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ARTICLE INFO ABSTRACT

Article history: Objectives: To determine the incidence of mortality and its predictors among pulmonary tuberculosis

Received 6 February 2024 (PTB) survivors treated at a rural Ugandan tertiary hospital.

/‘iﬁ:‘:e{dcﬁ ;\i”l_lz%; Methods: We conducted a retrospective chart review of data between 2013 and 2023. We included all
pte prl people that met the World Health Organisation’s definition of tuberculosis cure and traced them or their

next of kin to determine vital status (alive/deceased). We estimated the cumulative incidence of mortality
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per 1000 population, crude all-cause mortality rate per 1000 person-years, and median years of potential
life lost for deceased individuals. Using Cox proportional hazard models, we investigated predictors of
mortality.

Results: Of 334 PTB survivors enrolled, 38 (11.4%) had died. The cumulative incidence of all-cause mortal-
ity was 113.7 per 1000 population, and the crude all-cause mortality rate was 28.5 per 1000 person-years.
The median years of potential life lost for deceased individuals was 23.8 years (IQR: 9.6-32.8). Hospital-

Years of potential life lost ization (adjusted hazard ratio (aHR): 4.3, 95% CI: 1.1-16.6) and unemployment (aHR: 7.04, 95% CI: 1.5-31.6)
at TB treatment initiation predicted mortality.
Conclusion: PTB survivors experience post high mortality rates after TB cure. Survivors who were hos-
pitalized and unemployed at treatment initiation were more likely to die after cure. Social protection
measures and long-term follow-up of previously hospitalized patients could improve the long-term sur-
vival of TB survivors.
© 2024 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

There were an estimated 155 million tuberculosis (TB) survivors survivors is thrice that of people who have never suffered TB [2].
globally as of 2020 [1]. However, the risk of mortality among TB Early identification of risk factors for long-term mortality in people
with TB, especially in rural areas where studies have found a four-
fold increase in mortality, could significantly improve their long-
term survival [3]. This study aimed to determine the incidence
and predictors of mortality among TB survivors at a rural tertiary
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Table 1
Characteristics of TB survivors compared by crude mortality rates.
Alive Deceased P-value?
Characteristic Total N % N %
334 296 88.6 38 114

Age group (n = 333) .006
<20 years 32 30 10.2 2 53
20-60 years 277 249 84.4 28 73.7
60+ years 24 16 5.4 8 21.1

Sex .056
Male 209 180 60.8 29 76.3
Female 125 116 39.2 9 23.7

Residence (n = 331) .806
Rural 186 165 56.1 21 56.8
Urban 145 129 43.9 16 43.2

Education level (n = 215) .045
Educated 200 190 92.7 10 100.0
Not educated 15 15 7.3 0 0.0

Employment status (n = 271) .076
Employed 194 184 72.7 10 55.6
Unemployed 77 69 27.3 8 444

TB Resistance type 954
Drug susceptible TB 268 237 88.4 31 11.6
Drug resistance TB 66 59 89.4 7 10.6

Hospitalization status (n = 317) .072
Inpatient 125 108 37.8 17 54.8
Outpatient 192 178 62.2 14 45.2

TB symptoms (n = 267) .016
Yes 208 81.4 16 51.6
No 59 18.6 15 48.4

Cough (n = 210) .857
Yes 199 94.8 15 93.8
No 11 5.2 1 6.3

Dyspnoea (n = 208) 915
Yes 69 333 5 313
No 139 66.7 11 68.8

Chest pain (n = 208) .669
Yes 104 51.0 6 37.5
No 104 49.0 10 62.5

Haemoptysis (n = 206) 241
Yes 32 16.3 1 6.3
No 174 83.7 15 93.8

Night sweats (n =207) .088
Yes 122 61.3 5 313
No 85 38.7 11 68.8

Bacillary load (n = 122) .980
Low or 1+ 31 25.7 3 23.1
Medium or 2+ 43 34.9 5 385
High or 3+ 48 39.4 5 38.5

