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ABSTRACT
Objectives  While tuberculosis (TB) is associated with 
increased depressive symptoms, the long-term mental 
health trajectory post-diagnosis in low-resource settings 
remains poorly understood. This study investigated the 
longitudinal progression of depressive symptoms among 
individuals diagnosed with TB and evaluated whether 
symptom severity persisted or attenuated over time.
Design  Health and Aging in Africa: A Longitudinal Study of 
an INDEPTH Community in South Africa. Population-based 
cohort study.
Setting  Rural Agincourt subdistrict, Mpumalanga 
province, South Africa, a high-TB-burden, resource-
constrained region.
Participants  Adults aged 40 years and older who were 
permanent residents of the Agincourt subdistrict (N=5059 
at baseline).
Outcome measures  Depressive symptoms were 
assessed using the Centre for Epidemiologic Studies 
Depression Scale (CES-D) 8 (Wave 1) and CES-D 20 
(Wave 2), with standardised scores enabling cross-wave 
comparisons. TB diagnosis status (self-reported) was 
categorised as recently diagnosed, previously diagnosed or 
never diagnosed.
Results  At baseline, HIV prevalence was significantly 
higher (p<0.001) among those recently diagnosed (37.0%) 
and previously diagnosed (26.9%) compared with those 
never diagnosed (10.2%). Individuals recently diagnosed 
with TB had significantly higher standardised CES-D 
scores (unadjusted β=0.32, 95% CI 0.15 to 0.50, p<0.001) 
compared with those never diagnosed, a finding that 
remained robust after adjusting for socio-demographic and 
health covariates (β=0.31, 95% CI 0.14 to 0.49, p<0.001). 
The odds of moderate depressive symptoms (OR=1.70, 
95% CI 1.22 to 2.36, p<0.001) and severe depressive 
symptoms (OR=1.77, 95% CI 1.23 to 2.55, p<0.001) 
were significantly elevated. By Wave 2 (4-year follow-
up), individuals with a recent TB diagnosis remained at a 
significantly higher risk of severe depression (OR=1.52, 
95% CI 1.05 to 2.22, p<0.05).
Conclusions  A recent TB diagnosis is strongly associated 
with depressive symptoms at baseline, and with the 
persistence of severe depressive symptoms 4 years later. 
These results were robust to a number of sensitivity tests 
and do not seem to be driven by differences in healthcare 

utilisation. Integrating mental health support into TB care 
programmes at all phases of diagnosis and treatment, 
particularly in low-resource settings, may have significant 
benefits.

INTRODUCTION
Tuberculosis (TB) remains a major global 
health challenge.1 2 Despite some success in 
incidence reduction,3 South Africa continues 
to have one of the highest TB burdens glob-
ally,1 3 4 with an estimated incidence of 270 000 
cases, and 55 545 deaths attributed to TB in 
2023.3 TB disproportionately affects those of 
lower socio-economic status,5–7 exacerbating 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study uses data from the Health and Aging 
in Africa: A Longitudinal Study of an INDEPTH 
Community cohort, a well-characterised, 
population-based dataset spanning multiple years, 
enabling a detailed examination of the temporal re-
lationship between tuberculosis (TB) diagnosis and 
mental health outcomes in a high-burden, resource-
constrained setting.

	⇒ The categorisation of participants into recently diag-
nosed, previously diagnosed and never diagnosed 
TB groups provides a methodological framework for 
examining the trajectory of mental health impacts 
following tuberculosis diagnosis.

	⇒ Depressive symptoms were measured using the 
Centre for Epidemiologic Studies Depression Scale, 
a validated psychometric instrument, with stan-
dardised scores ensuring comparability between 
waves.

	⇒ The study’s multivariable regression models adjust-
ed for a comprehensive range of socio-demographic, 
socioeconomic and health-related covariates.

	⇒ A limitation of the study is its reliance on self-
reported TB diagnosis, though the observed patterns 
align with national TB-HIV coinfection data and sen-
sitivity analyses suggest our main estimates may be 
conservative.
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health inequalities.2 Older adults have been identified as 
an at-risk group for TB,4 6 as well as TB-HIV coinfection, 
particularly in rural areas.4 Approximately 54% of South 
Africans diagnosed with TB in 2023 were also living with 
HIV.3

Depressive symptoms are common among individuals 
with TB, with prevalence estimates ranging from 40% 
to 70%, particularly in low-resource settings.8–10 Depres-
sion is associated with reduced treatment adherence and 
poorer clinical outcomes,10–12 with affected individuals 
having higher odds of treatment default or mortality.13 
This is a particular concern given the emergence of drug-
resistant TB strains.2 Integrating mental health support 
into TB care may improve outcomes in resource-limited 
settings.2 5 9 12 14

The relationship between TB and depression is influ-
enced by multiple shared risk factors, including poverty,7 
stigma9 and comorbidities such as HIV, diabetes and 
malnutrition.3 12 15–19 HIV co-infection particularly compli-
cates this relationship by increasing TB susceptibility2 
and requiring more complex treatment regimens,1 3 11 
while being associated with higher mortality rates.1 3 15 
Although both mental health treatment20–22 and socio-
economic interventions23 show promise in improving TB 
outcomes, longitudinal evidence examining these inter-
actions remains limited.9 12

This study examines the temporal relationship 
between TB diagnosis and depressive symptoms using a 
population-based cohort study of older adults, conducted 
in the Agincourt subdistrict of Mpumalanga province, 
South Africa.24 Older adults in South Africa and in this 
cohort in particular experience a high burden of depres-
sion, which is strongly correlated with multimorbidity, 
poverty and HIV co-infection.19 24–31 However, the asso-
ciation between mental health and receiving a diagnosis 
of TB is not well understood in this demographic. This 
longitudinal study analysed two waves of data (collected 
in 2014–2015 and 2018–2019) to assess the immediate 
psychological burden associated with TB diagnosis and 
whether these associations persist over time, comparing 
individuals with recent, past and no TB diagnoses in a 
low-resource setting.

METHODS
Study design and setting
Our cohort data is from the Health and Aging in Africa: A 
Longitudinal Study of an INDEPTH Community in South 
Africa (HAALSI),32 which took place in a rural South 
African municipality, close to the border with Mozam-
bique. The Agincourt Health and Socio-Demographic 
Surveillance System (HDSS), a node of the South African 
Population Research Infrastructure Network, has moni-
tored this rural population continuously since 1992.24 
In 2014–2015, a first wave of interview and biomarker 
data for the HAALSI study were collected from a sample 
of men and women aged 40 and older in Agincourt. 
Two additional waves of data collection took place in 

2018–2019 and 2021. The study setting is characterised 
by a high burden of both communicable diseases, partic-
ularly HIV–TB co-infection33 and non-communicable 
conditions including depression,25 with many health 
challenges exacerbated by socio-economic disadvan-
tage.30 The HAALSI cohort’s longitudinal design, 
comprehensive health measures and large sample size 
provide valuable data for investigating the relationship 
between chronic disease conditions in an ageing rural 
population,24 including both physical and mental health 
outcomes.34 More details of the HAALSI protocol have 
been published previously.24 33 35

Data source and participants
Data were drawn from Wave 1 (2014–2015) (n=5059) 
and Wave 2 (2018–2019) (n=4176) of the HAALSI study, 
with Wave 3 (2021) (n=3707) used for sensitivity anal-
yses. Participants were adults aged 40 years or older, who 
were permanent residents of the Agincourt subdistrict.24 
Written informed consent was obtained from partici-
pants.24 For this analysis, individuals were classified by 
self-reported TB diagnosis at baseline as: never diagnosed 
(reference category), recently diagnosed (within the past 
year) or previously diagnosed (more than 1 year before 
baseline).

