoms and care seeking. 

Meghji et al. (2024)  interviewed 23 symptomatic pulmonary TB survivors in Blantyre, Malawi, 

together with 18 health workers and 12 TB officers. Survivors described anxiety about persistent 

or recurrent symptoms, uncertainty about whether they had truly recovered and uncertainty about 

where to seek care. Providers similarly reported heterogeneous approaches to investigation and 
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retreatment. This qualitative evidence helps explain why simply advising patients to return when 

unwell may not be sufficient if the pathway back to care is unclear. 

At a health-facility and service-delivery level, Karanja et al. (2022) interviewed 38 stakeholders 

from Kenya, Malawi and international organizations and then held workshops involving 59 

participants. Stakeholders broadly recognized the need for holistic post-TB care, but identified 

uncertainty about programme ownership, funding, staff, equipment and integration with non-

communicable-disease services. Their findings are useful for the Ugandan context because they 

show that post-TB follow-up is not only a clinical question; implementation depends on how 

responsibilities are organized within already constrained health services. 

The same need for a broader, survivor-centered approach is evident in review literature. 

Nightingale et al. (2023) concluded that routine TB outcomes rarely capture health-related 

quality of life, social recovery, comorbidity and long-term wellbeing, and recommended that 

these outcomes receive greater attention in post-TB care. Leung et al. (2025) systematically 

synthesized 16 qualitative studies and identified recurring physical, psychological, social and 

economic consequences, including stigma and threats to survivors' social roles. Thu et al. (2025), 

focusing specifically on post-TB lung disease, described continuing respiratory symptoms and 

reduced lung function after microbiological cure and highlighted the unresolved questions of 

which patients are at greatest risk and how services should monitor them. These sources 

complement the cohort studies by showing what mortality statistics alone cannot capture: 

survival may coexist with substantial continuing illness and reduced wellbeing. 

2.6 Mortality after TB treatment 

2.6.1 Post-treatment mortality rates 

2.6.1.1 Global evidence 

Post-treatment mortality has been documented in low-, middle- and high-income settings. The 

systematic review by Romanowski et al. (2019) reported a pooled standardized mortality ratio of 

2.91, while Fox et al. (2019) found 637 post-treatment deaths among 10,964 Vietnamese 

patients. In Korea, Choi et al. (2023) reported 5,549 deaths among 82,098 TB survivors during 

304,971 person-years, giving a mortality rate of 18.2 per 1,000 person-years compared with 8.8 

per 1,000 among matched controls. The consistency across these very different settings 

strengthens the argument that post-treatment mortality is not an isolated programme problem. 
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At the same time, not every setting shows the same degree of excess mortality. Gorvetzian et al. 

(2024) linked 3,182 adult TB treatment survivors in Georgia, USA, to the National Death Index 

and identified 233 deaths (7.3%). The overall age- and sex-adjusted standardized mortality ratio 

was 0.89 (95% CI 0.73–1.05), although mortality was elevated in important subgroups, including 

US-born survivors. This contrasts with the high pooled excess mortality reported by 

Romanowski et al. (2019) and illustrates why local demographic composition, migration, 

comorbidity and access to health care can modify observed post-TB mortality. 

2.6.1.2 Sub-Saharan African and Ugandan evidence 

Ugandan studies indicate clinically important mortality after treatment but also demonstrate 

substantial heterogeneity. Lumu et al. (2023) reported a rate of 15.42 per 1,000 person-years 

among ART-experienced people living with HIV. Baluku et al. (2024) found a higher rate of 

28.5 per 1,000 person-years among 334 rural pulmonary TB survivors, while Bongomin et al. 

(2025) reported 24.3 per 1,000 person-years in 125 pulmonary TB survivors followed from a 

tertiary-hospital cohort. The differences probably reflect variation in HIV prevalence, previous 

disease severity, health-service level, follow-up duration and ascertainment rather than simple 

geographical differences. 

Evidence from eastern and north-eastern Uganda also demonstrates that treatment outcomes are 

embedded in social and service conditions. Izudi et al. (2020) documented mortality among 

adults treated for TB in rural eastern Uganda, while Nidoi et al. (2021) found that socio-

economic circumstances strongly influenced treatment outcomes in Karamoja. Although these 

studies were not designed specifically around post-treatment mortality, they provide important 

context: the patients who enter the post-treatment period do so with different levels of material 

resources, access to care and physiological reserve. 

2.6.2 Timing and factors associated with mortality 

2.6.2.1 Importance of the first two post-treatment years 

The timing of death is important because an identical two-year mortality proportion can have 

different programme implications depending on whether deaths occur immediately after 

treatment or are spread evenly over time. Ugandan evidence suggests that risk is often 

concentrated early. In Lumu et al. (2023) mortality was 25.89 per 1,000 person-years in the first 

year, compared with 10.65 in year three and 5.37 in year five. Baluku et al. (2024) similarly 
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reported a median interval from cure to death of only 8.8 months. These patterns support close 

attention to the transition from treatment completion into the first post-treatment year. 

International data show a similar, although not identical, pattern. Salindri et al. (2024) observed 

87 post-treatment deaths among people treated for drug-resistant TB in Georgia, with a median 

time to death of 21 months. The longer interval than in the Ugandan rural cohort may reflect 

different disease, treatment and health-service contexts. The consistent point is not that all post-

TB deaths occur within a fixed period, but that the early years after treatment carry appreciable 

risk and merit explicit study. 

Several pathways may contribute to this early vulnerability. Residual lung damage can limit 

respiratory reserve; recurrent disease can emerge; nutritional recovery may be incomplete; and 

HIV or metabolic disease may remain poorly controlled. The concentration of risk should 

therefore not be interpreted as proof that lack of post-treatment follow-up causes mortality. 

Rather, it identifies a period when unresolved disease and comorbidity may become clinically 

apparent and when timely access to care could be particularly important. 

2.6.2.2 Later post-treatment mortality 

Excess risk does not necessarily disappear after the first year. Choi et al. (2023)  followed a large 

population-based cohort for several years and still found an adjusted mortality hazard 1.62 times 

that of matched controls. Romanowski et al. (2019) likewise included studies with at least 12 

months of follow-up and found sustained excess mortality. Later deaths are likely to be 

heterogeneous, including respiratory, cardiovascular, malignant, infectious and other causes 

rather than recurrent TB alone. 

This broader cause-of-death profile is supported by international data. In the Romanowski et al. 

(2019) meta-analysis, cardiovascular disease accounted for approximately 20% of reported post-

treatment deaths. Gorvetzian et al. (2024) similarly found cardiovascular disease and malignancy 

to be common causes of death among US TB survivors, while HIV-related mortality was 

markedly over-represented relative to the general population. These findings caution against 

interpreting all-cause post-TB mortality as a direct measure of recurrent TB 
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2.7 Predictors of post-treatment mortality 

2.7.1 Demographic and socio-economic factors 

Age and sex frequently predict long-term mortality, but their effects depend on the composition 

of the cohort. In the Korean population study, male TB survivors had more than twice the 

mortality hazard of females (adjusted HR 2.31, 95% CI 2.16–2.47), and mortality increased with 

age (Choi et al., 2023). Large population-based studies have sufficient events to estimate these 

gradients precisely. Smaller cohorts, including the present study, may not reproduce them 

because relatively few deaths produce wide confidence intervals even when the direction of 

effect is similar. 

Socio-economic position is also relevant, although it is measured differently across studies. Choi 

et al. (2023) reported a higher mortality hazard among survivors in the lowest income category 

(HR 1.27, 95% CI 1.18–1.37). In rural Uganda, Baluku et al. (2024) found a much stronger 

association with unemployment (aHR 7.04, 95% CI 1.5–31.6), but the wide interval indicates 

considerable uncertainty around the magnitude. Income and employment should not be treated as 

interchangeable: income measures current resources, while employment may also reflect 

functional capacity, social position and illness severity. 

Nidoi et al. (2021) provide additional Ugandan evidence, although their outcome was treatment 

success rather than post-treatment mortality. In 264 former TB patients from ten diagnostic and 

treatment units in Karamoja, the wealthiest quintile had lower odds of an unsuccessful treatment 

outcome (adjusted OR 0.42, 95% CI 0.18–0.99), while informal-sector employment was 

associated with higher odds of an unsuccessful outcome (adjusted OR 4.71, 95% CI 1.18–18.89). 

Qualitative findings identified inadequate food, migration, stigma, lack of social protection, drug 

stock-outs and transport difficulties. This study supports the plausibility of socio-economic 

pathways but should not be cited as direct evidence of post-treatment mortality. 

Socio-economic consequences may also extend beyond the individual patient. Atkins et al. 

(2022) reviewed 36 studies on the socio-economic effects of TB on children and adolescents, 

including 29 qualitative, five quantitative and two mixed-methods studies. The studies described 

impoverishment, stigma, family separation, nutritional effects and missed education. Although 

the review focused on younger populations and was not designed to estimate post-treatment 

mortality, it demonstrates how TB can continue to affect household resources and social 
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functioning. This supports treating income in the present study as one indicator of socio-

economic position rather than as a complete measure of vulnerability. 

2.7.2 Clinical factors 

HIV is among the most consistently reported clinical determinants of mortality after TB 

treatment. In Lumu et al. (2023), all participants were living with HIV, but poorer immune status 

distinguished higher-risk survivors: CD4 count below 200 cells/mL was associated with an 81% 

higher adjusted mortality hazard. Bongomin et al. (2025) compared HIV-positive and HIV-

negative pulmonary TB survivors in Uganda and found an aHR of 3.04 (95% CI 1.46–6.34). 

Salindri et al. (2024) reported a similar pattern in drug-resistant TB survivors in Georgia, where 

HIV was associated with an aHR of 3.74 (95% CI 1.77–7.91). The consistency across different 

settings strengthens biological plausibility, but the size of the association still depends on ART 

access, immune recovery, viral suppression and competing illnesses. 

Diabetes has a well-established association with adverse outcomes during TB treatment, but 

evidence specifically after treatment is more mixed. Huangfu et al. (2019) reviewed 104 

publications; 64 studies reporting mortality included 56,122 people with TB and diabetes and 

243,035 with TB alone. Diabetes was associated with higher odds of death (OR 1.88, 95% CI 

1.59–2.21) and relapse (OR 1.64, 95% CI 1.29–2.08). However, these estimates mainly concern 

treatment-period and overall TB outcomes rather than mortality beginning strictly after treatment 

completion. 

Post-treatment analyses are less consistent. Houck et al. (2023) studying 927 people with TB in 

the state of Georgia, found a strong association between diabetes and death before or during 

treatment, but the post-treatment estimate was less precise. In adjusted cause-specific analysis, 

diabetes had an HR of 2.69 (95% CI 0.71–10.16), while pre-diabetes had an HR of 1.38 (95% CI 

0.14–13.91). These wide intervals crossed one. Gorvetzian et al. (2024) using a much larger 

post-treatment survivor cohort, found diabetes associated with post-treatment mortality (adjusted 

HR 2.05, 95% CI 1.44–2.91). The difference between studies suggests that diabetes is clinically 

important but that its post-treatment effect is sensitive to sample size, case definition and 

population characteristics. 
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Nutritional status may act both as a marker of disease severity and as a determinant of recovery. 

In Korea, higher BMI was associated with lower long-term mortality among TB survivors (HR 

0.91 per unit increase, 95% CI 0.90–0.92) (Choi et al., 2023). Among adults treated for drug-

resistant TB in Georgia, Chakhaia et al. (2025) found that failure to gain weight was associated 

with substantially higher mortality during and after treatment; among those with low baseline 

BMI, lack of weight gain was associated with approximately fivefold higher post-treatment 

mortality (aHR 4.99, 95% CI 1.25–19.94). This suggests that change in nutritional status may be 

more informative than a single BMI measurement. 

Residual pulmonary disease is another plausible determinant. van Kampen et al. (2019) 

documented high levels of respiratory symptoms and radiographic abnormality among Ugandan 

TB survivors, while Bongomin et al. (2025) found that poor respiratory health-related quality of 

life predicted mortality. These findings do not prove that lung damage caused individual deaths, 

but they support including chronic respiratory disease and functional status in post-TB risk 

assessment where feasible. 

