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RESEARCH ARTICLE

Long-term mortality after tuberculosis treatment among persons
living with HIV in Haiti
Yvetot Joseph1, Zhiwen Yao2, Akanksha Dua2, Patrice Severe1, Sean E Collins1, Heejung Bang3,
Marc Antoine Jean-Juste1, Oksana Ocheretina4, Alexandra Apollon1, Margaret L McNairy4, Kathryn Dupnik4,
Etienne Cremieux1, Anthony Byrne5, Jean W Pape1 and Serena P Koenig6,§

§Corresponding author: Serena P Koenig, Division of Global Health Equity, Brigham and Women’s Hospital, 75 Francis Street, Boston, Massachusetts 02115, USA.
Tel: 617-413-4090 (skoenig@bwh.harvard.edu)
The study is registered with ClinicalTrials.gov number NCT00120510. URL: https://clinicaltrials.gov/ct2/show/NCT00120510.

Abstract
Introduction: Long-term mortality among TB survivors appears to be higher than control populations without TB in many set-
tings. However, data are limited among persons with HIV (PWH). We assessed the association between cured TB and long-
term mortality among persons with PWH in Haiti.
Methods: A prospective cohort of PWH from the CIPRA HT-001 trial was followed from study enrolment (August 2005 to
July 2008) to study closure (December 2018) to compare mortality between participants with and without TB. The index date
for the survival analysis was defined as 240 days after TB diagnosis or randomization date. Time to death was described using
Kaplan–Meier curves, and log-rank tests were used to compare time to death between the TB and no-TB cohorts. The associa-
tion between TB and long-term mortality was estimated with multivariable Cox models.
Results: Of the 816 participants in the CIPRA HT-001 trial, 77 were excluded for a history of TB prior to study enrolment
and 31 were excluded due to death or attrition prior to the index date, leaving 574 in the no-TB and 134 in the TB cohort.
Twenty-four (17.9%) participants in the TB and 48 (8.4%) in the no-TB cohort died during follow-up. Five and 10-year mortal-
ity rates were 14.2% and 17.9% respectively, in the TB cohort, and 6.1% and 8.4% in the no-TB cohort. In Kaplan–Meier analy-
sis, participants in the TB cohort had a significantly shorter time to death (log-rank p < 0.001). In multivariable analysis, TB
treatment was the only predictor of mortality (HR: 2.78; 95% CI: 1.61, 4.79). Sensitivity analyses, which included only baseline
TB cases, an index date of two years after TB diagnosis, and study enrolment and case-control matching yielded results that
were consistent with primary analyses.
Conclusions: PWH who are successfully treated for TB have higher long-term mortality than those who are never diagnosed
with TB, even after accounting for acute TB-related mortality. A better understanding of the underlying mechanisms associated
with TB sequelae is critically needed to guide specific interventions. Until then, more aggressive measures for health promo-
tion and disease prevention are essential to improve long-term survival for PWH after TB treatment.
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1 | INTRODUCTION

Although tuberculosis (TB) is a preventable and curable disease,
it remains the leading cause of death among persons with
HIV (PWH), accounting for about one-third of all reported
HIV-related deaths [1,2]. However, this does not account for
TB-related deaths that occur after treatment completion. A
growing body of published reports from largely HIV-negative
populations has found that TB survivors continue to have an
elevated long-term mortality rate, compared with the general
population [3-10]. Data on long-term mortality after successful
TB treatment in PWH are limited, but also suggest that both

mortality from active infection and deaths from persistent
sequelae of TB disease after cure contribute to TB-related mor-
tality. A cohort study from Vietnam, which included a subset of
PWH, found that two-thirds of deaths occurred after TB treat-
ment completion [3]. A retrospective analysis of the Caribbean,
Central and South America Network for HIV Epidemiology
(CCASAnet) database found higher rates of long-term mortality
in PWH after TB treatment completion, compared to those
without TB [11]. However, the CCASAnet study was limited by
retrospective design, inability to determine TB treatment out-
come and lack of data to adjust for clinical factors in a heteroge-
nous population.
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The goal of this study was to evaluate the impact of TB on
long-term mortality in a prospectively followed cohort of
PWH with similar socio-economic and clinical status. We com-
pared the mortality rates between PWH with and without TB,
using 14 years of longitudinal data from the CIPRA HT-001
trial cohort.