Data collection
Data were collected by trained fieldworkers using 
computer-assisted personal interviews in the local 
Xitsonga language.24 These interviews captured socio-
demographic, economic and health information, 
including self-reported conditions, clinical assessments, 
physical performance measures, point-of-care biomarkers 
and dried blood spot collection for HIV testing.35

Patient and public involvement
Patients and the public were not directly involved in 
this specific analysis regarding study design, outcome 
measure selection, recruitment or dissemination plan-
ning. However, the original HAALSI study from which 
these data were derived incorporated substantial commu-
nity engagement through the Agincourt HDSS. This 
included consultation with local community leaders and 
residents during the initial study design phase, ongoing 
feedback sessions throughout data collection and regular 
community meetings to discuss study findings and their 
implications for the local population. The research ques-
tions and data collection methods of the parent HAALSI 
study were informed by community priorities identified 
through these engagement processes.

Measures
Depressive symptoms: The primary outcome in this study 
was depressive symptoms, which were assessed using 
the Centre for Epidemiologic Studies Depression Scale 
(CES-D).36 The CES-D scale is a validated psychometric 
instrument that measures depressive symptoms by asking 
respondents to report how frequently they experienced 
specific symptoms during the past week. In Wave 1, 
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participants completed the 8-item version of the CES-D 
(CES-D 8), with symptom frequency indicated by an 
answer of ‘Yes’ or ‘No’ for whether they experienced each 
depressive symptom during the past week. Each affirma-
tive response was scored as 1, yielding a sum total score 
range from 0 to 8.28 This format was consistent with other 
Health and Retirement Study surveys at the time.29 37 In 
Waves 2 and 3, participants completed the 20-item CES-D 
(CES-D 20). Each item was scored on a Likert scale based 
on symptom frequency in the past week as follows: 0 (0 
days), 1 (1–2 days), 2 (3–4 days) or 3 (5–7 days), yielding 
a total summed score range from 0 to 60. The CES-D 20 
measures multiple dimensions of depressive symptom-
atology, including negative affect (feelings of sadness and 
hopelessness), positive affect (feeling happy or hopeful), 
somatic problems (sleep disturbances and fatigue) and 
interpersonal difficulties.38 Items assessing positive affect 
were reverse scored to ensure consistent interpretation. 
Higher CES-D scores indicate a greater burden of depres-
sive symptomatology, and previously published thresholds 
are used to indicate respondents potentially experiencing 
clinically relevant depressive symptoms.36

To ensure comparability of depressive symptom 
measures across waves, the Wave 1 CES-D 8 (binary yes/
no frequency of symptom responses, with a score range of 
0–8) and Wave 2 CES-D 20 (4-point Likert scale frequency 
of symptom responses, with a score range of 0–60) scores 
were standardised into z-scores, using wave-specific 
means and SD. In addition, to support clinically mean-
ingful categorisation, we also used thresholds of CES-D 
8≥2 or CES-D 20≥16 to obtain binary indicators of the 
likely presence of mild-to-moderate depressive symptoms, 
and CES-D 8≥3 or CES-D 20≥20 for severe depressive 
symptoms.39 40 These thresholds are consistent with prior 
studies in ageing populations,41 42 and have been used in 
other studies of the HAALSI cohort.29 30

The CES-D has demonstrated strong psychometric 
properties36 in diverse populations, including older 
adults37–40 43–47 and across different languages.48 49 The 
binary CES-D 8 has demonstrated effectiveness in identi-
fying moderate-to-severe depressive symptoms in ageing 
populations,41 45 while the CES-D 20 has shown high 
criterion and predictive validity against other depression 
scales like the Geriatric Depression Scale.50 Short forms 
of the 4-answer item CES-D, such as the CES-D 10, have 
also demonstrated good construct validity and internal 
consistency in older adults.39 44 46 47 49 While the CES-D 
20 captures multiple dimensions of depressive symp-
tomatology,36 the binary CES-D 8 may underestimate 
symptom severity due to its limited response options and 
fewer items.41 45

Baseline TB diagnosis status: Self-report TB diagnosis 
was ascertained in Wave 1 using two questions: ‘Have you 
ever been told by a doctor, nurse or other healthcare 
worker that you have TB?’, and if the response was yes, 
‘Have you been newly diagnosed with TB in the last 12 
months?’. Responses were used to classify participants as 
never diagnosed, recently diagnosed (within 1-year prior 

to baseline) or previously diagnosed (diagnosis more 
than 1 year before baseline). While later waves of HAALSI 
data collection allowed participants to revise their TB 
diagnosis history, we used Wave 1 reports of new TB diag-
nosis as these best captured participants’ understanding 
of their diagnostic status at the time of symptom assess-
ment (see online supplemental material S.1).

Covariates: analyses were adjusted for a range of demo-
graphic characteristics (age, gender, marital status), 
socio-economic measures (educational attainment, 
employment status, a Wealth Index derived via principal 
component analysis from household asset ownership) 
and health-related measures (self-reported HIV status, 
smoking, alcohol consumption and a history of working 
in mining). These covariates were selected based on their 
established relationships with both TB and depression 
in the literature, and the availability of data. To avoid 
potential over-control bias, these controls are not initially 
updated in the Wave 2 analysis, as they may be affected by 
baseline TB diagnosis. Self-rated health and healthcare 
utilisation data were excluded from the primary models 
to avoid post-treatment bias, as they may be consequences 
of TB diagnosis. However, they were included in sensi-
tivity analyses to assess whether their exclusion changed 
the observed relationships. Similarly, baseline (Wave 1) 
mental health scores were not included in the main spec-
ification, to preserve a direct assessment of baseline asso-
ciations, but were introduced in sensitivity checks.