Treatment-related toxicity may also contribute to long-term health, especially among people 

treated for drug-resistant TB. The Nix-TB and ZeNix trials achieved high favorable-outcome 

proportions but documented substantial linezolid-related neuropathy and myelosuppression, 

particularly with higher and longer dosing (Conradie et al., 2020, 2022).  This is a reminder that 

a favorable microbiological outcome does not necessarily imply that treatment-related morbidity 

has fully resolved. 

2.7.3 Social and behavioural factors 

Behavioural exposures can interact with pre-existing lung injury and other chronic disease. Choi 

et al. (2023) found that cumulative smoking exposure and heavy alcohol consumption were 

independently associated with mortality among TB survivors; heavy alcohol use carried an 

adjusted HR of 1.12 (95% CI 1.01–1.23). In the US Georgia cohort, excess alcohol use was 

associated with post-treatment mortality even after adjustment (HR 1.64, 95% CI 1.17–2.30) 

(Gorvetzian et al., 2024). These findings support measuring smoking and alcohol use in post-TB 

research, while also showing why missing comparator data can prevent meaningful estimation. 
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The association between alcohol and TB is also supported by broader epidemiological evidence. 

Imtiaz et al. (2017) included 36 studies in meta-analyses of alcohol exposure and TB risk. Any 

alcohol use was associated with a 35% higher risk of TB (RR 1.35, 95% CI 1.09-1.68), while 

alcohol-related problems were associated with more than threefold higher risk (RR 3.33, 95% CI 

2.14-5.19). These estimates concern TB incidence rather than post-treatment mortality and 

should not be interpreted as direct evidence for death after cure. They nevertheless support the 

biological and behavioural relevance of harmful alcohol use when studying long-term outcomes 

in TB survivors. 

Stigma, social support and transport constraints may affect outcomes less directly, mainly by 

shaping care seeking, nutrition and continuity of treatment for comorbid conditions. Nidoi et al. 

(2021) identified stigma, food insecurity, migration and transport barriers as important influences 

on TB treatment outcomes in Karamoja. Although these findings relate to the treatment period, 

similar mechanisms can plausibly operate after treatment, when formal TB support may be 

reduced. For this reason, social and behavioural variables should be interpreted as potential 

pathways rather than assumed direct causes of mortality. 

2.7.4 Health-facility factors 

Post-treatment care depends on whether survivors know where to seek help and whether services 

can respond to persistent symptoms and comorbidities. Meghji et al. (2024) found that 

symptomatic survivors in Blantyre often experienced uncertainty about returning to care, while 

providers described inconsistent investigation and referral practices. Karanja et al. (2022) 

similarly found that stakeholders in Kenya and Malawi identified unclear leadership, limited 

funding, staff shortages, equipment constraints and weak integration between TB and NCD 

programmes as barriers to implementing post-TB services. 

These findings suggest that health-facility variables should go beyond counting clinic visits. 

Frequent visits may reflect deteriorating health rather than good or poor care, creating the 

possibility of reverse causation. More informative measures would include why the patient 

attended, whether symptoms were assessed, actual waiting time, whether referral was completed 

and whether appropriate investigations were available. The current dissertation includes 

participant-reported access, quality, waiting time and follow-up attendance; these are useful 

indicators, but they capture only part of the post-treatment care pathway. 
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Romanowski et al. (2023) used a theory-informed process to develop a post-TB care package in 

British Columbia and emphasized the need to link assessment to practical referral and 

management pathways rather than simply adding surveillance. Although that work arose from a 

high-income setting, the principle is relevant to Uganda: post-treatment follow-up is most useful 

when findings can trigger an achievable clinical action within existing health services. 

2.7.5 Synthesis of recent evidence informing this study 

Across the reviewed evidence, bacteriological treatment success and complete recovery are 

clearly not the same outcome. Large cohorts from Vietnam and Korea, meta-analytic evidence 

and Ugandan cohort studies all demonstrate continuing mortality after treatment (Choi et al., 

2023; Fox et al., 2019; Lumu et al., 2023; Romanowski et al., 2019). Ugandan data also show 

that many survivors continue to have respiratory symptoms or structural lung abnormalities (van 

Kampen et al., 2019). Clinical and qualitative reviews reach the same broader conclusion: post-

TB health includes respiratory impairment, other comorbidities, psychological wellbeing, social 

functioning and economic recovery, not survival alone (Allwood et al., 2021; Leung et al., 2025; 

Nightingale et al., 2023; Thu et al., 2025). Rehabilitation may improve selected outcomes, but 

evidence for many specific post-TB interventions is still developing (Alene et al., 2024; Wang et 

al., 2025). 

The literature is less uniform on who is most likely to die after treatment. HIV shows one of the 

more consistent positive associations, particularly where immune recovery is poor. This pattern 

appears in Ugandan cohorts and in studies from other settings, including the Mumbai HIV-TB 

cohort reported by Acharya et al. (2024) and the drug-resistant TB cohort analyzed by Salindri et 

al. (2024) Diabetes is also associated with worse TB outcomes overall, but post-treatment 

estimates vary from clear associations in larger cohorts to wide, inconclusive estimates in smaller 

studies (Gorvetzian et al., 2024; Houck et al., 2023; Huangfu et al., 2019). Nutritional recovery, 

residual lung disease and socio-economic disadvantage are also plausible contributors, although 

they are measured differently across studies. 

Timing adds another layer to this variation. Lumu et al. (2023) and Baluku et al. (2024) found 

mortality concentrated relatively early after treatment, whereas population-based studies and 

meta-analyses show that excess risk can persist for several years (Choi et al., 2023; Romanowski 

et al., 2019). This makes time to death important in its own right rather than simply an extension 
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of a cumulative mortality proportion. It also means that an early concentration of deaths in one 

cohort should not be interpreted as evidence that risk disappears after the first year. 

Differences in study design further complicate direct comparison. Follow-up may begin at cure, 

treatment completion or another recorded discharge point; deaths may be identified through 

registries, active tracing or verbal autopsy; and losses to follow-up may be censored, excluded or 

handled in sensitivity analyses. Lumu et al. (2023) for example, showed that treating all 

participants lost to follow-up as deaths increased the estimated mortality rate from 15.42 to 44.65 

per 1,000 person-years. Transparent outcome ascertainment, explicit censoring rules and 

emphasis on confidence intervals are therefore essential when interpreting post-TB mortality 

studies. 

For the present study, the evidence supports a multi-domain approach rather than a search for 

one universal predictor. Clinical factors such as HIV, dysglycaemia, nutritional status and 

chronic lung disease may interact with material circumstances, behaviour and access to 

continuing care. Socio-economic and service factors are also not interchangeable: income, 

employment, transport constraints, waiting experience and follow-up attendance represent 

different parts of the recovery pathway(Atkins et al., 2022; Imtiaz et al., 2017; Nidoi et al., 2021; 

Romanowski et al., 2023). These relationships are best interpreted as plausible and interacting 

pathways, particularly in a small observational cohort where adjusted associations cannot 

establish causation. 

2.8 Research gaps addressed 

Important evidence now exists on TB treatment outcomes and on the longer-term health of TB 

survivors. The remaining gap is therefore broader than the absence of a mortality estimate for 

Kawaala and Kiswa. First, routine programme indicators largely end at treatment outcome, 

creating a discontinuity between documented treatment success and what happens to patients 

afterwards. Second, Ugandan post-treatment evidence comes from selected populations and 

settings, including specialist HIV care, rural cohorts and tertiary-hospital survivors, which may 

not represent patients discharged from urban Health Centre IVs. Third, available studies do not 

consistently examine clinical, socio-economic and health-facility factors together. Finally, the 

timing of post-treatment deaths is not routinely captured, yet this information is important for 

determining when follow-up may be most useful. 
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2.8.1 Limited Ugandan post-treatment outcome evidence 

Ugandan studies have demonstrated that post-treatment mortality is real, but each answers a 

somewhat different question. Lumu et al. (2023) focused exclusively on people living with HIV 

in specialist care; Baluku et al. (2024) studied pulmonary TB survivors in rural Uganda; and 

Bongomin et al. (2025) followed survivors from a tertiary-hospital pulmonary TB cohort with 

substantial residual lung disease. These studies provide important benchmarks, but there remains 

limited evidence from routine urban lower-level facilities serving a mixed population. The 

present study contributes to this gap by following eligible participants discharged from Kawaala 

and Kiswa Health Centre IVs. 

2.8.2 Limited multi-domain analysis of potential predictors 

Much of the literature examines one domain at a time. HIV studies often have detailed 

immunological data but limited socio-economic information; studies of diabetes focus on 

metabolic status; and qualitative health-facility studies describe access and service organization 

without estimating mortality hazards. Yet post-treatment recovery is likely to reflect interaction 

between biological reserve, comorbidity, material resources and care access. By examining 

available demographic, socio-economic, clinical and follow-up variables in the same cohort, this 

dissertation attempts a broader assessment while recognizing that only routinely available or 

collected variables can be analyzed. 

2.8.3 Limited evidence on timing after treatment discharge 

Existing evidence suggests that mortality is often concentrated soon after treatment, but the 

pattern is not uniform. Lumu et al. (2023) reported the highest mortality rate in the first year, and 

Baluku et al. (2024) found a median time to death of 8.8 months, whereas other cohorts observed 

substantial mortality for several years. Before the present analysis, the distribution of deaths 

across the first 24 months had not been described for eligible participants from the two study 

facilities. Estimating both cumulative mortality and time to death therefore addresses a practical 

gap that a single end-point proportion would miss.  
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CHAPTER THREE: STATEMENT OF THE PROBLEM, JUSTIFICATION AND 

CONCEPTUAL FRAMEWORK 

3.1 Problem statement 

Although successful completion of tuberculosis treatment is an important programme 

achievement, evidence from Uganda shows that mortality continues after treatment has ended. At 

the Infectious Diseases Institute in Kampala, Lumu et al. (2023) followed 1,111 ART-

experienced people living with HIV after TB treatment completion and reported an overall 

mortality rate of 15.42 deaths per 1,000 person-years; mortality was highest in the first year at 

25.89 per 1,000 person-years. More recently, a cohort of 125 pulmonary TB survivors followed 

from Mulago National Referral Hospital in Kampala recorded 8.8% mortality and a rate of 24.3 

deaths per 1,000 person-years (Bongomin et al., 2025). In rural Uganda, Baluku et al. (2024) 

reported 11.4% cumulative mortality and 28.5 deaths per 1,000 person-years among 334 

pulmonary TB survivors. These findings indicate that post-treatment mortality is clinically 

important in Uganda, although the magnitude varies across populations and settings. 

Several responses have been implemented to improve TB outcomes and address important 

comorbidities. Uganda has strengthened directly observed treatment, routine HIV testing and 

linkage to antiretroviral therapy, contact investigation and treatment-outcome monitoring 

(Ministry of Health, 2023). In Kampala, diabetes screening has also been integrated into routine 

TB services. In a 2016–2017 implementation study across ten Kampala health facilities, 

including Kawaala and Kiswa Health Centre IVs, 4,590 TB patients were registered and 88.0% 

were screened using random blood glucose; 92 patients were identified with diabetes. Kawaala 

and Kiswa registered 593 and 299 TB patients, respectively, during the reporting periods, 

showing that both facilities were active TB treatment sites and had already participated in TB–

diabetes integration (Nsonga et al., 2019). International post-TB standards have also increasingly 

recommended assessment for persistent symptoms, functional impairment and comorbidity after 

treatment completion (Nightingale et al., 2023; World Health Organization, 2025b) 

Despite these efforts, most routine TB interventions and indicators remain concentrated on 

diagnosis, the treatment period and the treatment outcome recorded at completion. The Kampala 

diabetes-screening initiative addressed an important comorbidity during TB care, but it did not 

establish longer-term survival after treatment. Similarly, the post-treatment studies from the 

Infectious Diseases Institute and Mulago National Referral Hospital provide important Kampala 



23 
 

evidence, but they involved selected populations—a specialist HIV cohort and a tertiary-hospital 

pulmonary TB cohort—and therefore do not directly describe outcomes among the broader 

mixed-HIV-status population treated at urban Health Centre IVs. 