2 | METHODS

2.1 | Study setting

This study was conducted at the Haitian Group for the Study of
Kaposi’s Sarcoma and Opportunistic infections (GHESKIO) in
Port-au-Prince, Haiti. GHESKIO is a Haitian nongovernmental
organization and the largest provider of HIV care in the Carib-
bean, treating up to 700 patients per day for HIV and/or TB.

2.2 | Overview of the CIPRA HT-001 study

CIPRA HT-001 was an open-label randomized trial that was
conducted at GHESKIO [12]. The trial enrolled 816 antiretrovi-
ral therapy (ART)-na€ıve PWH ≥18 years of age with CD4 cell
count between 200 and 350 cells/mm3, and no history of an
AIDS-defining illness (World Health Organization [WHO] stage
4) between August 2005 and July 2008. Participants were ran-
domly assigned either to initiate ARTwithin two weeks of enrol-
ment (early treatment group), or to start ART when they
developed an AIDS-defining illness or their CD4 cell count
reached <200 cells/mm3 (deferred treatment group), which
was the standard of care at the time (Figure 1) [12].
Demographic and clinical characteristics were comparable

between the early and deferred treatment groups at random-
ization. The median age of participants was 40 years, and 470
(58%) were women. The median CD4 cell count was
281 cells/mm3. Detailed results have been published previ-
ously [12]. At the second interim analysis, which included data
accumulated up to May 1, 2009, the trial crossed the prespec-
ified stopping boundary for a difference in survival between
the groups, and the data safety monitoring board recom-
mended that the trial be stopped, and all participants initiate
ART. The median follow-up time from enrolment to study stop
date was 21 months. There were 23 deaths in the deferred
group, compared with six in the early treatment group (hazard
ratio [HR]: 4.0 (95% confidence interval [CI]: 1.6 to 9.8). There
was also a higher incidence of TB in the deferred group
(n = 36) compared to the early treatment group (n = 18) (HR:
2.0; 95% CI: 1.2 to 3.6).

2.3 | CIPRA HT-001 study intervention and
subsequent follow-up

During the CIPRA HT-001 trial, and throughout the post-study
follow-up period, participants in both groups received a package
of services which were similar to the care provided for all PWH
at GHESKIO at the time. At enrolment, participants were
screened for latent TB using purified protein derivative (PPD)
skin tests; those with a positive PPD, defined as ≥5 mm, were
prescribed daily isoniazid. First-line ART included efavirenz,
lamivudine and zidovudine until 2010, when zidovudine was
replaced with tenofovir disoproxil fumarate. All participants also
received trimethoprim-sulfamethoxazole prophylaxis.
Participants with symptoms of pulmonary TB received a

chest x-ray and sputum testing for tuberculosis. Initially, spu-
tum testing included modified Ziehl–Neelsen stain and culture
for Mycobacterium tuberculosis using the BACTEC MGIT 960
system (Becton Dickinson, Franklin Lakes, NJ, USA). In 2010,
Xpert MTB/RIF testing (Cepheid, Sunnyvale, CA, USA) became
available. Participants who were diagnosed with TB were trea-
ted with standard first-line rifampin-based therapy, followed
by secondary isoniazid prophylaxis. Participants with recurrent
TB or drug-resistant TB were treated according to WHO
guidelines, which evolved over time.