Statistical analysis
All analyses were performed using Stata V.18.0 (StataCorp, 
College Station, Texas, USA). The analysis sample 
comprised 4876 participants, including 173 recently 
diagnosed and 273 previously diagnosed TB cases. To 
maintain clear temporal sequencing between exposure 
and outcome, we excluded participants who received TB 
diagnoses during follow-up. Wave 1 analyses included all 
participants with available baseline data, while Wave 2 
analyses used a balanced panel of participants with data 
from both waves. The sample provided sufficient cases in 
each diagnosis category to examine differences in depres-
sive symptoms. We did not conduct post hoc power calcu-
lations, as these can be misleading when effect sizes are 
unknown a priori.51

We compared characteristics across three TB diagnostic 
categories: never diagnosed, recently diagnosed and 
previously diagnosed. We tested for unadjusted group 
differences in both baseline characteristics and depres-
sive symptomatology by diagnosis category (using raw 
and standardised CES-D scores, and binary indicators for 
moderate and severe symptoms) at both waves. For contin-
uous and ordinal variables, we used the Kruskal-Wallis 
test, a non-parametric method suitable for comparing 
multiple independent groups without assuming normal 
distribution. For categorical variables, we used Fisher’s 
exact test, which is appropriate for small or imbalanced 
sample sizes.

https://dx.doi.org/10.1136/bmjopen-2025-102839
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Our continuous variables were not normally distrib-
uted (confirmed by Shapiro-Wilk test and visual inspec-
tion). Therefore, we summarised continuous variables 
using medians and IQRs, and categorical variables using 
frequencies and percentages. To visualise the distribu-
tion of depressive symptoms, we generated kernel density 
plots of standardised CES-D scores by TB diagnosis status 
across waves.

In addition, we used multivariable analysis to assess 
the association between TB diagnosis status and depres-
sive symptoms, adjusting for the relevant baseline char-
acteristics which are expected to be correlated with 
both mental health and TB diagnosis, some of which 
are shared risk factors. We analysed standardised CES-D 
scores using ordinary least squares regression and binary 
outcomes (moderate and severe depressive symptoms) 
using logistic regression. All models adjusted for multiple 
covariates, with TB diagnosis status as the primary inde-
pendent variable (using ‘never diagnosed’ as reference). 
We report coefficients (β) with 95% CIs for linear models 
and OR with 95% CI for logistic models, using robust SEs. 
Only complete cases were included in the multivariable 
regression models. Multicollinearity was assessed in the 
ordinary least squares estimates using variance inflation 
factor (VIF) tests, with generalised VIF (GVIF) used for 
categorical predictors. All models showed VIF/GVIF <5. 
This study is observational and uses secondary data, and 
our findings are interpreted as associations rather than 
causal inferences.

We conducted four categories of sensitivity analyses: 
(1) specification tests incorporating additional covariates 
(anthropometric measures which were only available for 
a portion of the sample, subjective health and health-
care utilisation (in the last 3 months), and alternative 
specifications of marital status and household size); (2) 
temporal adjustments including controlling for baseline 
depressive symptoms, and updating the time-varying 
controls in Wave 2 analyses; (3) sample composition 
effects by including those diagnosed with TB in Wave 2, 
as well as Wave 1 analysis using the balanced panel; and 
(4) long-term associations using Wave 3 CES-D as the 
outcome measure. These analyses provided insights into 
potential mediators of the TB-depressive symptoms rela-
tionship while testing the stability of our main findings 
under different analytical assumptions.

RESULTS
A total of 5059 adults participated in Wave 1 of the 
study. Of these, 4939 (97.6%) had complete baseline 
data including self-reported TB diagnosis status and 
CES-D scores. The remaining 120 participants (2.4%) 
were excluded due to missing TB diagnosis status (n=7) 
or missing CES-D data (n=113). For Wave 1 analyses, 
we used this full sample of 4939 participants. At Wave 2 
follow-up approximately 4 years later, 3900 participants 
(79.0% of those with complete baseline data) completed 
the CES-D assessment. Attrition between waves was 

due to deaths (n=538; 10.9%), refusals (n=253; 5.1%), 
participants who could not be located (n=28; 0.6%) and 
incomplete data collection (n=220; 4.5%). The analytical 
sample for Wave 2 analyses comprised 3738 participants, 
which excluded 176 participants who reported a new TB 
diagnosis between waves (figure  1). Attrition patterns 
varied by baseline TB status: mortality was higher among 
recently diagnosed participants (20.8%) compared with 
previously diagnosed (14.7%) and never diagnosed 
participants (11.7%). The sample sizes reported below in 
regression analyses vary slightly in comparison to figure 1 
due to missing covariate data.

Baseline characteristics of participants by tuberculosis 
diagnosis status
Table  1 presents baseline characteristics of the study 
population stratified by TB diagnosis status. The sample 
comprised 4876 individuals, of which 3.5% (173) had 
been recently diagnosed with TB, 5.6% (273) had a 
previous diagnosis and 90.9% (4430) reported never 
having been diagnosed with TB. The median age across 
the sample was 62.0 years (IQR 52.0–72.0), with no signif-
icant differences between the groups (p=0.303). There 
was a gender difference by TB diagnosis group (p<0.001), 
with a higher proportion of males among those recently 
diagnosed (54.3%) and previously diagnosed (60.1%) 
compared with those never diagnosed (44.9%). Although 

Figure 1  CONSORT flow diagram of the HAALSI study 
participants from baseline (Wave 1: November 2014 to 
November 2015) through Wave 2 (October 2018 to November 
2019). The diagram shows participant flow from initial 
enrolment through Wave 1 and Wave 2 data collection, 
including exclusions for new TB diagnoses during follow-up. 
CES-D, Centre for Epidemiologic Studies Depression Scale; 
CONSORT, Consolidated Standards of Reporting Trials; 
HAALSI, Health and Aging in Africa: A Longitudinal Study of 
an INDEPTH Community; TB, tuberculosis.
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marital status did not differ significantly between groups 
(p=0.597), a slightly lower percentage of individuals 
recently diagnosed with TB were married (47.4%) 
compared with 51% in the full sample. Household size 
showed no statistically significant variation (p=0.259), 
with a median of five people per dwelling across all 
groups. Individuals who had recently or previously been 
diagnosed with TB were more likely to have ever worked 
in underground mining (24.4% and 29.7%, respectively, 
p<0.001), compare to those never diagnosed (17%).

Educational attainment was lower among individuals 
who had received a TB diagnosis. Of those recently diag-
nosed, 51.2% had no formal education, compared with 

41.7% of those previously diagnosed and 45.8% of those 
never diagnosed; however, this difference was not signif-
icant (p=0.117). Employment status varied significantly 
(p=0.008), with a higher proportion of those recently 
diagnosed (71.3%) and previously diagnosed (61.9%) 
not working (excluding retirement) compared with 
those never diagnosed (57.9%). Wealth distribution also 
showed significant differences (p=0.028), with those 
recently diagnosed more likely to fall within the lowest 
wealth quintile (28.9%) compared with the never diag-
nosed (20.5%) and previously diagnosed (20.5%) groups.

