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Abstract

Background Tuberculosis (TB)-associated mortality in South Africa remains high. This review aimed to systematically
assess risk factors associated with death during TB treatment in South African patients.

Methods We conducted a systematic review of TB research articles published between 2010 and 2018. We searched
BioMed Central (BMC), PubMed®, EBSCOhost, Cochrane, and SCOPUS for publications between January 2010 and
December 2018. Searches were conducted between August 2019 and October 2019. We included randomised
control trials (RCTs), case control, cross sectional, retrospective, and prospective cohort studies where TB mortality
was a primary endpoint and effect measure estimates were provided for risk factors for TB mortality during TB treat-
ment. Due to heterogeneity in effect measures and risk factors evaluated, a formal meta-analysis of risk factors for TB
mortality was not appropriate. A random effects meta-analysis was used to estimate case fatality ratios (CFRs) for all
studies and for specific subgroups so that these could be compared. Quality assessments were performed using the
Newcastle-Ottawa scale or the Cochrane Risk of Bias Tool.

Results We identified 1995 titles for screening, 24 publications met our inclusion criteria (one cross-sectional study, 2
RCTs, and 21 cohort studies). Twenty-two studies reported on adults (n = 12561) and two were restricted to children
< 15 years of age (n = 696). The CFR estimated for all studies was 26.4% (Cl 18.1-34.7, n = 13257 ); 37.5% (Cl 24.8-50.3,
n = 5149) for drug-resistant (DR) TB; 12.5% (Cl 1.1-23.9, n = 1935) for drug-susceptible (DS) TB; 15.6% (Cl 8.1-23.2,

n = 6173) for studies in which drug susceptibility was mixed or not specified; 21.3% (Cl 15.3-27.3, n = 7375) for people
living with HIV/AIDS (PLHIV); 19.2% (Cl 7.7-30.7, n = 1691) in HIV-negative TB patients; and 6.8% (Cl 4.9-8.7, n = 696)
in paediatric studies. The main risk factors associated with TB mortality were HIV infection, prior TB treatment, DR-TB,
and lower body weight at TB diagnosis.

Conclusions In South Africa, overall mortality during TB treatment remains high, people with DR-TB have an elevated

risk of mortality during TB treatment and interventions to mitigate high mortality are needed. In addition, better pro-
spective data on TB mortality are needed, especially amongst vulnerable sub-populations including young children,
.
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adolescents, pregnant women, and people with co-morbidities other than HIV. Limitations included a lack of prospec-
tive studies and RCTs and a high degree of heterogeneity in risk factors and comparator variables.

Systematic review registration The systematic review protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) under the registration number CRD42018108622. This study was funded
by the Bill and Melinda Gates Foundation (Investment ID OPP1173131) via the South African TB Think Tank.

Keywords TB mortality, Case fatality, Risk factors, Systematic review, South Africa

Background

A tuberculosis (TB) death is defined as any death during
an episode of TB, regardless of treatment or the under-
lying cause of death [1]. This may include death before
or during TB treatment but does not include death after
successful completion of antituberculosis treatment [1].
In 2021, the World Health Organization (WHO) esti-
mated that 10.6 million people developed TB worldwide
and approximately 1.6 million TB deaths occurred [2].
This included an estimated 304,000 incident cases of TB
and 23,000 HIV-negative and 33,000 HIV-positive TB
deaths in South Africa [2].

The End TB strategy aims to reduce the annual number
of TB deaths (as reported in 2015) by 75% by 2025 and by
95% by 2035, for a reduction in TB CFR from 15% to 6.5%
by 2025 [3]. Interim progress against these ambitious tar-
gets is measured by evaluating whether milestones have
been reached within particular time frames [3]. By 2019,
South Africa had reached milestones set for reducing TB
incidence but not for reducing TB CFR [4], and a TB CFR
of 19% was estimated for 2020 [2]. Although the propor-
tion of all deaths due to TB in South Africa has declined
from 6.5% in 2016 to 6% in 2018, TB remains the leading
cause of death in South Africa [5].