2.4 | Tuberculosis definitions

TB was defined according to the definition of the American
Thoracic Society, as described in previous reports [13,14]. For
diagnosis, the required criteria included symptoms of active
TB and bacteriologic confirmation of disease (positive sputum
smear, Xpert MTB/RIF test, or culture) or chest X-ray findings
that were highly suggestive of active TB and clinical response
to anti-tuberculosis treatment. Participants were considered
to have baseline TB if they were receiving TB treatment at
enrolment, or diagnosed with TB within the subsequent
60 days. Incident TB was defined as newly diagnosed TB
which occurred after this period.

2.5 | Study population for the current analysis

Participants with a self-reported or documented history of
past TB (prior to randomization) but a negative diagnosis at
baseline were excluded from the current analysis because of
the inability to confirm their TB diagnosis in accordance with
the consistent standards applied to those included in the anal-
ysis cohort. The remaining participants were divided into two

Figure 1. CIPRA HT-001 original study design and observational follow-up.
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cohorts, based on TB status: (1) TB cohort (baseline or inci-
dent TB) and (2) no-TB cohort (participants never diagnosed
with TB). To account for acute mortality due to TB or other
aetiology, participants who died or were lost to follow-up
(LTFU) within 240 days after TB diagnosis or after randomiza-
tion were excluded from analyses. This 240-day window per-
iod was chosen because standard TB treatment should be
completed within this time frame [15].

2.6 | Statistical analyses

Demographic, clinical and laboratory information were
extracted from the study database and GHESKIO electronic
medical record (EMR) and exported into SAS Enterprise Guide
Version 7.1 (Statistical Analysis System, Cary, NC, USA) and R
(R: A Language and Environment for Statistical Computing,
Vienna, Austria). Baseline characteristics were summarized for
each cohort using medians and interquartile ranges (IQR) for
continuous variables and counts and percentages for categorical
variables. For participants with baseline TB and those who were
never diagnosed with TB, the index date for the survival analysis
was defined as 240 days after randomization date. For partici-
pants with incident TB, the index date was defined as 240 days
after TB diagnosis. Participants were followed from the index
date (start of follow-up) through the date of death or end of
follow-up, whichever came first, and censored upon either LTFU
or end of data availability (December 2018).
Time to death was described using Kaplan–Meier curves for

both the TB and no-TB cohorts. Log-rank tests were used to
compare the time to death between the two cohorts. Univari-
able and multivariable Cox Proportional Hazards models were
used to estimate the association between TB and hazard of
death. All covariates of interest, including age, sex, marital sta-
tus, income and education levels, body mass index (BMI), CD4
count at ART initiation and randomization group (early or
deferred ART) were included in both the univariable and mul-
tivariable models. Hazard ratios and associated confidence
intervals from the univariable and multivariable models were
calculated and reported.

2.7 | Sensitivity analyses

Three sets of sensitivity analyses were conducted. First, the
main analyses were repeated among participants with baseline
TB or no TB, excluding the incident TB participants; the index
date was 240 days after randomization. Next, the main analy-
ses (with the inclusion of participants with baseline and inci-
dent TB) were repeated with a conservative two-year window
period for estimated TB treatment period (rather than
240 days) to reduce the likelihood of misclassifying mortality
related to active or incompletely treated TB. In this analysis,
the index date was set to two years after randomization date
(for participants with baseline TB or no TB) or two years after
TB diagnosis (for participants with incident TB). Finally, a
matched analysis was conducted to avoid potential bias due to
shorter follow-up time in the incident TB cohort. The survival
analyses were repeated in a matched cohort based on the
date of TB diagnosis (for the TB cohort) and the date of ran-
domization (for the no-TB cohort). A many-to-one greedy
nearest neighbour match was performed to match each partic-
ipant in the TB cohort with four in the no-TB cohort, with a

window period of up 365 days between TB diagnosis and
date of randomization. Many-to-one match was performed to
maximize sample size, due to the relatively small number of
events.

2.8 | Ethical considerations

The CIPRA HT-001 study and subsequent analyses were
approved by the institutional review boards at all participating
institutions. All participants provided written informed con-
sent.