Several significant health-related measures were asso-
ciated with TB diagnosis status. Body mass index (BMI) 

Table 1  Baseline characteristics by TB diagnosis status, HAALSI cohort (2014–2015)

Total No diagnosis Recently diagnosed Prior diagnosis

P value(n=4876) (n=4430; 90.9%) (n=173; 3.5%) (n=273; 5.6%)

Demographic characteristics

Age in years 62.0 (52.0–72.0) 62.0 (52.0–72.0) 61.0 (52.0–70.0) 61.0 (52.0–69.0) 0.303

Male (%) 2248 (46.1) 1990 (44.9) 94 (54.3) 164 (60.1) <0.001

Married (%) 2487 (51.0) 2263 (51.1) 82 (47.4) 142 (52.0) 0.597

Born in South Africa (%) 3404 (69.8) 3103 (70.1) 110 (63.6) 191 (70.0) 0.192

Household size 5.0 (3.0–7.0) 5.0 (3.0–7.0) 5.0 (3.0–8.0) 4.0 (3.0–7.0) 0.259

Ever worked in underground 
mining (%)

876 (18.0) 753 (17.0) 42 (24.4) 81 (29.7) <0.001

Educational attainment 0.117

No formal education (%) 2224 (45.8) 2023 (45.8) 88 (51.2) 113 (41.7)

Some primary (1–7 years) (%) 1655 (34.1) 1495 (33.9) 60 (34.9) 100 (36.9)

8 or more years of education 
(%)

980 (20.2) 898 (20.3) 24 (14.0) 58 (21.4)

Employment status 0.008

Employed (%) 776 (16.0) 716 (16.2) 18 (10.5) 42 (15.4)

Not working (not retired) (%) 2850 (58.6) 2559 (57.9) 122 (71.3) 169 (61.9)

Not working (retired) (%) 1238 (25.5) 1145 (25.9) 31 (18.1) 62 (22.7)

Wealth Index quintile 0.009

First (poorest) (%) 1014 (20.8) 908 (20.5) 50 (28.9) 56 (20.5)

Second (%) 961 (19.7) 871 (19.7) 40 (23.1) 50 (18.3)

Third (%) 954 (19.6) 870 (19.6) 31 (17.9) 53 (19.4)

Fourth (%) 971 (19.9) 888 (20.0) 24 (13.9) 59 (21.6)

Fifth (richest) (%) 976 (20.0) 893 (20.2) 28 (16.2) 55 (20.1)

Physical health (measures 
and behaviours)

Ever consumed alcohol (%) 2170 (44.5) 1921 (43.4) 93 (53.8) 156 (57.4) <0.001

Ever smoked (%) 1040 (21.3) 890 (20.1) 52 (30.1) 98 (36.0) <0.001

Visited a health facility (last 
3 months) (%)

2179 (45.6) 1920 (44.3) 102 (59.6) 157 (57.9) <0.001

High blood pressure (%) 2328 (49.5) 2163 (50.6) 62 (37.1) 103 (39.6) <0.001

Good or very good health (%) 3319 (68.1) 3036 (68.6) 106 (61.3) 177 (64.8) 0.063

HIV positive (self-reported) (%) 588 (12.1) 451 (10.2) 64 (37.0) 73 (26.9) <0.001

BMI 26.3 (22.5–31.0) 26.5 (22.7–31.3) 24.1 (21.2–29.5) 24.0 (21.0–27.7) <0.001

Median (IQR: 1st – 3rd). Sample size excludes those diagnosed with TB in Wave 2.
High blood pressure defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg. Continuous and ordinal variables are compared using 
the Kruskal-Wallis test, and binary and categorical variables using Fisher’s exact test. Variables are compared across TB diagnosis status (never diagnosed vs 
recently vs previously diagnosed). *p<0.1, **p<0.05, ***p<0.01. 95% CIs in parentheses.
BMI, body mass index; HAALSI, Health and Aging in Africa: A Longitudinal Study of an INDEPTH Community in South Africa; TB, tuberculosis.
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was significantly lower (p<0.001) among those recently 
diagnosed (median 23.7, IQR 20.9–27.3) and previously 
diagnosed (median 23.2, IQR 20.4–26.7) compared with 
those never diagnosed (median 26.5, IQR 23.1–30.7). 
HIV prevalence was significantly higher (p<0.001) among 
those recently diagnosed (37.0%) and previously diag-
nosed (26.9%) compared with those never diagnosed 
(10.2%). Smoking rates were higher (p<0.001) among 
those recently diagnosed (30.1%) and previously diag-
nosed (36.0%) compared with those never diagnosed 
(20.1%). Alcohol consumption was more prevalent 
(p<0.001) among those recently diagnosed (53.8%) and 
previously diagnosed (57.4%) compared with those never 
diagnosed (43.4%). Healthcare utilisation was more 
frequent (p<0.001) among those recently diagnosed 
(59.6%) and previously diagnosed (57.9%) compared 
with those never diagnosed (44.3%). Good or very good 
self-reported health was less common among those 

recently diagnosed (61.3%) compared with those previ-
ously diagnosed (64.8%) and never diagnosed (68.6%) 
(p=0.063).

In figure  2 we show kernel density estimates of stan-
dardised CES-D scores, stratified by TB diagnosis status, 
at both Wave 1 and Wave 2. A smoother distribution can 
be seen in Wave 2, as the range of raw CES-D scores in 
Wave 1 and Wave 2 is 0–8 and 0–60, respectively. Those 
with a recent TB diagnosis at Wave 1 have a higher density 
of depressive symptoms compared with those never diag-
nosed or previously diagnosed. By Wave 2, while the distri-
bution of CES-D scores for the recently diagnosed group 
showed some attenuation, it remained elevated relative to 
the other groups.

In table  2 we compare and test for significant differ-
ences in depressive symptoms, both in raw scores and 
binary cut-offs indicating moderate or severe depressive 
symptoms, stratified by TB diagnosis status.

Figure 2  Kernel density estimates of standardised CES-D scores by TB diagnosis status. CES-D, Centre for Epidemiologic 
Studies Depression Scale; TB, tuberculosis.