For Kawaala and Kiswa Health Centre IVs specifically, the magnitude of mortality during the 

first two years after TB treatment discharge, the period in which deaths are concentrated, and the 

patient or health-facility characteristics that may predict mortality had not been established in the 

available cohort information. This gap has practical implications. If clinically vulnerable patients 

die soon after discharge, routine services that largely conclude active TB follow-up at treatment 

completion may have limited opportunity to identify persistent respiratory disease, HIV-related 

illness, metabolic problems, nutritional vulnerability or other complications requiring continued 

care. The issue is therefore not simply the absence of facility-specific statistics, but the limited 

evidence available to guide who may need closer post-treatment attention and when that 

attention may be most useful. 

This study therefore quantified mortality within 24 months after TB treatment discharge, 

examined potential predictors of mortality and described time to death among eligible members 

of the parent TB–diabetes cohort at Kawaala and Kiswa Health Centre IVs. By using a cohort 

with existing clinical and demographic information and supplementing it with post-treatment 

outcome ascertainment, the study sought to provide locally relevant evidence on the transition 

from a favourable TB treatment outcome to subsequent survival. 

3.2 Justification 

Locally generated evidence on the magnitude and timing of post-TB mortality can help clinicians 

and programme managers determine whether post-treatment follow-up warrants greater attention 

and when it may be most useful. Identifying potential predictors can also help define groups that 

may merit closer clinical assessment, while evaluation of HIV, glycaemic and nutritional status 

alongside health-facility experiences supports more integrated TB–HIV–non-communicable-

disease planning. The study makes efficient use of a well-characterized parent cohort, 

supplemented by post-treatment outcome follow-up, and provides evidence from urban Health 

Centre IVs that complements existing Ugandan studies from specialist HIV, tertiary-hospital and 

rural settings. 
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3.3 Conceptual framework 

The conceptual framework for this dissertation was developed by the researcher from the 

reviewed post-TB literature rather than being adopted from a single named model. It groups 

potential predictors into demographic and socio-economic, clinical, behavioural and social, and 

health-facility and follow-up domains. All four domains are linked to post-treatment mortality 

and time to mortality, while dashed arrows in Figure 3.1 show selected relationships among the 

domains and double-headed arrows show plausible reciprocal pathways. 

The measured variables are presented as stand-alone constructs: age, sex, highest level of 

education attained, occupation, monthly income, HIV status, glycaemic status, nutritional status, 

recorded comorbidities, post-treatment social support, reported stigma challenge, transport-cost 

challenge, number of post-treatment follow-up visits, access to post-treatment follow-up care, 

perceived quality of follow-up care and perceived long waiting time. Smoking and alcohol 

history were available only for deceased participants and are therefore shown with other 

incompletely measured or unmeasured factors. 

The inter-domain arrows are supported by empirical evidence. In north-eastern Uganda, Nidoi et 

al. (2021) found that the wealthiest quintile had lower odds of an unsuccessful TB treatment 

outcome (adjusted OR 0.42, 95% CI 0.18–0.99), while qualitative findings linked financial 

hardship with food and transport barriers, stigma, social support and difficulties reaching TB 

services; this supports pathways from socio-economic conditions to behavioural/social and 

health-facility factors. Meghji et al. (2024) found that persistent post-TB respiratory symptoms 

shaped anxiety, care seeking and routes of return to health facilities, supporting links from 

clinical status and the evolving post-treatment health trajectory to facility use. Leung et al. 

(2025), synthesizing 16 qualitative studies, identified physical, psychological, economic and 

social effects of post-TB sequelae, including threats to social roles, stigma and limited access to 

care. Together with Nightingale et al. (2023) and Karanja et al. (2022), these findings support 

clinical and socio-economic influences on social and health-facility domains, a reciprocal 

relationship between behavioural/social and health-facility factors, and feedback arrows from the 

outcome domain to those two domains. These reverse arrows represent changes during the post-

treatment health trajectory before death or censoring; they do not imply that death itself causes 

the preceding exposures. Plausible but incompletely measured factors such as objective 
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pulmonary function, recurrent TB, treatment adherence, mental health and housing conditions 

are shown separately. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Researcher-developed conceptual framework for post-treatment mortality and 

time to mortality 

Note: Solid arrows: Hypothesized pathways to the outcome, Dashed arrows: Relationships among factor 

domains, Double headed arrows: Reciprocal pathways. 

Inter-domain pathways informed by Nadoi et al, (2021), Nightingale et al, (2023), Meghji et al, (2024), 

Karanga et al, (2022) and Leung et al, (2025). 

Smoking and alcohol consumption history were incompletely measured and were not estimable for survi-

vor comparisons. 

 

Demographic and Socio-economic factors 

Age 

Sex 

Highest level of education attained 

Occupation 

Monthly income 

Clinical factors 

HIV status 

Glycemic status 

Nutritional status 

Recorded comorbidities 

Health facility and follow-up factors 

Number of post-treatment follow-up visits 

Access to follow-up care 

Perceived quality of follow-up care 

Perceived long waiting time 

 

Other incompletely measured or 

unmeasured factors 

Objective pulmonary function 

Microbiologically confirmed recurrent TB 

Adherence to ART or diabetes medication 

Mental health 

Housing conditions 

Outcome 

Post-treatment mortality within 

two years 

Time from TB treatment discharge 

to death or censoring 

 
Behavioral and Social factors 

Post treatment social support 

Reported stigma challenge 

Transport cost challenge 

Smoking 

Alcohol consumption 
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CHAPTER FOUR: RESEARCH QUESTIONS AND STUDY OBJECTIVES 

4.1 Research questions 

1. What was the cumulative mortality and crude mortality rate among TB patients within two 

years after treatment discharge at Kawaala and Kiswa Health Centre IVs? 

2. Which measured demographic, socio-economic, clinical and health-facility characteristics 

were potential predictors of mortality within two years after TB treatment discharge? 

3. What was the time-to-death pattern, and which selected patient characteristics were potential 

predictors of time to death within two years after TB treatment discharge? 

4.2 General objective 

To determine mortality and its predictors among TB patients within two years after TB treatment 

discharge at Kawaala and Kiswa Health Centre IVs, Kampala City, Uganda. 

4.3 Specific objectives 

1. To determine the cumulative mortality and crude mortality rate among TB patients within two 

years after treatment discharge at Kawaala and Kiswa Health Centre IVs. 

2. To determine demographic, socio-economic, clinical and health-facility predictors of mortality 

within two years after TB treatment discharge among patients at Kawaala and Kiswa Health 

Centre IVs. 

3. To determine time to mortality and its predictors within two years after TB treatment 

discharge at Kawaala and Kiswa Health Centre IVs.  
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CHAPTER FIVE: METHODOLOGY 

5.1 Study design 

An ambispective cohort design was used. The retrospective component extracted demographic, 

clinical and treatment information from the parent TB–diabetes cohort and facility records. The 

prospective component used telephone follow-up to establish post-treatment vital status and 

selected follow-up experiences; verbal-autopsy interviews with next of kin were conducted for 

confirmed deaths. Participants contributed follow-up for up to 24 months after TB treatment 

discharge. 

5.2 Study setting 

The study was conducted at Kawaala and Kiswa Health Centre IVs in Kampala, Uganda. Both 

facilities were included in the parent TB–diabetes cohort and operated within the Kampala 

Capital City Authority public-health system. Study documentation indicates that the sites 

provided routine TB assessment and treatment, treatment-outcome recording, HIV-related 

services and referral or follow-up functions. Their participation enabled linkage of parent-cohort 

measurements with facility records and post-treatment telephone outcome ascertainment. 

The sites were selected because they hosted the parent cohort and had identifiable TB treatment 

and contact records required for post-treatment follow-up. The supplied documents did not 

contain reliable current comparative notification or mortality statistics for surrounding Health 

Centre IVs; the site justification is therefore based on cohort linkage, service relevance and 

feasibility rather than an unsupported claim that these facilities had the highest burden. 

5.3 Study population 

The source population comprised 284 participants enrolled in the parent TB–diabetes cohort with 

microbiologically confirmed pulmonary TB. The analytic population for this dissertation 

comprised 259 participants who met the eligibility criteria and had sufficient information for 

post-treatment vital-status ascertainment. The analytic outcome classified 10 confirmed deaths 

and 249 participants who survived or were censored. 
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5.4 Eligibility criteria 

5.4.1 Inclusion criteria 

Participants were eligible if they were members of the parent TB–diabetes cohort, had a recorded 

favourable TB treatment outcome and end-of-treatment date within the study period, and had 

sufficient identifying and follow-up information to ascertain post-treatment vital status for 

inclusion in the mortality or survival analysis. 

5.4.2 Exclusion criteria 

Participants were excluded if their records could not be linked reliably to the parent cohort, a 

valid TB treatment-discharge time origin could not be established, died or lost to follow up 

before completion of treatment or post-treatment vital status could not be ascertained sufficiently 

for analysis. The supplied records established that 25 of the parent cohort’s 284 participants were 

excluded and were not in the analytic cohort because they were either dead or loss to follow up 

before end of treatment (Therefore had no established outcome of Cured or completed 

treatment). 

5.5 Sample-size justification 

No separate a priori sample-size formula was applied. The study sought to include the full 

eligible and ascertainable cohort nested within the parent study. Of 284 parent-cohort 

participants, 259 (91.2%) were included in the analytic cohort. This census-type inclusion 

maximized the available information but did not guarantee adequate precision for predictor 

modelling. With only 10 deaths, adjusted estimates were expected to have wide confidence 

intervals and were treated as exploratory. 

5.6 Sampling procedure 

Parent-cohort identifiers were used to enumerate potentially eligible participants. Records were 

linked to TB registers, clinical charts and laboratory or cohort files. Participants with an eligible 

treatment-discharge record were followed through the available record and telephone sources. 

All participants meeting the eligibility and outcome-ascertainment requirements were included; 

no random or systematic subsampling was performed. 
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5.7 Study variables and operational measurement 

The primary outcomes were all-cause mortality within 24 months and time from TB treatment 

discharge to death or censoring. Candidate explanatory variables were selected from the 

researcher-developed conceptual framework and the variables available in the study records. 

Table 5.1 defines the measurements and analysis categories. Where the source documentation 

did not support a numeric threshold, none was introduced. 

Table 5.1 Study variables, operational measurements, analysis categories and data sources 

Variable 
Operational definition/ 

measurement 
Analysis category Source 

Mortality 

status 

Confirmed all-cause death 

within 24 months after TB 

treatment discharge; otherwise 

alive/censored. 

Alive/Dead 

Facility/parent-cohort 

records 

telephone follow-up; next-

of-kin confirmation 

Time to 

death/censori

ng 

Months from the recorded 

treatment-discharge date to 

death or censoring. 

Continuous months; 

interval midpoint 

used when exact 

date unavailable 

Treatment records; follow-

up report; verbal autopsy 

Age 
Age in completed years in the 

parent record. 

Continuous; per 10 

years for crude 

analysis; 

standardized per SD 

in Firth Model A 

Parent TB–DM cohort 

record 

Sex 

Sex recorded in the cohort 

record; spelling/case 

harmonized. 

Female; male 
Parent TB–DM cohort 

record 

Highest level 

of education 

attained 

Highest recorded education 

level. 

None; primary; 

secondary; tertiary 

Parent cohort/facility 

record 
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Occupation Recorded principal occupation. 

Farmer; trader; 

professional; 

unemployed; other 

Parent cohort/facility 

record 

Monthly 

income 

Self-reported monthly income 

category in Uganda shillings. 

<100,000; 100,000–

500,000; >500,000 

Parent cohort/follow-up 

record 

HIV status 
Most recent recorded HIV 

result/status. 