In a systematic review of risk factors for mortality in
people on TB treatment globally between 1966 and 2010,
two distinct epidemics dependent on TB/HIV burden
were described [6]. In high TB/HIV regions HIV posi-
tivity, the presence of atypical changes on X-ray, sputum
smear-negative disease, advanced immunosuppression,
and malnutrition were identified as risk factors for mor-
tality. In settings with low TB/HIV prevalence, increased
age, typical features of severe TB on chest radiograph,
smear positivity and low socioeconomic status were iden-
tified as risk factors [6]. In South Africa, a country with
a high burden of TB, HIV, and DR-TB, individual stud-
ies have identified co-infection with HIV [7-12]; failing
to start treatment following a TB diagnosis [13]; undiag-
nosed TB (found at post mortem) [14, 15]; drug resist-
ance [11, 16—-18]; and co-morbidities like diabetes [19] as
important risk factors for TB mortality. However, there is
no comprehensive review of the risk of TB mortality or
the relative importance of risk factors for TB mortality in
South Africa. National TB policymakers have prioritised

understanding TB mortality in South Africa and the anal-
ysis of data from 2010 onwards.

We aimed to identify risk factors for TB mortality
during TB treatment in South Africa for patients with
DS-TB, DR-TB, with and without HIV, and for adult and
paediatric populations.

Methods

Identification and selection of papers

This systematic review is reported according to PRISMA
guidelines (Additional file 1: PRISMA 2020 ChecKklist)
[20-22]. An initial search using “Tuberculosis” AND
[“treatment outcomes” OR “death” OR “mortality” OR
“poor outcome”] AND [“risk factors” OR “determinants”
OR “predictors” OR “contributing factors”] AND [“South
Africa” OR “Southern Africa” OR “Sub-Saharan Africa”
OR “Africa”] was run across BioMed Central (BMC),
PubMed®, EBSCOhost, Cochrane, and SCOPUS for
publications between January 2010 and December 2018.
Searches were conducted between August 2019 and
October 2019.

Titles were screened and duplicates identified and
removed. Unique titles were reviewed, and studies
excluded if they did not investigate risk factors for mor-
tality in TB patients, were in vitro or animal studies, or
were review, editorial, opinion, comment, response, or
other non-data driven article-types. Concurrent work
evaluating mortality using data from a comprehensive
programmatic dataset of South African TB treatment
registers was in progress at the time of the review [23, 24]
and to prevent duplication of findings from the same data
sources, studies based on the routine programmatic TB
registers (ETR.Net or EDRWeb) were excluded from our
review. During the abstract review process, two reviewers
excluded further articles based on initial exclusion crite-
ria used for screening titles: mortality not being a defined
outcome for the study, a focus on all-cause mortality
instead of mortality associated with TB, very narrow
sampling criteria, or research designs other than clinical
cohort, cross-sectional, or case comparison. We did not
set any exclusion criteria for timing of death, before or
during TB treatment. Studies were grouped for synthesis
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794 excluded
¢ Duplicates

e 333 not in South Africa

¢ 18 not human participants
¢ 95 not a research article
.

72 not in South Africa
10 not human participants
146 not a research article

209 mortality not an endpoint/ defined outcome
15 no TB population mortality
33 study design not clinical cohort, cross-sectional or case

11 not in South Africa
5 not a research article

20 mortality not an endpoint/ defined outcome
32 no TB population mortality

6 narrow sampling

4 comparisons between non-equivalent groups
7 relevant statistics not reported

6 mortality grouped with other poor outcomes

1201
unique titles
521 excluded
—_—
75 not TB-related
680 512 luded
abstracts 12 exciuce
P e 27 not TB-related
168 comparison
full texts
144 excluded
—
e 22 not TB-related
24 .
full texts for data .
extraction i

31 routine programmatic data

Fig. 1 Flow diagram outlining the selection of studies included in systematic review

by subgroup and TB mortality risk factors to determine
comparability.

Data abstraction and analysis
We conducted data abstraction via online survey using
Research Electronic Data Capture (REDCap) [25]. Data
included year of publication; TB drug susceptibility test
(DST) pattern; eligible population; age groups; sampling
strategy; sample size; definition of TB death or CFR; TB
treatment and duration; risk factors for death including
effect measures and 95% confidence intervals (CI); and
the limitations of the study (full list presented in Addi-
tional file 1: Complete list of outcomes and variables for
which data were sought). Each article was independently
reviewed by two of 23 researchers, and any disagreement
was resolved in discussion with the principal investigator.
Data extracted were tabulated and subgroups and com-
parability of risk factors assessed. Due to heterogeneity
in effect measures and risk factors evaluated, a formal

meta-analysis of risk factors for TB mortality was not
appropriate. We conducted a random effects meta-anal-
ysis using the restricted maximum likelihood estimation
method to establish CFRs for all studies and for specific
subgroups to contribute to our understanding of mortal-
ity risk factors; however, this was not an original aim of
the study. One author assessed the quality of evidence
for case control and cohort studies using the Newcastle-
Ottawa scale (NOS) [26] and used the Cochrane Risk of
Bias Tool [27] to assess the quality of randomised control
trials (RCTs).