3 | RESULTS

Of the 816 participants in the CIPRA HT-001 trial, 77 were
excluded for reported history of TB prior to study enrolment.
Of the 739 remaining participants, 14 in the TB cohort and six
in the no-TB cohort were excluded due to death within
240 days after TB diagnosis or date of randomization. Three
participants in the TB cohort and eight in the no-TB cohort
were excluded due to LTFU within the same period (Figure 2).
The final analyses set therefore included 708 participants, 574
in the no-TB cohort and 134 in the TB cohort (baseline TB: 53;
incident TB: 81). Among those with incident TB, the median
time from study enrolment to TB diagnosis was 2.0 years (IQR:
0.9, 3.5) (Figure 3). Among the 134 participants with TB, only 1
(<1%) was known to have rifampin resistance.
Among the 708 participants included in the analysis, the

median age at enrolment was 40 years (IQR: 33, 46) and 410
(58%) were women. Of the 134 participants in the TB cohort,
73 (54%) (baseline TB: 20; incident TB: 53) were originally
randomized to the deferred ART group and 61 (46%) (base-
line TB: 33; incident TB: 28) to the early ART group. Of the
574 in the no-TB group, 277 (48%) were randomized to the
deferred ART group and 297 (52%) to the early ART group.
Demographic characteristics, including age, sex, education,
income and marital status, were similar between patients in
the TB and no-TB cohorts (Table 1). CD4 cell counts at enrol-
ment were also similar between the TB and no-TB cohorts,
with median values of 276 cells/mm3 (IQR: 248, 309) and
276 cells/mm3 (IQR: 241, 312) respectively (p = 0.834).
Among the participants who initiated ART, CD4 cell counts at
ART initiation were lower in the TB cohort compared to the
no-TB cohort, with median values of 247 cells/mm3 (IQR: 171,
290) and 257 cells/mm3 (IQR: 205, 302) respectively
(p = 0.026). Additionally, participants in the TB cohort had
lower BMI compared to those in the no-TB cohort at initial
randomization (19.9 vs. 21.5; p < 0.001), and were more likely
to have been categorized as WHO clinical stage 3 at that time
(44% vs. 3%; p < 0.001), because pulmonary TB is a WHO
stage 3 condition. Eight patients were diagnosed with diabetes
at baseline or during the study period; 5 (0.9%) were in the
no TB cohort and 3 (2.2%) were in the TB cohort (p = 0.177).
Over the study period, the median follow-up time from the

index date (240 days after randomization or TB diagnosis)
was 9.1 years (IQR: 5.1, 10.1) for the overall cohort, 7.1 years
(IQR: 3.5, 9.2) for the TB cohort and 9.2 years (IQR: 5.5,
10.2) for the no-TB cohort. Twenty-four (17.9%) of partici-
pants in the TB cohort and 48 (8.4%) in the no-TB cohort died
during follow-up. The median age at death was 42.2 years
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(IQR: 38.1, 50.9) for the TB cohort and 49.8 years (IQR: 43.2,
55.2) for the no-TB cohort. Five and 10-year mortality rates
were 14.2% and 17.9%, respectively, in the TB cohort, and
6.1% and 8.4% in the no-TB cohort. In Kaplan–Meier analysis
(Figure 4), participants in the TB cohort had a significantly
shorter time to death (log-rank p < 0.001).
Among the 133 participants who were not known to have

rifampin-resistant TB, a total of six were treated for a second
episode of TB, during 945 person-years at risk (PYAR). The
incidence rate of recurrent TB was 6.3/1000 PYAR. Four of
these patients died during follow-up.
In the univariable analysis, TB, older age and secondary

school were associated with mortality (Table 2). In the multi-
variable analysis, TB (HR: 2.78; 95% CI: 1.61, 4.79) was the
only significant predictor of mortality.