Negative; positive; 

unknown. Unknown 

excluded from HIV 

contrasts/models 

Clinical chart; 

laboratory/parent-cohort 

record 

Diabetes/pre-

diabetes 

Diabetes or pre-diabetes 

classification recorded by the 

parent cohort; thresholds were 

not re-derived in this 

dissertation. 

Dysglycaemia 

(diabetes or pre-

diabetes); neither 

recorded 

Parent TB–DM cohort 

laboratory/clinical record 

Nutritional 

status 

Nutritional/BMI category 

recorded in the parent dataset; 

original numeric thresholds 

were not available in the 

supplied materials. 

Underweight; 

normal; overweight; 

obese. Underweight 

vs not underweight 

in Model B 

Parent cohort/clinical chart 

Other 

comorbidity 

Condition named in the record, 

including chronic lung disease, 

hypertension or malnutrition. 

Recorded; not 

recorded for each 

condition 

Clinical chart/parent-cohort 

record 

Number of 

post-

treatment 

follow-up 

visits 

Number of 

documented/reported post-

treatment visits. 

None, once, twice, 

more than twice, or 

missing as recorded 

Telephone follow-up  

/facility record 

Access to 

post-

treatment 

follow-up 

care 

Participant-reported ease of 

obtaining follow-up care. 
Easy; difficult Telephone follow-up 
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Perceived 

quality of 

post-

treatment 

follow-up 

care 

Participant-reported rating of 

follow-up services. 

Excellent; good; 

fair; poor 
Telephone follow-up 

Perceived 

long waiting 

time 

Whether ‘long waiting times’ 

was selected/reported as a 

follow-up challenge. The 

instrument specified no 

duration threshold. 

Reported; not 

reported 

Telephone follow-up 

structured item 

Transport-

cost 

challenge 

Whether transport costs were 

reported as a follow-up 

challenge. 

Reported; not 

reported 

Telephone follow-up 

structured item 

Reported 

stigma 

challenge 

Whether stigma was reported as 

a follow-up challenge. 

Reported; not 

reported 

Telephone follow-up 

structured item 

Post-

treatment 

social 

support 

Recorded perceived support 

after treatment. 

Weak/none; 

moderate; strong 
Telephone follow-up 

Nutritional 

support 

Whether nutritional support 

during treatment was recorded. 
Yes; no 

Parent cohort/clinical 

record 

Smoking and 

alcohol 

Behavioural history recorded in 

Verbal autopsy for deceased 

participants. 

Not used for 

survivor-versus-

deceased 

association 

estimation because 

comparator data 

were structurally 

absent 

Verbal autopsy 

Note. Categories reproduce the supplied study records. No threshold was added when the source 

instrument or data dictionary did not provide one. 
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Table 5.2 Variables obtained from each data source 

Data source Variables/information obtained 

Parent TB–DM cohort 

records 

Identifier, age, sex, education, occupation, income, HIV, 

glycaemic classification, nutritional status, comorbidities and 

treatment dates/outcomes. 

TB register 
TB diagnosis, treatment course, recorded outcome and treatment-

discharge date. 

Clinical charts 
HIV and comorbidity information, clinical history and treatment 

documentation where available. 

Laboratory records 
HIV and glycaemic-related results/classifications available to the 

parent cohort. 

Telephone post-treatment 

follow-up 

Vital status, last-known-alive information, follow-up visits, 

access, service quality, perceived waiting time, transport cost, 

stigma and support. 

Verbal-autopsy interview  

Next-of-kin confirmation and contextual information for the 10 

deaths, including symptoms, health seeking and reported 

circumstances; not a comparable exposure source for survivors. 

 

5.8 Data-collection procedures 

5.8.1 Records review and linkage 

Structured extraction was used to link parent-cohort information with TB registers, clinical 

charts and laboratory records. The linked file was reviewed for identifier consistency, treatment-

discharge dates, outcome status, range errors, inconsistent category spelling and missingness 

before analysis. 

5.8.2 Telephone follow-up 

Contact information from the parent cohort was used to establish whether participants were alive, 

had died or had incomplete follow-up within 24 months after discharge. For surviving 
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participants, structured items recorded selected experiences of follow-up care. For reported 

deaths, the respondent’s identity and relationship to the participant were verified before the 

verbal-autopsy interview. 

5.8.3 Verbal autopsy 

The verbal-autopsy dataset contained 10 records, one for each confirmed death. A structured 

telephone interview with a next of kin collected symptoms before death, health-seeking behavior, 

known diagnoses, perceived and health-worker-reported causes, and contextual information. The 

information supported confirmation and description of deaths; it was not treated as medically 

certified cause-of-death adjudication. Because smoking, alcohol and other variables were 

collected only for deceased participants, they were not used to calculate comparative crude odds 

ratios. 

5.8.4 Ascertainment of death timing 

Exact dates were used where a reliable date was available from records or family report (verbal 

autopsy with next of kin). When an exact date was unavailable but the interval was known, a 

prespecified interval approximation was used for survival analysis: a death reported within <6 

months was assigned approximately 3 months, and a death reported during 6–12 months was 

assigned approximately 9 months. Participants without a death were right-censored at 24 months 

unless earlier last-known-alive information applied. This convention was used transparently and 

sensitivity to timing imprecision considered in the limitations. 

5.9 Quality assurance and quality control 

Quality procedures supported by the supplied records included use of structured extraction and 

follow-up tools; review of identifiers and linkages across sources; completeness, range and 

internal-consistency checks; harmonization of category spelling and case; review of ambiguous 

outcome information; confirmation of death reports with next of kin; de-identification of the 

analysis file; and restricted data access. The available documentation did not verify independent 

duplicate extraction or double data entry for this dissertation, and these procedures are therefore 

not claimed. 
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5.10 Data management and analysis 

5.10.1 Data management 

Linked data were cleaned and stored in de-identified form. Variable distributions and 

missingness were reviewed before analysis. Variables with no variation were not used to 

estimate associations. Complete-case analysis was used within each model; very small 

‘unknown’ categories were excluded from contrasts where a reliable estimate was not possible. 

5.10.2 Analysis for Objective 1 

Participant characteristics were summarized using means and standard deviations for age and 

frequencies and percentages for categorical variables. Two-year cumulative mortality was the 

number of confirmed deaths divided by 259. The crude mortality rate used the 10 deaths and 503 

person-years of follow-up and was expressed per 1,000 person-years. Deaths were also counted 

in 0–6, 6–12, 12–18 and 18–24-month intervals. 

5.10.3 Analysis for Objective 2 

Each potential predictor was first examined in a crude or univariable model. Because outcome 

cells were sparse and some contained zero deaths, crude odds ratios (CORs) were estimated 

using Firth penalized logistic regression with reference categories stated explicitly. Firth 

regression reduces first-order small-sample bias and yields finite estimates under separation 

(Firth, 1993; Heinze & Schemper, 2002). Effect estimates and 95% confidence intervals were 

prioritized; p-values were secondary. 

Two prespecified parsimonious adjusted Firth models were retained. Model A included age (per 

cohort standard deviation), sex, HIV status and diabetes/pre-diabetes. Model B included HIV 

status, underweight and participant-perceived long waiting time. Adjusted results are reported as 

adjusted odds ratios (AORs) and 95% confidence intervals. The models estimate adjusted 

prognostic relationships rather than causal effects; predictive performance was not evaluated. 

5.10.4 Analysis for Objective 3 

Kaplan–Meier methods estimated overall survival from the treatment-discharge time origin, with 

estimates reported at 0, 6, 12, 18 and 24 months (Kaplan & Meier, 1958). Cox proportional-

hazards regression estimated hazard ratios using the Efron method for tied event times (Cox, 

1972). A univariable Cox model contained one explanatory variable at a time. The full 

exploratory adjusted model included HIV status, diabetes/pre-diabetes, age, sex and income and 
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used N = 256 because three participants had unknown HIV status. A reduced sensitivity model 

included HIV status and diabetes/pre-diabetes only. Income estimates were finite but imprecise. 

Proportional-hazards checks were interpreted descriptively because only 10 deaths occurred. 

5.11 Ethical considerations 

Ethical approval was obtained from the Makerere University School of Public Health Research 

and Ethics Committee. A waiver of written consent applied to anonymized secondary-record 

review. Verbal informed consent was obtained for telephone follow-up and verbal-autopsy 

interviews. The identity and relationship of next of kin were confirmed; emotional readiness was 

considered and interviews could be deferred. No audio recordings were taken. Analysis data 

were de-identified and access was restricted to authorized personnel. 
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CHAPTER SIX: RESULTS 

This chapter reports findings according to the three study objectives: mortality within 24 months, 

predictors of mortality, and time to mortality. The analytic cohort comprised 259 participants, 

including 10 confirmed deaths and 249 survivors or censored participants. 

6.1 Mortality rate and baseline characteristics of participants 

A total of 259 TB patients who were recorded as cured/completed treatment at discharge from 

Kawaala and Kiswa Health Centre IVs were included and followed for up to 24 months. Over 

6,036 person-months of observation (about 503 person-years), 10 deaths were confirmed. This 

gives a crude mortality rate of 19.9 deaths per 1,000 person-years and a cumulative mortality 

proportion of 3.9% within two years (Table 6.1). 

Five deaths occurred during the first six months and five additional deaths occurred between six 

and 12 months. No deaths were observed between 12 and 24 months (Figure 6.1). 

Table 6.1- Key Mortality Indicators 

Metric Value 

Cohort size (N) 259 

Deaths (n) 10 

Alive/Censored (n) 249 

Person-months 6,036 

Person-years 503 

Crude mortality rate (per 1,000 PY) 19.9 

Cumulative mortality proportion (%) 3.9 

Note. Mortality proportion = 10/259. The crude mortality rate used 6,036 person-months 

(approximately 503 person-years) of observed follow-up. 
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Figure 6.1: Distribution of deaths by time interval within 24 months after TB treatment 

discharge 

Note. The bars show five deaths during 0–6 months, five during 6–12 months and none during 

12–24 months. 

6.2 Predictors of mortality within 24 months after discharge 

Table 6.2 presents baseline characteristics by vital status. The mean age was 35.9 years (SD 9.0) 

among survivors or censored participants and 35.3 years (SD 6.0) among those who died. 

The cohort was largely male in both groups (alive: 78.7%; deceased: 90.0%). More than half 

reported a monthly income of UGX 100,000–500,000 (alive: 58.6%; deceased: 70.0%). About a 

quarter of survivors reported < UGX 100,000 (24.1%) compared with 10.0% among those who 

died. A fifth of deaths (20.0%) reported > UGX 500,000 (alive: 17.3%). 

Some variables had no variation by design or setting. All participants were urban residents, all 

had pulmonary TB, and all were discharged as cured/completed treatment. These variables 

therefore could not be assessed as predictors in association models. 
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Among survivors or censored participants, 55 (22.1%) were HIV-positive, 191 (76.7%) were 

HIV-negative and three (1.2%) had unknown status. Among the 10 deaths, five were HIV-

positive and five were HIV-negative. Nutritional-status distributions were broadly similar 

between the two outcome groups (Table 6.2). 

Regarding glycaemic status, pre-diabetes was recorded among 38 survivors and two deaths, 

while diabetes alone was recorded among four survivors and no deaths. The combined 

dysglycaemia category therefore comprised 42 survivors and two deaths. Hypertension, 

malnutrition and chronic lung disease occurred in relatively small numbers (Table 6.2). 

Descriptively, HIV-positive status was recorded for 50.0% of deaths and 22.1% of survivors or 

censored participants. Other baseline distributions are shown without adjusted interpretation in 

Table 6.2. 