Results

Literature search results

We identified 1995 titles for screening and 24 publica-
tions met our inclusion criteria (Fig. 1). Study designs
included retrospective studies (n = 13), prospective
cohort studies (# = 8), two RCTs and one case control
study.
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Methodological quality of studies included

Based on the NOS, most cohort studies (n = 21) rated
well overall, as well as for selection criteria, comparabil-
ity, and outcomes. However, in relation to loss to follow-
up (LTFU), seven studies either reported attrition greater
than 10% without demonstrating a lack of systematic dif-
ference between those followed and those LTFU or did
not report the number of those LTFU (Additional file 1:
Table 1). The two RCTs performed well overall and were
rated as low risk, but a lack of blinding was a possible
source of bias for both (Additional file 1: Table 2). The
case control study scored six out of a maximum of eight
points (Additional file 1: Table 3).

Study characteristics

There was heterogeneity in effect measures with risk
factors reported as hazard ratios (HRs), incidence rate
ratios (IRR), odds ratios (ORs), and risk ratios (RRs).
Twelve studies reported exclusively on DR-TB, and this
accounted for 39% of all patients (5149/13257). Of the
three studies reporting exclusively on DS-TB, one was of
miners and one of children. The remaining nine studies
included four on patients with mixed DST patterns and
five where the DST was not specified. Only two studies
represented children, and these were restricted to very
specific populations. The first was of children (defined as
0-13 years) with TB meningitis (TBM) [46] and the sec-
ond of children (defined as 0-15 years) living with HIV
but not on ART [49]. Nine of the studies were restricted
to PLHIV and 14 of the remaining 15 studies included
HIV as a variable. Only single studies evaluated factors
like renal impairment [43], bilateral cavitary disease [28],
and adverse events [35] (Table 1).

Reporting of TB diagnosis, treatment regimens and
time to death across studies was inconsistent: all studies
reported some element of laboratory confirmation, but
this varied with the reporting of smear, culture, and Gen-
eXpert MTB/RIF assay (Xpert; Cepheid, Sunnyvale, CA);
14 studies described treatment regimens; 13 the duration
of treatment; 9 time from treatment initiation to death;
4 time from diagnosis to death; and 2 reported place of
death (Table 2). The CFR estimated for all studies was
26.4% (CI 18.1-34.7, n = 13257); 37.5% (CI 24.8-50.3,
n = 5149) for DR-TB; 12.5% (CI 1.1-23.9, n = 1935)
for DS-TB; 15.6% (CI 8.1-23.2, n = 6173) for studies in
which drug susceptibility was mixed or not specified and
6.8% (CI 4.9-8.7, n = 696) in paediatric studies. There
was little difference in CFRs estimated for PLHIV (21.3%,
CI 15.3-27.3, n = 7375) and HIV-negative TB patients
(19.2%, CI 7.7-30.7, n = 1691); this is because five of
six studies reporting on HIV-negative patients were
restricted to DR-TB patients, elevating the CFER for this
subgroup (Figs. 2 and 3).
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Case fatality ratios

In the three studies reporting on individuals with
DS-TB, 67% (1302/1935) of patients were included
from a single study of adult miners [48] and 33%
(633/1935) were PLHIV. The highest CFR (26.7%,
16/60) was reported during hospitalisation for PLHIV
with CD4 counts < 350 cells/mm?® and included death
due to suspected bacterial sepsis and disseminated TB
[34]. In that study, all patients had started TB treatment
within a median of 1 day from diagnosis and 31% of TB
patients who died were on ART [34]. In the single study
of children with DS-TB the CFR was 6.5% and included
seven children with HIV who died prior to initiat-
ing antiretroviral therapy (ART). These children died
between 2004 and 2008 prior to universal ART access
[49] (Table 3).