Table 2  Depressive symptoms by TB diagnosis status, HAALSI cohort (2014–2015)

Wave Mental health measure Total No diagnosis
Recently 
diagnosed Prior diagnosis P value

Wave 1 n=4767 n=4335 n=168 n=264

CES-D 8 score (0–8) 1.0 (0.0 to 2.0) 1.0 (0.0 to 2.0) 2.0 (1.0 to 3.0) 1.0 (0.0 to 2.0) 0.001

Wave 1 CES-D z-score −0.3 (−0.9 to 0.3) −0.3 (−0.9 to 0.3) 0.3 (−0.3 to 1.0) −0.3 (−0.9 to 0.3) 0.001

Moderate depressive symptoms (%) 1806 (38.0) 1628 (37.7) 84 (50.3) 94 (35.6) 0.003

Severe depressive symptoms (%) 803 (16.9) 716 (16.6) 44 (26.3) 43 (16.3) 0.006

Wave 2 n=3738 n=3415 n=121 n=202

CES-D 20 score (0–60) 13.0 (6.0 to 22.0) 13.0 (6.0 to 21.0) 14.0 (7.0 to 24.0) 14.0 (7.0 to 23.0) 0.072

Wave 2 CES-D z-score −0.2 (−0.9 to 0.8) −0.2 (−0.9 to 0.7) −0.1 (−0.8 to 1.0) −0.1 (−0.8 to 0.9) 0.072

Moderate depressive symptoms (%) 1541 (41.2) 1389 (40.7) 57 (47.1) 95 (47.0) 0.084

Severe depressive symptoms (%) 1111 (29.7) 989 (29.0) 50 (41.3) 72 (35.6) 0.003

Moderate depressive symptoms were defined as CES-D 8 score ≥2 for Wave 1 and CES-D 20 score ≥16 for Wave 2, while severe depressive symptoms were 
defined as CES-D 8 score ≥3 for Wave 1 and CES-D 20 score ≥20 for Wave 2. Variables are tested for significant differences across TB diagnosis status (never 
diagnosed vs recently vs previously diagnosed). *p<0.1, **p<0.05, ***p<0.01. Median and IQR values are reported for continuous variables, with counts and 
percentages for binary indicators. Per wave, sample sizes exclude those missing CES-D scores and TB diagnostic data, and those diagnosed with TB in Wave 2.
 CES-D, Centre for Epidemiologic Studies Depression Scale; HAALSI, Health and Aging in Africa: A Longitudinal Study of an INDEPTH Community in South Africa ; 
TB, tuberculosis.
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At baseline (Wave 1), depressive symptoms showed 
significant variation across TB diagnosis groups. The 
median CES-D 8 score was highest among participants 
recently diagnosed with TB (2.0, IQR 1.0–3.0), compared 
with those previously diagnosed (1.0, IQR 0.0–2.0) and 
those never diagnosed (1.0, IQR 0.0–2.0) (p=0.001). 
The proportion of participants with moderate depressive 
symptoms (CES-D 8 score ≥2) was higher among recently 
diagnosed participants (50.3%) compared with previ-
ously diagnosed (35.6%) and never diagnosed partic-
ipants (37.7%) (p=0.003). Similarly, severe depressive 
symptoms (CES-D 8 score ≥3) were more common in the 
recently diagnosed group (26.3%) compared with previ-
ously diagnosed (16.3%) and never diagnosed groups 
(16.6%) (p=0.006).

At follow-up (Wave 2 of table 2), using the CES-D 20 
scale, differences in depressive symptoms persisted. 
Median CES-D 20 scores were higher in both recently 
diagnosed (14.0, IQR 7.0–24.0) and previously diag-
nosed groups (14.0, IQR 7.0–23.0) compared with the 
never diagnosed group (13.0, IQR 6.0–21.0), though this 
difference did not reach statistical significance (p=0.072). 
Moderate depressive symptoms (CES-D 20 score ≥16) 
were present in similar proportions among recently diag-
nosed (47.1%) and previously diagnosed participants 
(47.0%), both higher than in never diagnosed partici-
pants (40.7%) (p=0.084). The proportion with severe 
depressive symptoms (CES-D 20 score ≥20) remained 
significantly higher in recently diagnosed participants 
(41.3%) compared with previously diagnosed (35.6%) 
and never diagnosed participants (29.0%) (p=0.003).

Multivariable regression analysis
Table 3 presents results from regression analyses assessing 
the association between TB diagnosis status and depres-
sive symptoms across Waves 1 and 2. Four models were 
reported for each wave: unadjusted linear regression exam-
ining standardised CES-D scores (Model 1), adjusted linear 
regression controlling for demographic, socio-economic 

and health covariates (Model 2), adjusted logistic regres-
sion estimating the odds of moderate depressive symptoms 
(Model 3) and adjusted logistic regression estimating the 
odds of severe depressive symptoms (Model 4).

At Wave 1, individuals recently diagnosed with TB exhib-
ited significantly higher standardised CES-D 8 scores than 
those never diagnosed in the unadjusted model (β=0.52, 
95% CI 0.24 to 0.81, p<0.001). This association remained 
statistically significant in the adjusted model (β=0.45, 
95% CI 0.18 to 0.73, p<0.001). Previously diagnosed indi-
viduals also showed elevated CES-D 8 scores (unadjusted: 
β=0.23, 95% CI 0.04 to 0.41, p<0.05; adjusted: β=0.24, 
95% CI 0.05 to 0.42, p<0.05).

In adjusted logistic regression models, recently diag-
nosed individuals had significantly higher odds of both 
moderate (OR=1.69, 95% CI 1.17 to 2.44, p<0.001) and 
severe depressive symptoms (OR=1.64, 95% CI 1.18 
to 2.28, p<0.05). Previously diagnosed individuals had 
significantly higher odds of moderate depressive symp-
toms (OR=1.50, 95% CI 1.16 to 1.95, p<0.001).

At Wave 2, the association between recent TB diag-
nosis and depressive symptoms persisted but attenuated 
in adjusted models. Recently diagnosed individuals had 
higher standardised CES-D 20 scores in unadjusted anal-
yses (β=0.19, 95% CI 0.00 to 0.38, p<0.05), but this associ-
ation was no longer statistically significant after adjustment 
(β=0.14, 95% CI −0.05 to 0.33). The odds of moderate 
depressive symptoms remained significantly elevated for 
recently diagnosed individuals (OR=1.52, 95% CI 1.04 to 
2.22, p<0.05), while the odds of severe depressive symptoms 
were not statistically significant. Previously diagnosed indi-
viduals showed a trend towards higher odds of moderate 
depressive symptoms (OR=1.31, 95% CI 0.97 to 1.79, p<0.1).

Sensitivity analyses
In table  4, we tested the robustness of the associations 
between TB diagnosis and depressive symptoms through 
several approaches:

Table 3  Multivariable regression analysis: baseline TB status and mental health outcomes

Dependent 
variable CES-D score CES-D score Moderate depression Severe depression

Wave Diagnosis 
category

Model 1
Coeff (95% CI)

Model 2
Coeff (95% CI)

Model 3
OR (95% CI)

Model 4
OR (95% CI)

Wave 1 (N=4706) Recently 
diagnosed

0.32 (0.15 to 0.50)*** 0.31 (0.14 to 0.49)*** 1.70 (1.22 to 2.36)*** 1.77 (1.23 to 2.55)***

Previously 
diagnosed

0.01 (−0.12 to 0.13) 0.03 (−0.10 to 0.16) 0.96 (0.73 to 1.26) 1.03 (0.73 to 1.45)

Wave 2 (N=3702) Recently 
diagnosed

0.19 (0.00 to 0.38)** 0.14 (−0.05 to 0.33) 1.17 (0.81 to 1.70) 1.52 (1.05 to 2.22)**