3.1 | Sensitivity analyses

Sensitivity Analysis 1 included only the subgroup of 53 partici-
pants with baseline TB and 574 with no TB (5242 patient-
years of follow-up). Five and 10-year mortality rates were
11.3% and 18.9%, respectively, in the baseline TB cohort, and
6.1% and 8.4% in the no-TB cohort. In the Kaplan–Meier sur-
vival analysis (Figure S1), participants in the baseline TB
cohort had a shorter time to death (log-rank p = 0.006), con-
sistent with the primary analysis. In the multivariable analysis,
TB (HR 2.48; 95%: 1.11, 5.51) and older age (HR [per

decade]: 1.47 (95% CI: 1.10, 1.98) were associated with mor-
tality (Table S1).
In Sensitivity Analysis 2, the index date was defined as two

years after CIPRA HT-001 enrolment (for participants with
baseline TB or no TB) or two years after TB diagnosis (for par-
ticipants with incident TB). Consistent with the primary analysis,
five and ten-year mortality rates were 11.7% and 14.2%,
respectively, in the TB cohort, and 4.3% and 5.9% in the no-TB
cohort. In the Kaplan–Meier survival analysis (Figure S2), par-
ticipants in the TB cohort had a shorter time to death (log-rank
p < 0.001). In multivariable analysis, TB (HR: 2.89: 95% CI:
1.56, 5.34) and older age (HR [per decade]: 1.35; 95% CI: 1.01,
1.81) were associated with mortality (Table S2).
In Sensitivity Analysis 3, patients in the TB cohort were

matched to patients in the no-TB cohort based on the date of
TB diagnosis (TB group) and the date of enrolment in the
study (no-TB group). A total of 450 patients were included in
this sensitivity analysis (TB: 90; no-TB: 360), and contributed
to 3695 patient-years of follow-up. The median time from
study enrolment to TB diagnosis among patients with incident
TB was 0.7 years (IQR: 0.6, 1.2). In Kaplan–Meier survival
analysis (Figure S3), participants in the TB cohort had a
shorter time to death (log-rank p = 0.005), which was consis-
tent with the primary analysis. In multivariable analysis, TB
(HR: 2.76: 95% CI: 1.32, 5.78) and older age (HR [per dec-
ade]: 1.44; 95% CI: 1.00, 2.06) were associated with mortality
(Table S3).

Figure 2. Study population for current analysis.

Figure 3. Time from CIPRA HT-001 enrollment to TB diagnosis for patients with incident TB.
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4 | DISCUSSION

The results of this study show that among PWH, co-
infection with TB disease leads to increased long-term mor-
tality despite successful TB treatment. In this study, with up
to 14 years of follow-up data from the CIPRA HT-001 trial

cohort, 17.9% of participants with baseline or incident TB
died after successful completion of TB treatment, compared
with 8.4% of those who never had TB. In a multivariable
analysis which controlled for initial study randomization,
intrinsic characteristics and health status, a history of TB
was associated with a nearly threefold higher rate of long-

Table 1. Demographic and clinical variables (n = 708)

Characteristic TB Cohort (n = 134) No-TB Cohort (n = 574) p-value

Age at study entry (years) – median (IQR) 38 (33, 45) 40 (33, 47) 0.182

Female sex – no. (%) 71 (53) 339 (59) 0.234

Education – no. (%)

No school 41 (31) 170 (30) 0.784

Primary school 37 (28) 176 (31)

Secondary school or more 56 (42) 228 (40)

Annual income <$100/year – no. (%) 119 (89) 510 (89) 1.000

Living with spouse or partner – no. (%) 53 (40) 236 (41) 0.815

World Health Organization stage at randomization – no. (%)

World Health Organization stage 1 24 (18) 226 (40) <0.001

World Health Organization stage 2 51 (38) 329 (57)

World Health Organization stage 3 59 (44) 19 (3)

CD4 count at study entry (cells/mm3) – median (IQR) 276 (248, 309) 276 (241, 312) 0.834