Twelve studies reported on individuals with DR-TB
studies (n = 5149), the lowest CFRs were reported for
a small sample of HIV-negative patients (CFR = 5.4%,
3/56) [44] and those receiving treatment at centralised
hospital sites (CFR = 6.8%, 30/441) [45]. The highest
CFR was reported for a cohort of people with extensively
drug-resistant (XDR) TB diagnosed between 2002 and
2008 after 5 years of follow up (CFR = 72.9%, 78/107;
Table 3) [17]. In studies restricted to PLHIV (n = 9)
the highest CFRs were reported for a small sample of
patients who had a positive urinary lipoarabinomannan
(u-LAM) test (CFR = 24.5%, 13/53) [39] and patients
with DR-TB who were on ART prior to initiating TB
treatment (CFR = 21.8%, 119/545) [35]. The factors
associated with low CFRs were the same as those noted
in studies of DS-TB; with ART initiated during TB treat-
ment associated with a lower CFR of 5.8% (25/429) [47]
(Table 3). In the two studies restricted to children, the
CFR in those with TBM was 8.9% (11/123) [46], and 6.3%
(7/112) [49] among children with HIV, prior to ART ini-
tiation (Table 3). Unknown TB treatment outcomes were
reported in 10 studies. CFRs were higher when restricted
to TB patients with known outcomes (Table 3).

Timing of mortality

Nine studies described the time to death from treatment
initiation [17, 28, 31, 33-35, 41, 45, 49]. Where time was
reported continuously, Kaplan-Meier survival curves
were shown over 12 [28] or 24 months [31] and in three
studies the median time to death was reported for spe-
cific groups [35, 45, 49]. Among 573 ART-naive children
with HIV, treated for TB between 2004 and 2008, 37
children died after a median of 62 days of TB treatment,
including seven children who died before ART initiation
and 30 who died after ART initiation [49]. Where DR-TB
treatment was provided between 2008 and 2009 in dif-
ferent settings, the median time to death was 43 days for
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Table 2 Frequency of reported key diagnostic and treatment
variables among included studies, South Africa, 2010-2018
(n=24)

Numberof %

studies
Method of TB diagnosis
Clinical 6 250
Chest radiograph 5 20.8
Laboratory * 24 100.0
- Smear 10° 417
- Culture 21¢° 87.5
- Xpert 6° 25.0
Not reported 10 42
Other 2 83
Treatment regimen described 14 583
Place of death reported 2 8.3
Duration (timing)
- Between diagnosis and death 4 16.7
- Between treatment initiation and death 9 375
- Of treatment 13 542

TB tuberculosis

2 Laboratory diagnosis is a subset of method of TB diagnosis. Some studies
reported performing more than one type of laboratory diagnosis. The sum of
these diagnostics therefore exceeds the total number of studies reported

b One study included 23% (959/4162) of TB patients with no data on the method
of diagnosis [41]

those treated at centralised sites compared to 85 days
for those treated at decentralised sites [45]. Considering
the timing of ART in patients with multidrug-resistant
(MDR)-TB treated between 2007 and 2010, the median
time to death for those on ART prior to TB treatment
was 139 days compared to 321 days for those starting
ART after TB treatment [35]. Where time to death from
treatment initiation was classified categorically, this var-
ied with deaths reported per month of treatment [41] or
at varied time points [17, 33, 34] after starting TB treat-
ment. Survival curves were reported in three studies and
time periods varied from 3 months to 3 years [18, 39, 44].
When analysing subgroups, a median survival from diag-
nosis of 42 days for patients with MDR-TB and 19 days
for patient with XDR-TB was reported for patients
treated between 2005 and 2006 [18].

Risk factors for TB mortality

We broadly characterised risk factors as demographic,
baseline clinical characteristics, TB disease-related, TB
treatment-related and HIV-related. However, factors fall-
ing into these categories were varied, some being unique
to studies focusing on a sub-population (Additional file 1:
Tables 4-7).
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Demographic factors

Age was referenced in eight studies [17, 28, 33, 36, 41, 44,
45, 49]. The individuals with the highest risk for death
were 25—42-year-old adults with XDR-TB, as compared
to individuals < 25 years old with XDR-TB (aOR 3.5, 95%
CI 1.3-9.6) [28]. Sex was evaluated in eight studies, but
results were mixed and not significant [17, 18, 33, 35, 36,
39, 44, 46] (Additional file 1: Table 4).