Table 6.2: Baseline characteristics of tuberculosis patients discharged after treatment at 

Kawaala and Kiswa Health Centre IVs (N = 259) 

Characteristic Alive Deceased 

 N % / Mean±SD N % / Mean±SD 

Age (years) 249 35.9 ± 9.0 10 35.3 ± 6.0 

Sex: Female 53 21.3% 1 10.0% 

Sex: Male 196 78.7% 9 90.0% 

Income: UGX 

100,000–

500,000 

146 58.6% 7 70.0% 

Income: < 

UGX 100,000 
60 24.1% 1 10.0% 

Income: > 

UGX 500,000 
43 17.3% 2 20.0% 

Residence: 

Urban 
249 100.0% 10 100.0% 

HIV Status: 

Negative 
191 76.7% 5 50.0% 
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HIV Status: 

Positive 
55 22.1% 5 50.0% 

HIV Status: 

Unknown 
3 1.2% 0 0.0% 

Nutritional 

Status: Obese 
12 4.8% 1 10.0% 

Nutritional 

Status: 

Underweight 

48 19.3% 2 20.0% 

Nutritional 

Status: Normal 
137 55.0% 5 50.0% 

Nutritional 

Status: 

Overweight 

52 20.9% 2 20.0% 

TB Type: 

Pulmonary TB 
249 100.0% 10 100.0% 

Treatment 

Outcome: 

Cured 

249 100.0% 10 100.0% 

Comorbidity: 

Pre-diabetes 
38 15.3% 2 20.0% 

Comorbidity: 

Diabetes 
4 1.6% 0 0.0% 

Diabetes/pre-

diabetes 

(combined 

dysglycaemia) 

42 16.9% 2 20.0% 

Comorbidity: 

Hypertension 
13 5.2% 0 0.0% 
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Comorbidity: 

Malnutrition 
49 19.7% 1 10.0% 

Comorbidity: 

Chronic lung 

disease 

19 7.6% 1 10.0% 

Note. Percentages are calculated within each vital-status column. HIV status reflects the final 

verified classification. Diabetes/pre-diabetes (combined dysglycaemia) includes participants 

recorded with either diabetes or pre-diabetes. 

6.2.1 Bivariate analysis 

Table 6.3 presents crude Firth penalised odds ratios (CORs), 95% confidence intervals and p-

values. Firth estimation was used because sparse and zero cells made ordinary logistic estimates 

unreliable. 

The crude odds ratio for HIV-positive versus HIV-negative status was 3.45 (95% CI 1.01–11.76; 

p = 0.048). For diabetes/pre-diabetes versus neither condition, the crude odds ratio was 1.44 

(95% CI 0.33–6.19; p = 0.628). 

Participant-reported long waiting time had a COR of 1.66 (95% CI 0.48–5.74; p = 0.421). 

Transport-cost and stigma challenges had CORs of 0.29 (95% CI 0.05–1.69) and 0.33 (95% CI 

0.06–1.92), respectively. 

Counts, percentages and estimable crude odds ratios for follow-up visits are retained in Table 

6.3. Crude odds ratios were not forced for categories with inadequate support or structurally 

incomplete data. 

Nutritional support during treatment had a COR of 1.96 (95% CI 0.58–6.61; p = 0.279). Age, sex 

and the remaining estimable factors are reported with their confidence intervals in Table 6.3. 
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1. Table 6.3: Bivariate analysis of potential predictors of mortality within 24 months after 

discharge 

Variable Level/contrast 
Alive/censored 

n (%) 

Deaths n 

(%) 
COR 95% CI 

p-

value 

Access to 

post-treatment 

follow-up care 

Difficult 83 (33.3%) 
4 

(40.0%) 
1.38 

0.40–

4.75 
0.609 

Access to 

post-treatment 

follow-up care 

Easy 166 (66.7%) 
6 

(60.0%) 
1.00 — — 

Age 
Per 10-year 

increase 
35.9 ± 9.0 

35.3 ± 

6.0 
0.97 

0.49–

1.93 
0.934 

Alcohol use No 0 (—) 
7 

(70.0%) 

Not 

estimable 
— — 

Alcohol use Yes 0 (—) 
3 

(30.0%) 

Not 

estimable 
— — 

Challenge: 

Long waiting 

times 

Not reported 176 (70.7%) 
6 

(60.0%) 
1.00 — — 

Challenge: 

Long waiting 

times 

Reported 73 (29.3%) 
4 

(40.0%) 
1.66 

0.48–

5.74 
0.421 

Challenge: 

Stigma 
Not reported 169 (67.9%) 

9 

(90.0%) 
1.00 — — 

Challenge: 

Stigma 
Reported 80 (32.1%) 

1 

(10.0%) 
0.33 

0.06–

1.92 
0.218 

Challenge: 

Transport 

costs 

Not reported 162 (65.1%) 
9 

(90.0%) 
1.00 — — 

Challenge: 

Transport 

costs 

Reported 87 (34.9%) 
1 

(10.0%) 
0.29 

0.05–

1.69 
0.170 
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Comorbidity: 

Chronic lung 

disease 

Not recorded 230 (92.4%) 
9 

(90.0%) 
1.00 — — 

Comorbidity: 

Chronic lung 

disease 

Recorded 19 (7.6%) 
1 

(10.0%) 
1.87 

0.30–

11.54 
0.502 

Comorbidity: 

Diabetes 
Not recorded 245 (98.4%) 

10 

(100.0%) 
— — — 

Comorbidity: 

Diabetes 
Recorded 4 (1.6%) 0 (0.0%) — — — 

Comorbidity: 

Hypertension 
Not recorded 236 (94.8%) 

10 

(100.0%) 
1.00 — — 

Comorbidity: 

Hypertension 
Recorded 13 (5.2%) 0 (0.0%) 0.83 

0.04–

16.66 
0.906 

Comorbidity: 

Malnutrition 
Not recorded 200 (80.3%) 

9 

(90.0%) 
1.00 — — 

Comorbidity: 

Malnutrition 
Recorded 49 (19.7%) 

1 

(10.0%) 
0.64 

0.11–

3.74 
0.620 

Comorbidity: 

Pre-diabetes 
Not recorded 211 (84.7%) 

8 

(80.0%) 
— — — 

Comorbidity: 

Pre-diabetes 
Recorded 38 (15.3%) 

2 

(20.0%) 
— — — 

Dysglycaemia 

(combined) 

Neither 

recorded 
207 (83.1%) 

8 

(80.0%) 
1.00 — — 

Dysglycaemia 

(combined) 

Diabetes/pre-

diabetes 
42 (16.9%) 

2 

(20.0%) 
1.44 

0.33–

6.19 
0.628 

Education 

level 
None 19 (7.6%) 0 (0.0%) 1.00 — — 

Education 

level 
Primary 86 (34.5%) 

4 

(40.0%) 
2.03 

0.10–

42.15 
0.648 
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Education 

level 
Secondary 88 (35.3%) 

3 

(30.0%) 
1.54 

0.07–

33.35 
0.782 

Education 

level 
Tertiary 56 (22.5%) 

3 

(30.0%) 
2.42 

0.11–

52.51 
0.574 

Employment 

status 
Farmer 41 (16.5%) 

1 

(10.0%) 
1.00 — — 

Employment 

status 
Other 17 (6.8%) 

1 

(10.0%) 
2.37 

0.22–

25.56 
0.477 

Employment 

status 
Professional 30 (12.0%) 

2 

(20.0%) 
2.27 

0.28–

18.61 
0.446 

Employment 

status 
Trader 101 (40.6%) 

4 

(40.0%) 
1.23 

0.18–

8.22 
0.833 

Employment 

status 
Unemployed 60 (24.1%) 

2 

(20.0%) 
1.14 

0.14–

9.19 
0.900 

Follow-up 

visits after 

discharge 

More than 

twice 
49 (19.7%) 

4 

(40.0%) 
10.45 

0.54–

204.26 
0.122 

Follow-up 

visits after 

discharge 

None 57 (22.9%) 0 (0.0%) 1.00 — — 

Follow-up 

visits after 

discharge 

Once 86 (34.5%) 
3 

(30.0%) 
4.65 

0.23–

94.10 
0.316 

Follow-up 

visits after 

discharge 

Twice 57 (22.9%) 
3 

(30.0%) 
7.00 

0.34–

142.24 
0.205 

HIV status Negative 191 (76.7%) 
5 

(50.0%) 
1.00 — — 

HIV status Positive 55 (22.1%) 
5 

(50.0%) 
3.45 

1.01–

11.76 
0.048 
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HIV status Unknown 3 (1.2%) 0 (0.0%) 
Not 

modelled 
— — 

Income level 
< UGX 

100,000 
60 (24.1%) 

1 

(10.0%) 
1.00 — — 

Income level 
> UGX 

500,000 
43 (17.3%) 

2 

(20.0%) 
2.32 

0.29–

18.56 
0.428 

Income level 

UGX 

100,000–

500,000 

146 (58.6%) 
7 

(70.0%) 
2.06 

0.34–

12.39 
0.428 

Nutritional 

status 
Normal 137 (55.0%) 

5 

(50.0%) 
— — — 

Nutritional 

status 
Obese 12 (4.8%) 

1 

(10.0%) 
— — — 

Nutritional 

status 
Overweight 52 (20.9%) 

2 

(20.0%) 
— — — 

Nutritional 

status 

Underweight 

vs all other 

categories 

48 (19.3%) 
2 

(20.0%) 
1.22 

0.28–

5.24 
0.787 

Nutritional 

support during 

treatment 

No 165 (66.3%) 
5 

(50.0%) 
1.00 — — 

Nutritional 

support during 

treatment 

Yes 84 (33.7%) 
5 

(50.0%) 
1.96 

0.58–

6.61 
0.279 

Quality of 

follow-up 

services 

Excellent 37 (14.9%) 
2 

(20.0%) 
1.00 — — 

Quality of 

follow-up 

services 

Fair 69 (27.7%) 
2 

(20.0%) 
0.54 

0.09–

3.31 
0.505 
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Quality of 

follow-up 

services 

Good 116 (46.6%) 
6 

(60.0%) 
0.84 

0.18–

3.83 
0.818 

Quality of 

follow-up 

services 

Poor 27 (10.8%) 0 (0.0%) 0.27 
0.01–

6.24 
0.416 

Sex Female 53 (21.3%) 
1 

(10.0%) 
1.00 — — 

Sex Male 196 (78.7%) 
9 

(90.0%) 
1.72 

0.30–

10.05 
0.545 

Smoking 

status 
No 0 (—) 

7 

(70.0%) 

Not 

estimable 
— — 

Smoking 

status 
Yes 0 (—) 

3 

(30.0%) 

Not 

estimable 
— — 

Support 

system after 

treatment 

Moderate 104 (41.8%) 
6 

(60.0%) 
1.22 

0.19–

7.76 
0.831 

Support 

system after 

treatment 

Strong 116 (46.6%) 
3 

(30.0%) 
0.59 

0.08–

4.28 
0.602 

Support 

system after 

treatment 

Weak/None 29 (11.6%) 
1 

(10.0%) 
1.00 — — 

Note. COR = crude odds ratio from a separate univariable Firth model. Reference categories are 

shown explicitly. Smoking and alcohol were not estimable because comparable survivor data 

were not available; no odds ratios were assigned. 

6.2.2 Multivariable analysis (Firth penalised logistic regression) 

Firth penalised logistic regression was used for adjusted associations because only 10 deaths 

occurred. Two prespecified parsimonious models are presented in Table 6.4. 
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Model A (core clinical and demographic factors) included age (standardized), sex, HIV status 

and diabetes/pre-diabetes. Adjusted odds ratios (AORs) were 3.34 for HIV-positive status (95% 

CI 0.96–11.64; p = 0.057), 1.38 for diabetes/pre-diabetes (95% CI 0.25–5.43; p = 0.676), 1.73 

for male sex (95% CI 0.39–16.32; p = 0.514), and 0.91 per SD increase in age (95% CI 0.43–

1.68; p = 0.776). 

Model B included HIV status, underweight status and participant-perceived long waiting time. 

Adjusted estimates were 3.37 for HIV-positive status (95% CI 0.97–11.71; p = 0.055), 1.59 for 

perceived long waiting time (95% CI 0.42–5.44; p = 0.474), and 1.20 for underweight (95% CI 

0.22–4.59; p = 0.810). 

All adjusted confidence intervals were wide and included the null value, reflecting the limited 

precision available from 10 deaths. 