Previously 
diagnosed

0.11 (−0.04 to 0.25) 0.09 (−0.05 to 0.24) 1.27 (0.95 to 1.70) 1.32 (0.97 to 1.79)*

Models 1–2 show coefficients using standardised CES-D scores as the dependent variable (CES-D 8 in Wave 1, CES-D 20 in Wave 2). Models 3–4 present ORs 
using binary indicators for moderate and severe depression with established cut-offs. Models 2–4 adjust for demographic, socio-economic and physical health 
characteristics. Adjusted model sample sizes are reported (Model 2). *p<0.1, **p<0.05, ***p<0.01. 95% CIs in parentheses.
CES-D, Centre for Epidemiologic Studies Depression Scale; HAALSI, Health and Aging in Africa: A Longitudinal Study of an INDEPTH Community in South Africa; 
TB, tuberculosis.
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1.	 Model specification: Adding potential mediators as 
controls—baseline subjective health (Panel 1A, ta-
ble 4) and healthcare utilisation in the past 3 months 
(Panel 1B, table  4)—led to slightly smaller sample 
sizes and modest decreases in coefficients and ORs 
while maintaining significance levels. In additional 
tests not reported here, results remained robust when 
including BMI (available for a subset) and alternative 

specifications of demographic variables (marital status, 
household size). Additionally, mixed-effects models ac-
counting for the repeated-measures structure of the 
data yielded consistent results, with minimal within-
person correlation across waves (intraclass correlation 
<0.05) confirming the robustness of our wave-specific 
analytical approach (supplementary material S.2, on-
line supplemental table S1).

Table 4  Sensitivity analysis: multivariable regression analysis for baseline TB status and mental health outcomes

Wave Diagnosis category
Model 1
Coeff (95% CI)

Model 2
Coeff (95% CI)

Model 3
OR (95% CI)

Model 4
OR (95% CI)

Original

Wave 1 
(N=4706)

Recently diagnosed 0.32 (0.15 to 0.50)*** 0.31 (0.14 to 0.49)*** 1.70 (1.22 to 2.36)*** 1.77 (1.23 to 2.55)***

Previously Diagnosed 0.01 (−0.12 to 0.13) 0.03 (−0.10 to 0.16) 0.96 (0.73 to 1.26) 1.03 (0.73 to 1.45)

Wave 2 
(N=3702)

Recently diagnosed 0.19 (0.00 to 0.38)** 0.14 (−0.05 to 0.33) 1.17 (0.81 to 1.70) 1.52 (1.05 to 2.22)**

Previously diagnosed 0.11 (−0.04 to 0.25) 0.09 (−0.05 to 0.24) 1.27 (0.95 to 1.70) 1.32 (0.97 to 1.79)*

1. Specification robustness tests

1A. Including subjective health in covariates

Wave 1 (N=4704) recently diagnosed 0.32 (0.15 to 0.50)*** 0.28 (0.11 to 0.45)*** 1.64 (1.18 to 2.28)*** 1.69 (1.17 to 2.44)***

Previously diagnosed 0.01 (−0.12 to 0.13) 0.02 (−0.11 to 0.14) 0.94 (0.71 to 1.23) 0.99 (0.69 to 1.40)

Wave 2 (N=3700) recently diagnosed 0.19 (0.00 to 0.38)** 0.14 (−0.05 to 0.33) 1.17 (0.81 to 1.70) 1.52 (1.04 to 2.22)**

Previously diagnosed 0.11 (−0.04 to 0.25) 0.10 (−0.05 to 0.24) 1.27 (0.95 to 1.70) 1.31 (0.97 to 1.79)*

1B. Including healthcare utilisation in covariates

Wave 1 (N=4611) recently diagnosed 0.32 (0.15 to 0.50)*** 0.28 (0.11 to 0.46)*** 1.61 (1.16 to 2.23)*** 1.62 (1.12 to 2.34)**

Previously diagnosed 0.01 (−0.12 to 0.13) 0.02 (−0.11 to 0.15) 0.95 (0.72 to 1.25) 1.00 (0.70 to 1.42)

Wave 2 (N=3625) recently diagnosed 0.19 (0.00 to 0.38)** 0.14 (−0.05 to 0.34) 1.20 (0.82 to 1.75) 1.54 (1.05 to 2.25)**

Previously diagnosed 0.11 (−0.04 to 0.25) 0.09 (−0.06 to 0.23) 1.25 (0.93 to 1.68) 1.29 (0.95 to 1.75)

2. Temporal relationships and controls

2A. Including Wave 1 mental health as a covariate

Wave 2 (N=3680) recently diagnosed 0.19 (0.00 to 0.38)** 0.13 (−0.06 to 0.32) 1.16 (0.80 to 1.70) 1.53 (1.04 to 2.23)**

Previously diagnosed 0.11 (−0.04 to 0.25) 0.10 (−0.05 to 0.24) 1.27 (0.95 to 1.70) 1.32 (0.97 to 1.79)*

2B. Updated time-varying covariates

Wave 2 (N=3643) recently diagnosed 0.19 (0.00 to 0.38)** 0.19 (0.00 to 0.38)** 1.31 (0.90 to 1.91) 1.74 (1.19 to 2.55)***

Previously diagnosed 0.11 (−0.04 to 0.25) 0.13 (−0.02 to 0.27)* 1.33 (0.99 to 1.79)* 1.40 (1.03 to 1.90)**

3. Sample selection and composition

3A. Including those diagnosed with TB in Wave 2

Wave 1 (N=4874) recently diagnosed 0.32 (0.15 to 0.50)*** 0.32 (0.14 to 0.49)*** 1.70 (1.23 to 2.36)*** 1.77 (1.23 to 2.55)***

Previously diagnosed 0.01 (−0.12 to 0.13) 0.03 (−0.09 to 0.16) 0.96 (0.73 to 1.26) 1.02 (0.72 to 1.45)

Wave 2 (N=3861) recently diagnosed 0.18 (−0.01 to 0.37)* 0.12 (−0.07 to 0.31) 1.13 (0.78 to 1.64) 1.47 (1.01 to 2.13)**

Previously diagnosed 0.09 (−0.05 to 0.24) 0.08 (−0.07 to 0.23) 1.23 (0.92 to 1.64) 1.27 (0.94 to 1.73)

3B. Balanced panel analysis

Wave 1 (N=3680) recently diagnosed 0.33 (0.12 to 0.53)*** 0.32 (0.11 to 0.52)*** 2.00 (1.37 to 2.94)*** 2.06 (1.34 to 3.16)***

Previously diagnosed 0.01 (−0.14 to 0.15) 0.04 (−0.11 to 0.18) 0.94 (0.69 to 1.29) 1.13 (0.76 to 1.67)

4. Long-term effects

4A. Wave 3 CES-D outcomes

Wave 3 (N=3160) recently diagnosed −0.10 (−0.29 to 0.09) −0.10 (−0.30 to 0.10) 0.84 (0.55 to 1.27) 0.91 (0.58 to 1.42)