Clinical factors

Weight was evaluated in three studies. Lower weight at
TB diagnosis decreased the odds of survival among TB
patients with XDR-TB [28]; being underweight (BMI
16-18.49 kg/m?) or severely underweight (BMI < 16 kg/
m?) compared to those with a normal BMI (BMI 18.5 kg/
m?-24.9 kg/m?) increased the odds of mortality among
adults with DR-TB [35]; and in ART-naive children with
HIV being severely underweight (weight-for-age Z-score
<— 3) was associated with greater hazard of mortality
[49] (Additional file 1: Table 5). A history of previous TB
was reported as a risk factor for mortality in four studies
[28, 30, 32, 41]. The greatest risk was reported for indi-
viduals with XDR-TB who had previously received MDR-
TB treatment compared with those that had not (aHR
5.2, 95% CI 1.9-14.1) [32]. In a study restricted to South
African miners, one or more previous TB episodes was
associated with higher risk of mortality in the first month
of treatment (aIRR 2.2, 95% CI 1.5-3.3) and in months
2-6 of treatment (alRR 1.5, 95% CI 1.2-1.8) [41]. Specific
elements of the diagnosis of TB were assessed as risk fac-
tors in eight studies [18, 28, 33, 35, 39, 41, 44, 48], six of
which reported significant results. The greatest effect was
in a group of South African miners treated for TB with
microbiological data, where a ‘possible’ TB diagnosis
(defined as a negative culture and/or smear) was associ-
ated with a greater risk of death within the first month of
TB treatment compared to those with a ‘confirmed’ TB
diagnosis (defined as a positive culture) (aIRR 6.3, 95%CI
3.2-12.4) [41]. Patients with positive uLAM results com-
pared to those with negative results had a greater risk of
death (aHR 4.2, 95% CI 1.5-11.8) [39] and adults with
sputum smear-positive DR-TB were at increased risk
compared to those with smear-negative disease (HR 3.3,
95% CI 2.1-5.6). Drug resistance was evaluated as a risk
factor in four studies [18, 29, 39, 46]. The greatest risk
associated with mortality was reported in a study of chil-
dren with culture confirmed TBM where children with
DR-TB had a higher risk for mortality compared to those
with DS-TB (aOR 63.9, 95% CI 4.8—843.2) [46]. In a study
of TB patients with MDR- and XDR-TB between 2005
and 2006, resistance to more drugs was associated with
an increased hazard of mortality [18]. Site of disease was
associated with risk of mortality in two studies, both of
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which reported lower risk in those with extrapulmonary
TB when compared to those with pulmonary TB alone
[41, 43]. Additionally, in individual studies TB molecular
genotypes [36] and the setting of diagnosis (hospital vs
ambulatory care) were evaluated [42] (Additional file 1:
Table 5). Baseline haemoglobin > 10 g/dL (HR 0.2, 95%
CI 0.1-0.6) [43] and culture conversion in patients with
XDR-TB, with final follow up sputum as conversion (HR
0.1, 95% CI 0.1-0.3) or reversion (HR 0.2, 95% CI 0.1—
0.5) had a protective effect on mortality [17] (Additional
file 1: Table 5).

Treatment-related factors

Drugs and regimens used for treating DR-TB were con-
sidered in five studies [17, 28, 29, 32, 35]. The use of
ethambutol in XDR-TB treatment regimens among
PLHIV was associated with an increased risk of mortal-
ity (HR 3.1, 95% CI 1.0-9.7) [17]. A significant protective
effect was reported for increasing the number of drugs
included in XDR-TB regimens (HR 0.6, 95% CI 0.5-0.8)
[32] as well as the use of specific drugs (clofazimine and
moxifloxacin) (Additional file 1: Table 6).