Table 6.4: Adjusted analysis of potential predictors of mortality within 24 months (Firth 

penalised logistic regression) 

Model A: Age, Sex, HIV status and Diabetes/Prediabetes 

Variable Adjusted OR 95% CI p-value 

Age, per SD 

increase 

0.91 0.43–1.68 0.776 

Male sex 1.73 0.39–16.32 0.514 

HIV-positive 3.34 0.96–11.64 0.057 

Diabetes/pre-

diabetes 

1.38 0.25–5.43 0.676 

 

Model B: HIV status, underweight status and participant-reported long waiting time. 

Variable Adjusted OR 95% CI p-value 

HIV-positive 3.37 0.97–11.71 0.055 

Underweight 1.20 0.22–4.59 0.810 

Perceived long 

waiting time 

1.59 0.42–5.44 0.474 
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Note. AOR = adjusted odds ratio; CI = confidence interval. Estimates describe adjusted 

associations and are exploratory; they are not interpreted as causal effects. 

Objective 3 was examined using Kaplan–Meier survival estimates and exploratory Cox 

proportional hazards regression. 

6.3 Time to mortality and its predictors 

6.3.1 Overview and analytical approach 

Time zero was the recorded TB treatment discharge/completion date. The event was all-cause 

death confirmed through records and/or next-of-kin follow-up. The verbal-autopsy subset 

contained information only for confirmed deaths and was not a separate comparison cohort. 

Participants without a confirmed death were right-censored at 24 months or earlier last-known-

alive time where applicable. 

Kaplan–Meier survival functions were estimated overall and for the prespecified strata shown 

below. A univariable Cox model evaluated one predictor at a time. The full adjusted Cox model 

included HIV status, diabetes/pre-diabetes, age, sex and income; ties were handled using the 

Efron method. The model used N = 256 after exclusion of three participants with unknown HIV 

status. A reduced sensitivity model included HIV status and diabetes/pre-diabetes only. Because 

only 10 deaths occurred, all Cox estimates are exploratory. 

6.3.2 Kaplan–Meier survival estimates 

6.3.2.1 Overall survival of the study cohort 

The overall KM curve (Figure 6.2) shows survival among all 259 participants over 24 months 

after discharge. The curve drops during the first 12 months, corresponding to the 10 observed 

deaths, and then remains flat through 24 months, reflecting the absence of later deaths. 

Survival was 1.000 at discharge. By six months, survival was 0.981 (95% CI 0.954–0.992) after 

five deaths. By 12 months, survival was 0.961 (95% CI 0.929–0.979) after a total of 10 deaths. 

Survival remained at 0.961 (95% CI 0.929–0.979) at 18 and 24 months. Median survival was not 

reached because more than 96% of participants were alive at the end of follow-up.  

Table 6.5 presents numbers at risk at 0, 6, 12, 18 and 24 months. 
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Table 6.5: Overall survival within 24 months post-discharge (N = 259) 

Time (months) Number at Risk Deaths (cumulative) Survival S(t) 95 % CI 

0 259 0 1.000 — 

6 254 5 0.981 0.954–0.992 

12 249 10 0.961 0.929–0.979 

18 249 10 0.961 0.929–0.979 

24 249 10 0.961 0.929–0.979 

Survivors were right-censored at 24 months; no additional deaths occurred after 12 months. 

The estimated survival probability was unchanged between 12 and 24 months because no 

additional deaths were observed after month 12. 

 

Figure 6.2 Overall Kaplan–Meier survival curve for tuberculosis patients within 24 months 

after treatment discharge. 

Note. Shaded bands represent 95% confidence intervals; survivors were right-censored at 24 

months.  
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6.3.2.2 Survival by HIV status 

Figure 6.3 and Table 6.6 summarize survival by HIV status. Among 60 HIV-positive 

participants, two deaths occurred within the first six months and three during 6–12 months (five 

deaths; 8.3% by one year). Among 196 HIV-negative participants, three deaths occurred within 

six months and two during 6–12 months (five deaths; 2.6%). Three participants with unknown 

HIV status were excluded from this subgroup comparison. 

At six months, survival was 0.967 (95% CI 0.873–0.992) among HIV-positive participants and 

0.985 (95% CI 0.953–0.995) among HIV-negative participants. At 12 months, survival was 

0.917 (95% CI 0.811–0.964) and 0.974 (95% CI 0.940–0.989), respectively; both curves then 

remained unchanged through 24 months. 

The descriptive log-rank comparison gave chi-square = 4.07 (p = 0.044). This nominal result is 

based on only 10 deaths and should be interpreted together with the wide confidence intervals 

and exploratory Cox estimates. 

Table 6.6: Survival probabilities (S (t)) by HIV status 

Note. Three participants with unknown HIV status were excluded. Survivors were right-censored 

at 24 months; no deaths occurred after month 12 

Time 

(months) 

No. at Risk 

(HIV+) 

Deaths 

(cum.) 

S(t) 

HIV+ 
95 % CI 

No. at Risk 

(HIV–) 

Deaths 

(cum.) 

S(t) 

HIV– 
95 % CI 

0 60 0 1.000 — 196 0 1.000 — 

6 58 2 0.967 
0.873–

0.992 
193 3 0.985 

0.953–

0.995 

12 55 5 0.917 
0.811–

0.964 
191 5 0.974 

0.940–

0.989 

18 55 5 0.917 
0.811–

0.964 
191 5 0.974 

0.940–

0.989 

24 55 5 0.917 
0.811–

0.964 
191 5 0.974 

0.940–

0.989 

Notes: No deaths occurred beyond 12 months; median survival not reached. 
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Figure 6.3: Kaplan–Meier survival curves by HIV status within 24 months after TB 

treatment discharge 

Note. Shaded bands represent log–log 95% confidence intervals; Table 6.6 gives numbers at risk. 

6.3.2.3 Survival by diabetes/pre-diabetes status 

Figure 6.4 and Table 6.7 summarize survival by glycaemic status. Among 44 participants with 

diabetes or pre-diabetes, one death occurred within six months and one during 6–12 months (two 

deaths; 4.5%). Among 215 participants with neither condition, four deaths occurred within six 

months and four during 6–12 months (eight deaths; 3.7%). 

At six months, survival was 0.977 (95% CI 0.849–0.997) among participants with diabetes/pre-

diabetes and 0.981 (95% CI 0.951–0.993) among those with neither condition. At 12 months, 

survival was 0.955 (95% CI 0.830–0.988) and 0.963 (95% CI 0.927–0.981), respectively. No 

further deaths occurred after 12 months. 
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Table 6.7: Survival probabilities (S(t)) by diabetes/pre-diabetes status within 24 months 

after TB treatment discharge 

Time 

(months) 

At Risk 

(DM/Pre-

DM) 

Deaths 

(cum.) 

S(t) 

DM/Pre

-DM 

95% 

CI 

At 

Risk 

(Non-

DM) 

Deaths 

(cum.) 

S(t) 

Non-

DM 

95% 

CI 

0 44 0 1.000 — 215 0 1.000 — 

6 43 1 0.977 0.849–

0.997 

211 4 0.981 0.951–

0.993 

12 42 2 0.955 0.830–

0.988 

207 8 0.963 0.927–

0.981 

18 42 2 0.955 0.830–

0.988 

207 8 0.963 0.927–

0.981 

24 42 2 0.955 0.830–

0.988 

207 8 0.963 0.927–

0.981 

Survivors were right-censored at 24 months. All deaths occurred within the first 12 months. 

Survival probabilities and 95% confidence intervals were derived from Kaplan–Meier estimates. 

No deaths occurred after 12 months in either group. 

The log-rank comparison showed little separation between the glycaemic-status curves (chi-

square = 0.067; p = 0.796). Confidence intervals were wide, and the subgroup estimates are 

descriptive. 
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Figure 6.4: Kaplan–Meier survival curves by diabetes/pre-diabetes status within 24 months 

after TB treatment discharge. 

Note. Shaded bands represent group-specific 95% confidence intervals. The curves are 

descriptive; survivors were right-censored at 24 months and Table 6.7 gives numbers at risk. 

6.3.2.4 Survival by Monthly Income Level 

Survival by monthly income is shown in Figure 6.5 and Table 6.8. At enrolment, 61 participants 

(23.6%) reported < UGX 100,000 per month, 153 (59.1%) reported UGX 100,000–500,000, and 

45 (17.4%) reported > UGX 500,000. 

No deaths occurred in the lowest-income group during the first six months. In that same period, 

four deaths occurred among those earning UGX 100,000–500,000 and one death among those 

earning > UGX 500,000. Between six and twelve months, one additional death occurred in the < 

UGX 100,000 group, three in the UGX 100,000–500,000 group, and one in the > UGX 500,000 

group. That produces cumulative deaths of 1, 7 and 2 respectively across the three strata. 



53 
 

At 12 months, survival probabilities were 0.984 (95% CI 0.95–1.00) in the < UGX 100,000 

group, 0.954 (95% CI 0.91–0.98) in the UGX 100,000–500,000 group, and 0.956 (95% CI 0.89–

1.00) in the > UGX 500,000 group. Because no deaths occurred beyond 12 months, S(24) values 

were the same as S(12). Curves overlapped considerably, and the three-group log-rank test was 

chi-square = 1.07 (df = 2; p = 0.587). 

Table 6.8: Survival probabilities S(t) by Monthly Income 

Survivors right-censored at 24 months; all deaths occurred within 12 months. Greenwood 95% 

confidence intervals are shown for 12- and 24-month survival probabilities 

Income 

category 

N Deaths 

<6 mo 

Deaths 

6–12 

mo 

Total 

Deaths 

(≤12 

mo) 

S(12) S(24) 95% CI 

S(12) 

95% CI 

S(24) 

< UGX 

100,000 

61 0 1 1 0.98 0.98 0.95–

1.00 

0.95–1.00 

UGX 

100,000–

500,000 

153 4 3 7 0.95 0.95 0.91–

0.98 

0.91–0.98 

> UGX 

500,000 

45 1 1 2 0.96 0.96 0.89–

1.00 

0.89–1.00 
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Figure 6.5: Kaplan–Meier survival curves stratified by monthly income within 24 months 

after TB treatment discharge 

Shaded bands represent 95% confidence intervals; survivors were right-censored at 24 months. 

No deaths occurred after 12 months in any group. 

6.3.3 Time-to-event analysis (Cox proportional hazards) 

6.3.3.1 Modelling approach 

Cox proportional-hazards regression estimated associations with time to death within 24 months 

after discharge. Time started at discharge, and participants without a recorded death were 

censored at 24 months. The full exploratory adjusted model included HIV status, diabetes/pre-

diabetes, age, sex and income; three participants with unknown HIV status were excluded, giving 

N = 256. A reduced sensitivity model included HIV status and diabetes/pre-diabetes only. Ties 

were handled using the Efron method. Proportional-hazards assumptions were assessed using 

Schoenfeld residuals, recognizing that power was limited by only 10 events. 



55 
 

6.3.3.2 Cox regression results 

Table 6.9: Cox proportional-hazards regression for time to death within 24 months 

Predictor 
Univariable HR 

(95% CI) 
p-value 

Adjusted HR 

(95% CI) 
p-value 

HIV-positive 

vs HIV-

negative 

3.34 (0.97–11.53) 0.057 3.41 (0.98–11.84) 0.054 

Diabetes/pre-

diabetes vs 

neither 

1.23 (0.26–5.77) 0.796 1.12 (0.23–5.54) 0.889 

Age, per 10-

year increase 
0.93 (0.45–1.89) 0.834 0.87 (0.39–1.93) 0.727 

Male vs female 2.41 (0.31–19.04) 0.403 2.35 (0.30–18.65) 0.420 

UGX 100,000–

500,000 vs < 

UGX 100,000 

2.85 (0.35–23.13) 0.328 2.75 (0.33–22.70) 0.347 

> UGX 

500,000 vs < 

UGX 100,000 

2.76 (0.25–30.41) 0.408 2.62 (0.24–29.10) 0.433 

 

In univariable Cox models, HIV-positive status had an HR of 3.34 (95% CI 0.97–11.53; p = 

0.057). Diabetes/pre-diabetes had an HR of 1.23 (95% CI 0.26–5.77; p = 0.796). Both estimates 

were imprecise, and only the HIV estimate showed a clearly elevated direction. 