HIV status 333
Negative 236 71.3 25 65.8
Positive 98 28.7 13 34.2

Cotrimoxazole prophylaxis (n = 93)¢ 461
Yes 89 96.3 11 91.7
No 4 3.7 1 8.3

ART (n = 95)° .010
Yes 86 92.7 10 76.9
No 9 7.3 3 23.1

History of ART default (n = 60) .626
Yes 4 5.4 1 25.0
No 56 94.6 3 75.0

Comorbidities .013
Yes 47 12.2 11 28.9
No 287 87.8 27 71.1

Cardiometabolic disease” .008
Yes 30 7.8 7 184
No 304 92.2 31 81.6

Diabetes (n = 64) 393
Yes 13 19.6 2 25.0
No 51 80.4 6 75.0

Hypertension (n = 79) .003
Yes 11 10.0 4 44.4
No 68 90.0 5 55.6

(continued on next page)



J.B. Baluku, B. Namanda, S. Namiiro et al.

Table 1 (continued)
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Alive Deceased P-value®
Characteristic Total N % N %
334 296 88.6 38 114
Renal disease (n = 73) .007
Yes 11 10.9 4 444
No 62 89.1 5 55.6
Allergies (n = 18) 383
Yes 6 40.0 0 0.0
No 12 60.0 3 100.0
Other comorbidities (n = 25) 226
No 11 55.6 1 14.3
Yes 14 44.4 6 85.7

2 Indicated P-values generated from cox regression bivariate analysis.

b Cardiometabolic disease constituted clients who had a diagnosis of either Diabetes, Hypertension, or Renal Disease.

¢ A subset of people with HIV.TB: tuberculosis, ART: Antiretroviral therapy.

hospital in Uganda. The absence of a long-term follow-up policy
for drug-susceptible TB survivors in Uganda leaves a critical knowl-
edge gap regarding rural TB survivor outcomes. This study high-
lights the need to address this gap.

We conducted a cross-sectional study that used retrospec-
tive data from TB survivors at Masaka Regional Referral Hospital
(MRRH) in Southern Uganda. First, we reviewed data for a retro-
spective cohort of TB survivors who were cured of TB at MRRH
from 2013 to 2023. These individuals (or their next of kin) were
contacted by telephone or physically traced by the district TB and
Leprosy supervisors and village health team members to establish
their vital status (alive or dead). The study population was all peo-
ple cured of bacteriologically confirmed pulmonary TB from 2013
to 2023 at MRRH [4]. Participants were excluded if they were miss-
ing telephone contacts and could not be physically traced. Data
were abstracted from the unit TB registers and treatment files. The
data extracted pertained to the characteristics of survivors at the
time of TB treatment initiation. Data were analyzed in SPSS (ver-
sion 29.0.1). The cumulative incidence was estimated as a propor-
tion of TB survivors who were dead to the total eligible survivors
per 1000 population. The crude mortality rate was the proportion
of those who died to the total person-years. For an individual TB
survivor who died, the years of potential life lost (YPLL) were cal-
culated by subtracting the age at death from 63.3 years (the life
expectancy of Ugandans) [5]. This was limited to the 32 individ-
uals who died before the life expectancy age. We performed sur-
vival analysis using Cox proportional hazard models to determine
predictors of mortality. In constructing a multivariable Cox propor-
tional hazards model, we included all factors that had P <.1 at bi-
variate analysis in addition to other known predictors of mortality
among TB survivors (sex, time from TB diagnosis to treatment ini-
tiation, and residence type [rural vs urban]). Statistical significance
has been set at P <.05.

Of 469 pulmonary TB survivors who met the World Health Or-
ganisation (WHO) definition of cure, 334 (71.2%) were included
in the study. Of these, 317 (94.9%) were contacted by telephone.
Among the 135 excluded survivors, 62 (45.9%) had no contact
details (both telephone number and residence details), while 73
(54.1%) had invalid telephone numbers and could not be traced by
the study team.

Of 334 TB survivors, the median age was 32.0 (IQR: 25.0-47.0)
years, 209 (62.6%) were male, 98 (29.3%) were coinfected with Hu-
man Immunodeficiency Virus (HIV), and 77 (28.4%) were unem-
ployed at the time of TB treatment initiation. Further, 108 (34.1%)
were hospitalized at the time of TB treatment initiation. Demo-
graphic and clinical characteristics of TB survivors at the time of
TB treatment initiation are shown in Table 1.