Previously diagnosed −0.03 (−0.18 to 0.13) −0.02 (−0.18 to 0.13) 0.94 (0.68 to 1.29) 1.12 (0.80 to 1.55)

Sensitivity analyses replicating table 3. Models 1–2 show coefficients using standardised CES-D scores as the dependent variable. Models 3–4 present ORs for 
moderate and severe depressive symptoms indicators. All models use TB diagnosis status as the key independent variable. Models 2–4 adjust for demographic, 
socio-economic and physical health characteristics. *p<0.1, **p<0.05, ***p<0.01. 95% CIs in parentheses.
CES-D, Centre for Epidemiologic Studies Depression Scale; TB, tuberculosis.

https://dx.doi.org/10.1136/bmjopen-2025-102839
https://dx.doi.org/10.1136/bmjopen-2025-102839
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2.	 Potential temporal confounding: Including Wave 1 
CES-D scores as baseline controls in Wave 2 estimates 
(Panel 2A, table 4) yielded results quantitatively similar 
to our primary analyses. To account for possible cor-
relations between baseline TB status and Wave 2 char-
acteristics, we controlled for Wave 2 measurements of 
socio-demographic and health variables (Panel 2B, 
table  4: age, marital status, household size, mining 
employment, wealth, employment status, HIV status, 
alcohol use and smoking). These estimates showed 
stronger associations: the relationship between recent 
TB diagnosis and standardised CES-D scores increased 
and became statistically significant, while both recent 
and previous diagnosis groups showed significantly 
higher odds of severe depressive symptoms.

3.	 Sample composition: Relaxing our exclusion of Wave 
2 TB diagnoses (Panel 3A, table 4) increased sample 
sizes (Wave 1: 4706–4874; Wave 2: 3702–3861) without 
substantive changes to results. Analysis of a balanced 
panel (participants with CES-D data in both waves, 
Panel 3B, table 4) reduced the Wave 1 sample to 3680. 
In this balanced sample, associations between baseline 
TB diagnosis and Wave 1 standardised CES-D scores 
remained positive and significant, with notably larger 
ORs for severe depressive symptoms (OR=2.06, 95% CI 
1.34 to 3.16).

4.	 Long-term associations: We examined associations 
with Wave 3 depressive symptoms (standardised CES-D 
20 scores and binary indicators) collected during the 
COVID-19 pandemic in 2021 (Panel 4A, table 4). No 
significant relationships were found between baseline 
TB diagnosis status and Wave 3 depressive symptoms.

DISCUSSION
This study provides novel evidence on the relationship 
between TB and mental health in older adults using 
the HAALSI cohort. The estimated TB prevalence in 
this rural South African population was 10%, based on 
self-reported diagnoses, suggesting a higher disease 
burden than reported in national estimates.4 Partici-
pants with TB diagnoses exhibited well-documented 
risk factors:3 they were more likely to be male, have a 
history of underground mining, report lower socio-
economic status, engage in alcohol and tobacco use and 
have lower BMI. Our key finding was a strong temporal 
association between TB diagnosis and depressive symp-
toms: individuals with recent diagnoses had significantly 
higher standardised depression scores at baseline and 
increased odds of both moderate and severe depressive 
symptoms, compared with those with past diagnoses or 
no TB history. The risk of severe depressive symptoms 
persisted 4 years later, potentially indicating a psycho-
logical burden from diagnosis that may extend beyond 
the immediate treatment period. These associations 
remained robust after adjusting for potential mediators 
of the relationship which may have been affected by prior 
TB diagnosis, and known risk factors of both conditions. 

While TB-diagnosed individuals showed higher health-
care utilisation, suggesting potential treatment-seeking 
behaviour differences, the relationship between diag-
nosis status and mental health persisted after accounting 
for these differences. The findings also remained stable 
under alternative model specifications and differences in 
sample composition and covariates.

A key strength of this study is its use of a large, longitu-
dinal dataset, with rich demographic, health and socio-
economic data.24 The HAALSI study provided a valuable 
opportunity to investigate the depression-TB association 
in a cohort study which reported high rates of follow-up, 
with survey interviews taking place in the home. The 
repeated nature of the data allowed us to add evidence 
to the less developed research base on individuals diag-
nosed with TB in the longer term,52 as well as, importantly, 
adding the needed benefit of a larger sample size and 
greater statistical power in analysis.52–54 While the HAALSI 
cohort has been extensively studied to document the 
burden of depressive symptoms among older adults and 
their association with adverse health outcomes,28–31 55–57 
TB-specific mental health research within this cohort 
remains limited. Using validated screening tools,36 48 our 
analysis leverages detailed diagnosis timing data, as well 
as two survey waves to examine the immediate psycholog-
ical burden associated with TB diagnosis, and to assess 
whether these associations persist over time. Our three-
group approach, combined with longitudinal follow-up, 
provides a more nuanced understanding of the temporal 
relationship between TB diagnosis and mental health 
than traditional binary (TB/no TB) comparisons. We 
also test for the presence of any significant association 
between baseline TB diagnosis and depressive symptoms 
in Wave 3 (data collected in 2021, during the COVID-19 
pandemic more than 5 years post baseline). The lack of 
any significant association provides reassurance that the 
associations observed at baseline and 4-year follow-up 
reflect a genuine TB-specific psychological burden rather 
than unobserved confounding factors, as any such factors 
would likely persist across waves. Another potential 
confounder, that of psychiatric side effects from TB medi-
cations contributing to depressive symptoms in recently 
diagnosed patients, this mechanism cannot explain the 
persistent elevation in severe depressive symptoms we 
observed 4 years after diagnosis, when patients are less 
likely to still be receiving treatment.2

A number of limitations were present in this analysis. 
While the cohort size is substantial, the relatively low prev-
alence of TB (approximately 10%) limits statistical power 
for detailed subgroup analyses or investigation of inter-
action effects, particularly when stratifying by diagnosis 
timing. The unique composition of the HAALSI cohort, 
with approximately 30% of participants born outside 
South Africa, may limit generalisability to the broader 
South African population, although we found no signifi-
cant differences in diagnosis status between South African-
born and foreign-born participants. Differences in CES-D 
scale versions across waves may introduce measurement 
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error,41 particularly given the range differences in raw 
CES-D scores in each wave.28 To this end, CES-D scores 
were standardised, and we refrain from cross-wave anal-
ysis which differentiates the two scores, even when stan-
dardised. We observed attrition across waves, and thus 
the potential for sample selection bias in our results. 
However, this bias was more likely to be an underestimate 
rather than an overestimate of the associations: mortality 
was substantially higher among recently diagnosed 
patients with TB, suggesting that the Wave 2 results likely 
underestimated the true relationship between TB and 
depressive symptoms, as those who died may have had 
more severe disease and potentially worse mental health 
outcomes. In addition, the associations observed when 
using a balanced panel analysis also suggested the main 
estimates may be conservative in Wave 1. This differential 
attrition strengthens rather than undermines our finding 
of persistent elevated risk at follow-up, as it suggests this 
relationship remains detectable even after the likely loss 
of the most severely affected individuals. Our reliance on 
self-reported diagnosis status is a limitation, though one 
shared by many large-scale epidemiological studies7 15 58 
that have successfully used self-reported TB as an infor-
mative measure.5 10 11 In regions with a high HIV-TB 
burden like South Africa, validation studies have shown 
that self-reported TB prevalence estimates tend to under-
estimate rather than overestimate true TB prevalence.15 59 
The high prevalence of HIV co-infection in our TB-diag-
nosed participants aligns with expectations from national 
estimates,1 4 suggesting our self-reported data captures 
known epidemiological patterns. Given that our study 
found significant associations between TB diagnosis and 
depressive symptoms despite likely under-reporting, our 
estimates may be conservative—the true relationship 
could be stronger if all TB cases were captured. While clin-
ical verification would be ideal, the likely direction of any 
measurement bias (toward underestimation) strengthens 
rather than undermines our key findings.