CD4 count at ART initiation (cells/mm3) – median (IQR) 247 (171, 290) 257 (205, 302) <0.026

Body mass index at study entry (kg/m2) – median (IQR) 19.9 (18.4, 22.2) 21.5 (19.6, 23.9) <0.001

CIPRA HT-001 randomization group – no. (%)

Early ART group 61 (46) 297 (52) 0.230

Deferred ART group 73 (55) 277 (48)

Figure 4. Kaplan–Meier estimates of survival in the TB and No-TB cohorts (starting from 240 days after TB diagnosis or randomization
date).
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term mortality, starting from the time of TB treatment
completion.
The association with TB and long-term mortality may have

been even greater if secondary isoniazid prophylaxis had not
been provided. GHESKIO is one of the few health centres to
routinely prescribe secondary isoniazid prophylaxis for PWH
after completion of TB treatment [16]. In this study, 4.5% of
patients in the TB cohort were treated for the second episode
of TB (6.3/1000 PYAR). In contrast, about 18% of PWH in a
South African cohort had recurrent TB over a similar follow-
up period (22.6/1000 PYAR after successful TB treatment)
[17]. A second South African study of similar duration found
that 10.9% of patients developed recurrent TB, without strati-
fication by HIV status [18]. Secondary TB preventive therapy
in PWH may reduce the incidence of recurrent TB and its
associated mortality [19].
Data from other studies on long-term outcomes after TB

treatment among PWH are limited. One retrospective analysis
of the CCASAnet database also found higher rates of long-
term mortality in PWH after TB treatment completion, com-
pared to those without TB (10-year mortality rate of 19.3%
vs. 10.6%) [11]. Among largely HIV-negative populations, long-
term mortality rates are also higher in TB survivors, though
most of these analyses were based on population-level data,
and unable to control for potential confounders that increased
risk for TB disease and non-TB-related mortality [3-9]. A
recent systematic review and meta-analysis found that pooled
standard mortality was nearly threefold higher among individ-
uals post-TB, compared with the control group [10]. In a large,
prospective cohort study from Vietnam, the standard mortality
ratio was 4.0 among patients with TB, compared to the con-
trol population of people living in the same households [3]. In
the studies that reported cause of death after TB cure, the
most common causes of death included cardiovascular disease,
neoplasms, infections (recurrent TB, complications of HIV,
pneumonia), chronic obstructive pulmonary disease (COPD),
cirrhosis and renal failure [3,5,6,9].
Data on the cause of death after successful TB treatment in

PWH are limited, but it is likely that chronic pulmonary sequelae
play a major role. Pulmonary TB is associated with largely

irreversible changes to bronchial and parenchymal structures,
leading to bronchiectasis, fibrosis and emphysematous changes.
Multiple studies in largely HIV-negative populations have found
an association between past TB and COPD [20-22]. Moreover,
HIV is an independent risk factor for COPD, and airflow
obstruction is associated with mortality [23]. Most data on
COPD in PWH come from high-income settings, but emerging
studies from low- and middle-income countries also demon-
strate a high burden of COPD in PWH [24,25].
Furthermore, PWH are at risk of pneumonia and invasive

disease from Streptococcal pneumoniae, particularly if they also
have COPD [26]. Although the risk is highest with advanced
HIV, it remains elevated even in those with well-controlled
disease [27,28]. Pneumococcal vaccination is recommended
for PWH in guidelines of most high-income countries, but
WHO guidelines recommend against it, due to insufficient evi-
dence of benefit [29-34]. Further data on the contribution of
pneumococcal disease to morbidity and mortality in TB sur-
vivors with HIV, and potential vaccine efficacy in this highly
vulnerable population, are needed.
Behavioural factors, socioeconomic conditions and comorbidi-