The total observation time was 1333.8 person-years, and the
duration from cure to the study follow-up was a median of 46.7

(interquartile range (IQR): 27.2-63.7) months. Of 334 TB survivors
enrolled, 38 (11.4%) had died. The median survival from TB cure
to death was 8.8 (IQR: 1.1-34.5) months. The cumulative incidence
of mortality was 113.7 (95% confidence interval (CI): 81.4-147.3)
per 1000 population, and the crude all-cause mortality rate was
28.5 per 1000 person-years. The total YPLL were 708 years. The
median YPLL for deceased individuals was 23.8 (IQR: 9.6-32.8)
years. Hospitalization (adjusted hazard ratio (aHR): 4.3, 95% CI:
1.1-16.6, P = .034) and unemployment (aHR: 7.04, 95% CI: 1.5-
31.6, P = .012) at TB treatment initiation were significantly as-
sociated with increased mortality risk at multivariable analysis
(Table 2).

The mortality rate in our study (25 per 1000 person-years) is
comparable to that reported in rural Ethiopia among TB survivors
[3]. This rate is 5-9.5 times higher than the mortality rate re-
ported in the general rural population in Uganda [6,7]. The high
incidence of mortality is of concern since the majority of those
who died were in their productive years (20-60 years of age). This
translates to significant losses to families and the national econ-
omy, suggesting current TB mortality estimates likely underesti-
mate overall TB-related mortality [8]. The findings advocate for
long-term follow-up of previously hospitalized patients to address
lingering health issues and potential complications. Additionally,
the median survival of deceased individuals suggests a follow-up
period of at least 1 year might be necessary. Unemployment’s as-
sociation with mortality aligns with observations in India and un-
derscores the detrimental role of socio-economic factors [9]. So-
cial protection measures like cash transfers, education, and un-
employment insurance could improve TB survivors’ prospects [10].
In our study setting, we have previously demonstrated that a 1-
dollar incentive improved TB treatment success and reduced rates
of lost-to-follow-up [11]. Unfortunately, participation in existing
social protection programs is low in Uganda, necessitating the de-
sign of specific and accessible programs tailored to TB survivors
[12].

Study limitations include missing data on known mortality pre-
dictors like alcohol use, smoking, and nutrition, highlighting the
need for improved data collection in TB registers. Additionally, al-
most 29% of potential participants were excluded because they had
no contacts and could not be traced physically. This implies that
we might have underestimated the mortality rate among TB sur-
vivors in this setting. While the individuals we failed to trace could
have been matched to mortality registries, such registries are not
readily available in Uganda. Addressing these challenges through
robust registries, long-term studies, and support groups for TB sur-
vivors is crucial to gain a deeper understanding of their experi-
ences and improve their outcomes. These also would be important
in surveilling for TB reinfection and relapse rates, which were data
points missed in our study.
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Table 2
Predictors of mortality among TB survivors (N = 196).

Characteristic cHR 95% CI P-value aHR 95% CI P-value
Age (every additional year) 1.038 (1.018, 1.059) <.001 1.029 (0.989, 1.07) .158
Sex

Female Ref Ref

Male 2.083 (0.918, 4.424) .056 3.512 (0.715, 17.249) 122
Residence

Urban Ref Ref

Rural 1.085 (0.565, 2.085) .806 0.419 (0.111, 1.583) 199
Employment status

Employed Ref Ref

Unemployed 2.347 (0.916, 6.018) .076 6.957 (1.531, 31.612) .012
Hospitalization status

Outpatient Ref Ref

Inpatient 1.944 (0.942, 4.014) .072 4314 (1.118, 16.638) .034
Night sweats

No Ref Ref

Yes 0.396 (0.137, 1.147) .088 0.433 (0.124, 1.511) 189
HIV status

Negative Ref Ref

Positive 0.716 (0.365, 1.407) 333 2.985 (0.713, 12.493) 134
Cardiometabolic disease

No Ref Ref

Yes 3.110 (1.347, 7.181) .008 4.956 (0.467, 52.588) 184
Time from diagnosis to treatment (every additional day) 0.999 (0.992, 1.007) 867 1.02 (0.852, 1.222) .83

aHR: Adjusted Hazard ratio; cHR: Crude Hazard ratio; CI: confidence interval.
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