Despite being neglected in TB research,60 mental 
health disorders are observed as the most common 
disability among individuals with TB,60 with rates of prev-
alence similar to those with other chronic diseases such as 
HIV, diabetes mellitus and cancer.60 Depression is often 
under-diagnosed, especially in a context of low treat-
ment availability in low-income areas, or its symptoms are 
conflated with those of TB.54 Those with depressive symp-
toms during TB treatment follow heterogeneous trajec-
tories, with symptom severity associated with higher rates 
of mortality and loss to follow-up.52 54 Those diagnosed 
with depression are themselves at higher risk for TB (and 
other chronic conditions), with depressive symptom 
severity associated with higher risk.53 Our findings align 
with and extend prior research showing high prevalence 
of depressive symptoms among patients diagnosed with 
TB in resource-limited settings.9 10 These results align with 
emerging evidence that the relationship between TB and 
depression is both persistent and bidirectional,54 with the 
topic of bidirectionality particularly under-researched.53 

Previous research within the HAALSI cohort has demon-
strated that depressive symptoms are highly prevalent 
and persistent among individuals with chronic diseases 
and socio-economic stressors,29 with specific patterns of 
vulnerability by gender.28 These patterns are reflected 
in our study, where the socio-economic impact of TB—
including income loss61 and reduced work capacity 
resulting from persistent physical disability60—may create 
conditions for chronic psychological distress long after 
bacteriological cure, particularly in resource-constrained 
settings like rural South Africa.5–7 The persistent relation-
ship between TB diagnosis and depressive symptoms we 
observed is particularly concerning, as depression has 
been linked to treatment default and reduced medica-
tion adherence in patients with TB.13 14 The persistence 
of depressive symptoms 4 years post-diagnosis observed in 
our cohort may reflect multiple underlying mechanisms. 
Beyond the psychosocial impact of TB diagnosis and treat-
ment, the relationship is influenced by multiple shared 
risk factors including poverty,7 stigma9 and comorbidities 
such as HIV, diabetes and malnutrition.3 12 15–19 54 60 The 
existence of these common risk factors supports concep-
tualising TB-depression as a syndemic, where poverty, 
stigma and biological factors interact synergistically to 
worsen both conditions.54 60

When contextualising our findings within other chronic 
infectious diseases in South Africa, the relationship 
between TB and depression is persistent, with implica-
tions for both conditions. The high TB-HIV co-infection 
rate observed in our sample (37% among recently diag-
nosed patients with TB) is lower than national estimates 
which have reported rates ranging from approximately 
59% to 73% in South Africa.3 4 This comorbidity compli-
cates both mental health and TB treatment approaches. 
While HIV is associated with increased TB susceptibility2 
and more complex treatment regimens,1 3 our findings 
suggest that TB diagnosis itself carries significant psycho-
logical burden regardless of HIV status. This distinct 
pattern has implications for when and how mental 
health interventions should be deployed within TB care 
programmes. The bidirectional relationship between TB 
and depression54—where each condition may worsen 
outcomes for the other—highlights the potential public 
health impact of integrated screening and treatment 
approaches,13 particularly in the context of South Africa’s 
high disease burden and resource constraints.1–4

Our finding that severe depressive symptoms are 
present and persist 4 years post-diagnosis has important 
clinical and public health implications for older adults. 
That recently diagnosed patients with TB have signifi-
cantly higher odds of severe depressive symptoms at, or 
close to, the time of TB diagnosis suggests that mental 
health integration into TB care should be prioritised 
during early treatment phases, and such intervention 
is likely to reduce loss to follow-up, particularly among 
those experiencing growing trajectories in depressive 
symptoms.52 Both mental health treatment20–22 and socio-
economic interventions23 show promise in improving 
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TB outcomes, with particularly strong evidence for the 
effectiveness of integrated approaches. The WHO and 
South African TB treatment guidelines already empha-
sise patient-centred care; expanding this framework 
to include routine mental health screening and basic 
psychological support could be achieved with minimal 
additional resources.1 3 This is particularly important in 
the South African context, where TB disproportionately 
affects those of lower socio-economic status5–7 and older 
adults.4 6 Ensuring access to psychological support during 
early TB treatment could improve adherence, quality of 
life and overall health outcomes,54 61 particularly among 
subgroups such as those who report smoking and alcohol 
use behaviours,52 54 and those with drug-resistant TB.60 
Additionally, integrating TB care with other support 
programmes that address both mental health and TB risk 
factors is crucial, including nutritional support3 19 and 
financial assistance to help offset the economic burden of 
treatment.61 Such comprehensive support systems could 
help break the cycle between poverty, poor mental health 
and TB that affects many communities.9 54

Future research priorities should focus on several key 
areas: first, investigating the mechanisms linking TB and 
depression, particularly in the context of HIV co-infec-
tion, which was highly prevalent in our sample; second, 
examining how social determinants, stigma and biolog-
ical factors interact to influence both conditions; third, 
conducting intervention studies to assess the effectiveness 
of integrated mental health services in TB care54 and finally, 
examining the differential health trajectories of people 
diagnosed with TB as a function of their initial mental 
health scores.52 54 Particular attention should be paid to 
identifying high-risk patients early and determining the 
optimal timing, duration and intensity of psychological 
support throughout the TB treatment journey. Under-
standing these aspects could significantly improve both 
treatment adherence2 and long-term mental health 
outcomes in this vulnerable population. This research, 
along with other studies using HAALSI data, demon-
strates the value of comprehensive datasets that capture 
detailed health, socio-economic and demographic infor-
mation. Expanding this research to nationally repre-
sentative populations could inform the development of 
integrated care models that effectively address both the 
mental health burden and socio-economic challenges of 
TB, particularly for vulnerable older adults in resource-
limited settings.
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