ties that increase the risk of TB acquisition and premature mor-
tality also likely contribute to poor outcomes after TB
treatment [35]. Host-level factors may also play a role. Persons
who have survived one episode of TB are at risk of recurrent
TB. In addition, the acquisition of TB is a marker of immune dys-
function, which may also increase the risk of death from other
causes [36]. TB co-infection may contribute to increased HIV
viral load and accelerate HIV disease progression.
TB may also cause persistent inflammation and chronic

immune activation, further increasing the risk of cardiovascu-
lar disease, which is already a major cause of death in PWH
[37,38]. An analysis of PWH enrolled in the Antiretroviral
Therapy Cohort Collaboration (ART-CC) demonstrated that
PWH and a history of TB had a higher risk of mortality from
cardiovascular, metabolic and non-AIDS-defining events, com-
pared to those without TB [36]. In addition, a retrospective
cohort study from Taiwan found a 40% increased risk of car-
diovascular events in patients with a history of TB [39].
Patients with HIV and TB may receive particular benefits from

Table 2. Predictors of mortality during follow-up: univariable and multivariable Cox Proportional Hazards regression analyses

Variable (reference category)
Univariable analysis Multivariable analysis

HR (95% CI) p-value HR (95% CI) p-value

TB (vs. no TB) 2.44 (1.49, 3.99) <0.001 2.78 (1.61, 4.79) <0.001

Age, per decade 1.37 (1.08, 1.73) 0.008 1.25 (0.96, 1.63) 0.092

Education

Primary (vs. no school) 0.62 (0.35, 1.10) 0.102 0.78 (0.42, 1.45) 0.436

Secondary school (vs. no school) 0.51 (0.30, 0.89) 0.017 0.57 (0.30, 1.10) 0.093

Living with spouse or partner (vs. single) 1.47 (0.93, 2.34) 0.101 1.15 (0.68, 1.94) 0.599

Body mass index (kg/m2) 0.94 (0.88, 1.01) 0.099 0.99 (0.91, 1.07) 0.708

Female sex (vs. male sex) 0.74 (0.47, 1.18) 0.208 0.75 (0.43, 1.32) 0.318

Annual income <$100/year 1.43 (0.62, 3.29) 0.406 1.72 (0.60, 4.93) 0.310

Early randomization group (vs. deferred group) 0.89 (0.56, 1.42) 0.636 1.49 (0.81, 2.75) 0.201

CD4 count at ART initiation, per 50 cells 0.95 (0.80, 1.12) 0.546 0.9 (0.73, 1.11) 0.318
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screening and prevention for cardiovascular disease, including
smoking cessation counselling and management of hyperten-
sion and hyperlipidaemia.
In spite of the higher mortality in TB survivors, the WHO

and other expert committees do not make specific recommen-
dations regarding the management of patients after TB treat-
ment completion. This represents a potential missed
opportunity to improve survival in this vulnerable population
[1]. Based on the results of this study, we have implemented a
more intensive monitoring strategy for PWH who have been
treated for TB at GHESKIO, focusing on aggressive health
promotion and disease prevention strategies.
Our study is limited by a lack of data on the cause of death;

future studies on mechanisms that lead to increased mortality
will be critical in guiding further interventions. This study was
conducted in a large urban clinic, and all participants had CD4
counts from 200 to 350 cells/mm3 at cohort entry, which may
limit the generalizability of our findings. However, though the
original trial was designed to assess the impact of early versus
deferred ART initiation, the study was stopped soon into
follow-up and all participants were treated the same there-
after, which allowed us to draw from a population with very
similar health characteristics and control for many variables
that are predictive of premature mortality. Moreover, this was
a well-defined population, followed closely for up to 14 years,
with a low rate of loss to follow-up.

5 | CONCLUSIONS

In conclusion, PWH who are successfully treated for TB have
higher long-term mortality than those who are never diag-
nosed with TB, even after accounting for acute TB-related
mortality. A better understanding of the underlying mecha-
nisms associated with TB sequelae is critically needed to guide
specific interventions. Until then, more aggressive measures
for health promotion and disease prevention are essential to
improve long-term survival for PWH after TB treatment.
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