Age per 10-year increase had an HR of 0.93 (95% CI 0.45–1.89; p = 0.834), while male sex had 

an HR of 2.41 (95% CI 0.31–19.04; p = 0.403). The wide confidence intervals were compatible 

with materially different associations. 

Income estimates were finite but highly imprecise. Compared with < UGX 100,000, the 

univariable HR was 2.85 (95% CI 0.35–23.13; p = 0.328) for UGX 100,000–500,000 and 2.76 

(95% CI 0.25–30.41; p = 0.408) for > UGX 500,000. 
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In the full multivariable model, HIV-positive status had an adjusted HR (AHR) of 3.41 (95% CI 

0.98–11.84; p = 0.054), and diabetes/pre-diabetes had an AHR of 1.12 (95% CI 0.23–5.54; p = 

0.889). The AHR was 0.87 per 10-year age increase (95% CI 0.39–1.93; p = 0.727) and 2.35 for 

male sex (95% CI 0.30–18.65; p = 0.420). 

Adjusted income estimates remained imprecise: AHR 2.75 (95% CI 0.33–22.70; p = 0.347) for 

UGX 100,000–500,000 and AHR 2.62 (95% CI 0.24–29.10; p = 0.433) for > UGX 500,000, 

each compared with < UGX 100,000. No clear independent income association was 

demonstrated. 

In the reduced sensitivity model, the AHR was 3.31 for HIV-positive status (95% CI 0.95–11.48; 

p = 0.059) and 1.15 for diabetes/pre-diabetes (95% CI 0.24–5.42; p = 0.864). Proportional-

hazards diagnostics had limited power with 10 deaths; no gross violation was identified, but all 

estimates remain exploratory. 
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CHAPTER SEVEN: DISCUSSION 

The discussion is organized according to the three study objectives. Although the study identified 

several patterns of potential clinical importance, interpretation should take into account that only 

10 deaths occurred. Consequently, effect estimates and confidence intervals (95%) are given 

greater emphasis than statistical significance alone. 

7.1 Mortality rate within 24 months after TB treatment discharge 

Among the 259 participants, 10 deaths occurred during approximately 503 person-years of 

follow-up. This corresponded to a cumulative mortality of 3.9% and a crude mortality rate of 

19.9 deaths per 1,000 person-years. Five deaths occurred within the first six months and five 

between six and 12 months, while no deaths were recorded during the second year. 

The mortality rate observed in this study is comparable to, although somewhat different from, 

findings reported in other Ugandan cohorts. Lumu et al. (2023), for example, reported an overall 

post-TB mortality rate of 15.42 deaths per 1,000 person-years among people living with HIV. 

Importantly, mortality was highest during the first year after treatment completion and declined 

thereafter. Although their study population consisted entirely of people living with HIV and was 

followed for a longer period, the concentration of mortality early after treatment is similar to the 

pattern observed at Kawaala and Kiswa. 

Baluku et al. (2024) reported a higher post-treatment mortality rate of approximately 28.5 deaths 

per 1,000 person-years among pulmonary TB survivors in rural Uganda and found that the 

median time from cure to death was less than one year. Their higher mortality may partly reflect 

differences in study setting and patient characteristics. Participants were recruited from a tertiary 

hospital where more clinically severe patients may have been treated, whereas the present study 

was conducted in two urban Health Centre IVs. Differences in follow-up duration, clinical 

severity and ascertainment of death also limit direct comparison. 

The current mortality estimate should nevertheless not be considered unimportant simply 

because 96.1% of the cohort survived to 24 months. All participants had already been classified 

as cured or having completed treatment. Deaths occurring after this point demonstrate that 

treatment success does not necessarily mean complete recovery. Romanowski et al. (2019), in a 

systematic review and meta-analysis, found substantially higher long-term mortality among 

people previously treated for TB than among comparison populations. Similar concerns arise 
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from post-TB lung disease. In Uganda, van Kampen et al. (2019) found substantial chronic 

respiratory symptoms and radiological abnormalities among people with previous TB (Lumu et 

al., 2023; Romanowski et al., 2019). 

These findings provide a plausible explanation for continued vulnerability after treatment. 

Pulmonary TB can leave fibrosis, bronchiectasis, loss of lung function and recurrent respiratory 

symptoms even after bacteriological cure. However, the present study measured all-cause 

mortality and did not establish medically certified causes of death. It would therefore be 

inappropriate to attribute the 10 deaths specifically to recurrent TB or post-TB lung disease. 

Overall, the mortality findings support the view that the end of anti-TB treatment should not 

automatically be regarded as the end of clinical risk. Even though mortality was relatively 

modest in absolute terms, its occurrence among successfully treated patients and its 

concentration within the first year are important from a programme perspective. 

7.2 Predictors of post-TB mortality 

The second objective examined clinical, demographic, socio-economic and health-facility 

characteristics as potential predictors of death. Because only 10 deaths occurred, none of the 

adjusted analyses produced sufficiently precise evidence to identify a definitive independent 

predictor and therefore crude and adjusted estimates are interpreted as exploratory associations. 

However, HIV-positive status showed the most consistent positive association across the 

different analytical approaches. 

7.2.1 HIV co-infection 

Five of the 60 HIV-positive participants died compared with five of the 196 HIV-negative 

participants. Thus, although the absolute number of deaths was the same, mortality was 

proportionally higher among people living with HIV. The crude odds ratio was 3.45, while 

adjusted Firth models produced AORs of 3.34 and 3.37. The adjusted Cox model similarly gave 

an AHR of 3.41 (95% CI 0.98–11.84). 

The consistency of this approximately threefold association across several analytical approaches 

is noteworthy, even though the adjusted confidence intervals were wide and crossed one. Similar 

findings have been reported elsewhere. Salindri et al. (2024) found that HIV co-infection was 

associated with substantially increased post-treatment mortality among patients treated for drug-
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resistant TB. More directly relevant to Uganda, Bongomin et al. (2025) also reported 

approximately threefold higher post-treatment mortality associated with HIV. 

Lumu et al. (2023) provide additional insight into this relationship. Among Ugandan TB 

survivors living with HIV, poorer immune status at treatment completion was associated with 

subsequent mortality. This suggests that HIV-positive TB survivors are not a uniform risk group. 

A patient who is virally suppressed with good immune recovery may differ considerably from 

someone with advanced immunosuppression. 

The present study did not include detailed measures such as CD4 count, viral load or ART 

adherence in the adjusted mortality models. Consequently, the observed association cannot be 

attributed to HIV infection alone. Residual immunosuppression, opportunistic infections or other 

comorbidities may partly explain the higher mortality. 

The Kaplan–Meier analysis supports the same interpretation. Twelve-month survival was 0.917 

among HIV-positive participants compared with 0.974 among HIV-negative participants. Taken 

together, the findings suggest that HIV-positive TB survivors deserve particular attention after 

treatment completion, although the magnitude of risk requires confirmation in a larger cohort. 

7.2.2 Diabetes and pre-diabetes 

The analysis showed much less evidence of an association between dysglycaemia and mortality. 

Among 44 participants with diabetes or pre-diabetes, two deaths occurred compared with eight 

among 215 participants with neither condition. The adjusted Firth OR was 1.38 (95% CI 0.25–

5.43), while the Cox model gave an AHR of only 1.12 (95% CI 0.23–5.54). Survival at 12 

months was 0.955 among participants with dysglycaemia and 0.963 among those without, and 

the log-rank comparison was not significant (p = 0.796). 

These findings differ from the well-established association between diabetes and adverse 

outcomes during TB treatment. Huangfu et al., (2019), in a systematic review and meta-analysis, 

found that diabetes increased the risk of death and other unfavourable TB treatment outcomes. 

Post-TB guidance also recognizes metabolic disease as an important comorbidity to assess 

during recovery (Nightingale et al., 2023). However, evidence specifically concerning mortality 

after treatment completion has been less consistent. 
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For example, Houck et al. (2023) found that the association between diabetes and mortality was 

stronger during TB treatment than after treatment. Similarly, Salindri et al. (2024) did not 

identify diabetes or pre-diabetes as significant independent predictors of post-treatment mortality 

after adjustment. The present results are therefore not entirely unexpected. 

Another important consideration is that most participants in the combined dysglycaemia group 

had pre-diabetes rather than established diabetes. Only four survivors had diabetes alone, while 

the remainder of the group largely comprised pre-diabetes. In addition, hyperglycaemia detected 

during active TB may sometimes improve after treatment because acute infection can 

temporarily disturb glucose metabolism (Menon et al., 2020). 

The appropriate interpretation is therefore that dysglycaemia remained clinically relevant but 

was not clearly associated with mortality in this cohort. Continued screening and management 

are still justified because persistent diabetes carries important cardiovascular, renal and 

infectious risks, but the current findings do not describe it as a confirmed mortality predictor. 

7.2.3 Demographic and socio-economic factors 

Age showed little difference between those who survived and those who died. Mean age was 

35.9 years among survivors and 35.3 years among those who died. The adjusted Cox estimate 

also showed no clear association. This differs from larger studies such as Choi et al. (2023), 

where older age was strongly associated with mortality among TB survivors. The relatively 

young age of the current cohort and the small number of deaths probably limited the ability to 

detect an age-related gradient. 

Nine of the 10 deaths occurred among men, and the adjusted Cox estimate for male sex was 

above two. However, men also constituted nearly four-fifths of the cohort and the confidence 

interval was extremely wide. Therefore, the study cannot conclude that male sex was 

independently associated with mortality. Larger studies have reported higher post-TB mortality 

among men, potentially reflecting smoking, alcohol use, occupational exposure, comorbidity and 

differences in healthcare utilization (Choi et al., 2023). 

Monthly income also showed no clear pattern. Survival probabilities were similar across the 

three income groups, and the log-rank test was not statistically significant. This differs from 

Baluku et al. (2024), who reported unemployment as an important predictor of post-TB mortality 
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in rural Uganda. However, employment and income capture different aspects of socio-economic 

position. A single income category may not adequately represent food insecurity, household 

assets, debt or loss of livelihood following TB. 

The wider literature is clear that poverty, food insecurity, unstable work, and housing conditions 

shape TB trajectories and recovery. Nidoi et al. (2021) showed socio-economic factors were 

strongly linked to unfavourable TB treatment outcomes in north-eastern Uganda, and Wingfield 

et al. (2017) demonstrated that socio-economic support can improve TB outcomes by reducing 

catastrophic costs. The absence of significant associations in the present study therefore should 

not be taken to mean that socio-economic circumstances are irrelevant. Rather, the available 

measures and small number of deaths did not allow a reliable independent socio-economic effect 

to be demonstrated. 

7.2.4 Health-facility and follow-up factors 

Participant-perceived long waiting time had a positive adjusted association with mortality-AOR 

of 1.59 (95% CI 0.42–5.44). Although this direction suggested higher mortality among those 

reporting long waits, the estimate was imprecise. The measure was also subjective; the 

questionnaire recorded whether participants perceived waiting times to be long but did not 

specify a numerical threshold. However, Qualitative work from Uganda and other African 

settings has consistently identified long queues and prolonged waiting times as major deterrents 

to engagement in chronic care. (Romanowski et al., 2023)  

The number of follow-up visits produced apparently large crude odds ratios, particularly among 

those attending more than twice. This should not be interpreted as evidence that follow-up visits 

increased mortality. Patients who became ill after treatment were more likely to return to health 

facilities repeatedly, meaning that increased utilization may have been a consequence of 

deteriorating health rather than its cause. 

This interpretation is supported by qualitative post-TB research. Meghji et al. (2024) found that 

patients with ongoing respiratory symptoms after TB treatment often needed repeated contact 

with health services, while both patients and providers experienced uncertainty regarding the 

appropriate pathway for post-TB care. The key issue is therefore not simply the number of visits, 

but whether follow-up is timely, purposeful and linked to appropriate investigation and 

treatment. 
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Transport costs, stigma, access to care and perceived quality of follow-up also failed to produce 

clear mortality associations. Given the very small number of deaths in some categories, 

seemingly protective or harmful point estimates should be treated cautiously. Future studies 

would benefit from more detailed measurement of health-service use, including reason for 

attendance, actual waiting time, referral completion and clinical findings. 

7.2.5 Nutritional and behavioural factors 

Underweight status was not clearly associated with mortality; the adjusted OR was 1.20 with a 

wide confidence interval. This does not necessarily mean that nutrition is unimportant. Chakhaia 

et al. (2025) found that failure to gain weight during TB treatment was strongly associated with 

subsequent mortality among patients with drug-resistant TB. This suggests that change in 

nutritional status over time may be more informative than one BMI measurement. 

Similarly, nutritional support had a crude OR above one, but this should not be interpreted as 

harmful. Patients receiving nutritional assistance may have been those who were already more 

vulnerable or undernourished. 

Smoking and alcohol could not be evaluated adequately because comparable exposure data were 

unavailable for survivors. The absence of estimable odds ratios is therefore a data limitation 

rather than evidence of no association. However, larger studies have reported increased long-

term health outcomes and mortality among TB survivors with heavy smoking or harmful alcohol 

use(Choi et al., 2023; Imtiaz et al., 2017; Nightingale et al., 2023). 

7.3 Time-to-event findings 

7.3.1 Concentration of mortality within the first year 

The Kaplan–Meier analysis showed a clear decline in survival during the first year. Overall 

survival decreased from 1.000 at treatment discharge to 0.981 at six months and 0.961 at 12 

months, remaining unchanged thereafter. 

This timing is consistent with other Ugandan research. Lumu et al. (2023) observed their highest 

post-treatment mortality rate during the first year, followed by declining mortality thereafter. 

Similarly another study reported a median time from TB cure to death of less than nine months 

(Baluku et al., 2024). Same early concentration of risk has been reported in other post-TB 
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cohorts, although excess mortality may persist beyond the initial period (Romanowski et al., 

2019; Wang et al., 2025). 

These findings suggest that the period soon after treatment completion is an important transition 

in TB care. Some patients may still be recovering from pulmonary damage, nutritional depletion 

or other illnesses even after anti-TB treatment has ended. Post-TB lung disease provides one 

possible pathway, particularly since persistent respiratory abnormalities after TB have also been 

demonstrated in Uganda (van Kampen et al., 2019). Also the socio-economic consequences may 

additionally constrain nutrition and timely care (Allwood et al., 2021; Atkins et al., 2022; 

Nightingale et al., 2023). 

Nevertheless, the absence of deaths after 12 months should not be interpreted as evidence that 

mortality risk becomes zero after one year. The cohort experienced only 10 deaths. Larger 

studies have documented continuing excess mortality several years after treatment completion 

(Romanowski et al., 2019). The current study can therefore conclude that all observed deaths 

were concentrated in the first year, but not that post-TB risk disappears thereafter. 

7.3.2 Survival according to HIV and dysglycaemia 

HIV status produced a visible difference in survival. By 12 months, survival was 91.7% among 

HIV-positive participants compared with 97.4% among HIV-negative participants. This 

difference is consistent with the approximately threefold effect estimates seen in the regression 

analyses and with other post-treatment studies showing increased mortality among people living 

with HIV (Lumu et al., 2023; Salindri et al., 2024). 

In contrast, the dysglycaemia survival curves were very close together. Twelve-month survival 

was 95.5% among those with diabetes/pre-diabetes and 96.3% among those without. This 

supports the regression findings (log-rank test was inconclusive (p = 0.796) and reinforces the 

conclusion that dysglycaemia was not clearly associated with post-treatment mortality in this 

cohort. Therefore, biological plausibility and evidence from treatment-period studies do not 

establish a post-treatment mortality effect in these sparse data (Huangfu et al., 2019) 

7.3.3 Cox proportional-hazards analysis 

The full Cox model produced an elevated but imprecise AHR of 3.41(95% CI 0.98–11.84) for 

HIV-positive status, compared with 1.12 (95% CI 0.23–5.54) for dysglycaemia. Age, sex and 
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income were also estimated imprecisely with wide confidence intervals. A reduced model 

containing only HIV and dysglycaemia produced almost the same findings, with an AHR of 3.31 

for HIV and 1.15 for dysglycaemia. 

The similarity between the full and reduced models gives some reassurance that the positive HIV 

association was not produced solely by the choice of covariates. Nevertheless, only 10 events 

were available, which is insufficient for precise multivariable modelling. Consequently, the Cox 

estimates should remain explicitly described as exploratory. 

This is also why confidence intervals are more informative than isolated point estimates. For 

example, an AHR of 2.35 for male sex might appear substantial, but the associated confidence 

interval was 0.30–18.65. Such a wide interval does not permit a reliable conclusion about either 

the direction or magnitude of the independent association. 

The modelling therefore identifies HIV status as the clearest candidate for further study but does 

not establish a validated prediction rule. Dysglycaemia did not show a clear association in the 

corrected analysis, although appropriate metabolic care remains important on clinical grounds 

(Huangfu et al., 2019; Lumu et al., 2023). 

7.4 Implications of the findings 

Taken together, the findings from all three objectives have implications for clinical practice, 

programme planning and policy. 

The findings suggest that successful TB treatment should be followed by greater attention to the 

patient's continuing health needs, particularly during the first year. They do not provide evidence 

for a specific post-TB clinic schedule, but they indicate that treatment completion may be an 

appropriate point for assessing unresolved symptoms, comorbidities and linkage to continuing 

care. 

HIV-positive TB survivors appear to be the group most clearly deserving closer attention. 

Ensuring continuity of ART, appropriate review of HIV control and prompt investigation of new 

symptoms could be incorporated into existing HIV services rather than creating a completely 

separate programme. 
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For diabetes and pre-diabetes, the implication is somewhat different. Although dysglycaemia did 

not show a clear mortality association in this study, patients with persistent abnormal glucose 

levels still require appropriate NCD care. Repeat assessment may also help distinguish persistent 

diabetes from transient hyperglycaemia associated with active TB (Menon et al., 2020). 

The concentration of deaths within the first year supports evaluating more structured post-

treatment follow-up during this period. Migliori et al. (2021) recommend assessment for 

persistent symptoms, functional impairment and post-TB lung disease after treatment 

completion. In Uganda, such approaches should be integrated with existing TB, HIV and NCD 

services rather than introduced without consideration of staff workload and available resources. 

Health-facility and service organization is equally important. Karanja et al. (2022) found that 

stakeholders in African settings considered limited staff, funding and unclear responsibility 

important barriers to post-TB care. For Kawaala and Kiswa, practical measures such as clearer 

referral pathways, appropriate triage and review of patient waiting experience may therefore be 

more realistic starting points than creating a new stand-alone service. 

7.5 Strengths and limitations 

7.5.1 Strengths 

The main strength of this study is that it specifically examined mortality after successful TB 

treatment, a period that is often absent from routine programme indicators. The use of multiple 

outcome sources including, facility information and next-of-kin follow-up improved 

ascertainment of post-treatment vital status. The study also used Firth regression to address 

sparse outcome cells and complemented this with Kaplan–Meier and Cox methods. Finally, the 

analysis was guided by a conceptual framework that considered biological, socio-economic, 

behavioral, and health-facility determinants rather than focusing on only one domain 

7.5.2 Limitations 

Several limitations remain:  

The principal limitation is the small number of deaths (n = 10)-this restricted statistical power 

and produced wide confidence intervals, particularly in multivariable models (limited the number 

of variables that could be estimated reliably). The full Cox model should therefore be regarded as 

exploratory rather than predictive. 
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A further limitation concerns the precision of death timing. Exact dates were not available for all 

deaths, and interval reports (<6 months and 6–12 months) were represented by approximate 

midpoints for survival analysis. This may affect Cox estimates, although it does not alter the 

finding that all 10 deaths occurred during the first year. 

The study measured all-cause mortality and could not reliably assign medical causes of death.  In 

addition, detailed markers of HIV disease control such as CD4 count, viral load and ART 

adherence were not included in the mortality models. Dysglycaemia combined diabetes and pre-

diabetes, with relatively few participants having established diabetes alone. 

Some socio-economic and health-facility variables were measured broadly, while smoking and 

alcohol could not be compared adequately between survivors and those who died.  

Perceived long waiting time also lacked a numeric threshold, limiting comparability and 

introducing possible subjective measurement error 

Selection bias is possible because eligibility was restricted to participants enrolled in the parent 

TB–DM cohort who successfully completed treatment and had ascertainable post-treatment vital 

status. Included participants may differ from patients who were not enrolled, did not complete 

treatment, or could not be traced. If excluded or unascertained participants had greater mortality, 

the study may underestimate risk; if they were healthier or more mobile, the direction could 

differ. These restrictions also limit generalizability beyond the two urban facilities 

Despite these limitations, the study provides useful facility-level evidence that mortality 

continues after successful TB treatment and that the first year after discharge appears to be the 

most vulnerable period in this cohort, with HIV showing the most consistent association with 

mortality. 
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CHAPTER EIGHT: CONCLUSIONS AND RECOMMENDATIONS 

8.0 Conclusions 

8.1 Conclusions by study objective 

1. Objective 1: Among 259 participants, 10 deaths occurred during 6,036 person-months 

(approximately 503 person-years). Two-year cumulative mortality was 3.9%, and the crude 

mortality rate was 19.9 deaths per 1,000 person-years. Five deaths occurred during 0–6 

months and five during 6–12 months; none occurred during 12–24 months. 

2. Objective 2: HIV-positive status was the strongest potential predictor of mortality in the 

adjusted models (AORs 3.34 and 3.37), but the confidence intervals were wide and included 

the null. Dysglycaemia, underweight and perceived long waiting time also did not show 

precise adjusted effects. With only 10 deaths, no measured characteristic could be confirmed 

as an independent predictor; the estimates should be regarded as exploratory prognostic 

evidence. 

3. Objective 3: Overall survival fell to 0.981 at six months and 0.961 at 12 months, remaining at 

0.961 through 24 months. HIV-positive status was the strongest potential predictor of 

shorter time to death in the Cox model (AHR 3.41, 95% CI 0.98–11.84), whereas 

dysglycaemia showed no clear prognostic relationship (AHR 1.12, 95% CI 0.23–5.54). 

These estimates were imprecise, so the most robust finding was the timing pattern: all 

observed deaths occurred within the first year after treatment discharge. 

8.2 Recommendations 

8.2.1 First-year post-TB follow-up 

Kawaala and Kiswa Health Centre IVs should consider structured post-TB follow-up during the 

first 12 months after treatment completion, because all 10 observed deaths in this study occurred 

during this period. The follow-up should focus on maintaining contact with patients and 

identifying those who become unwell after treatment completion. 

8.2.2 Continuity of HIV care 

HIV-positive TB survivors should receive particular attention to continuity of HIV care after TB 

treatment completion. HIV-positive status consistently showed the strongest elevated mortality 

estimates across the crude, adjusted Firth and Cox analyses. Because the adjusted confidence 
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intervals were wide and included the null, this should be interpreted as a group warranting closer 

attention rather than as a definitively proven high-risk group. 

8.2.3 Post-TB mortality surveillance 

Kawaala and Kiswa Health Centre IVs should consider routine monitoring of post-TB vital 

status beyond treatment completion, particularly during the first 12 months. The observed two-

year cumulative mortality of 3.9% and crude mortality rate of 19.9 deaths per 1,000 person-

years, with all deaths occurring within the first year, demonstrate a post-treatment mortality 

burden that is not captured by treatment-outcome indicators alone. 

8.2.4 Future research 

Larger multicentre prospective studies should be conducted to confirm predictors of post-TB 

mortality and improve the precision and generalizability of the estimates. Future studies should 

recruit larger cohorts from multiple settings, record exact event dates where possible, and collect 

detailed HIV markers such as CD4 count, viral load and ART adherence, which were unavailable 

in the present mortality models. 
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