HiV-related factors

HIV status (independent of ART) was reported as a risk
factor in six studies [17, 28-30, 33, 46]. The greatest risk
of mortality was reported in miners living with HIV not
on ART (alIRR 3.6, 95% CI 1.9-6.7 for death in the first
month of TB treatment and aIRR 7.8, 95% CI 5.2 to 11.8
2-6 months after starting TB treatment) [41]. In addi-
tion, co-infected adults with XDR-TB (aOR 2.9, 95% CI
1.3-6.3 [29]) or MDR-TB (HR 1.9, 95%CI 1.0-3.6) had
an increased risk of mortality. For children with TBM,
HIV was associated with an increased risk of mortal-
ity, but this effect was not significant in the final model
when adjusted for drug resistance (aOR 6.2, 95% CI
0.9-41.3) [46]. CD4 count was evaluated as a risk factor
in eight studies [18, 30, 35, 38, 40, 42, 44, 49] and found
to be associated with mortality in six [18, 30, 38, 40, 42,
44]. Three of these studies analysed CD4 count as a con-
tinuous variable and reported increased risk of death as
CD4 counts fell. The other three studies considered CD4
count categorically and the greatest effect was reported
in adults living with HIV with CD4 < 100 cells/mm?® com-
pared to CD4 > 100 cells/mm?® (aOR 18.0, 95% CI 1.5-
210.6) [38]. Two studies reported the effect of HIV viral
load [42, 49] with viral suppression (< 5 log copies/ml)
associated with decreased risk of mortality in children
with HIV (HR 0.4, 95% CI 0.2-0.9) [49]. In adults with
XDR-TB, initiating ART was associated with reduced risk
of mortality in three studies (HR 0.1, 95% CI 0.0-0.5 [17],
aHR 0.3, p value = 0.009 [18], and HR 0.4, 95% CI 0.2-0.8
[32]). Not being on ART was associated with increased
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risk of death compared to HIV-negative individuals (OR
2.5,95% CI 1.0 to 6.3) [28]. Timing of ART was evaluated
in patients with MDR-TB and initiating ART before initi-
ating TB treatment was associated with increased risk of
mortality (OR 1.7, CI 95% 1.0-2.7) [35] (Additional file 1:
Table 7).

Discussion

Despite TB being preventable, treatable, and curable, in
this systematic review we found that one in four South
African patients with a TB diagnosis died. This is higher
than the 15% (or one in seven) reported by the WHO for
2018 (in their most recent estimates of TB burden, gener-
ated for the Global Tuberculosis Report), because WHO
numbers reflect estimates for all incident TB whereas
our review is restricted to those on TB treatment, and
because the WHO estimate includes deaths prior to TB
notification and reflects deaths over a one-year period
whereas our review includes some studies with greater
periods of follow up and specific populations with higher
risk of mortality [2, 50].

In our review, the risk of mortality was highest among
patients with DR-TB, where death was observed in more
than a third of all patients. In contrast, in those diagnosed
with DS-TB, the risk was lower, with death observed
in one in eight patients. Risk of mortality was equal
for PLHIV and HIV-negative TB patients, with death
observed in one in five patients in each group; however,
this is because the pooled CFR for the HIV-negative
group is based primarily on studies of DR-TB patients.

Individual studies included in this review indicate that
HIV remains a major risk factor for TB mortality. This
is in line with findings from previous studies as well as
a national study evaluating treatment outcomes of all
TB patients started on treatment, reporting that patients
with HIV on ART had a greater hazard of death com-
pared to patients without HIV, and those not on ART
had two-threefold increased risk of mortality compared
to patients who were HIV-negative [23, 24, 51]. In our
systematic review, the protective effect of ART on TB
mortality relates to patients treated between 1995 and
2012, a period when ART was not available for all PLHIV,
including TB patients. Earlier work has shown that
unknown HIV status is associated with increased risk of
mortality compared to a negative status [8, 51], possibly
as PLHIV had an unknown status and were not accessing
ART. Our study findings are aligned with a meta-analysis
reporting that ART during TB treatment reduced mor-
tality by 44-71% [52]. In addition to ART timing, our
study emphasizes the important protective role of viral
suppression on ART against mortality; the extremely
high CFR reported among hospitalised HIV-positive
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individuals with low CD4 counts < 350 cells/mm? from
suspected bacterial sepsis and disseminated TB, under-
scores the impact of failure to timeously diagnose and
initiate treatment in patients for both TB and HIV, and
possibly delayed patient health seeking behavior. In
South Africa, the response to treating HIV and TB has
shifted considerably with all PLHIV eligible for ART as of
2016 [53]. This increased access to ART is likely to reduce
mortality in TB patients, but studies in our review did
not cover this period.

Previous TB treatment was reported as a risk factor in
two studies we reviewed [28, 32]. Studies of routine data
have also shown significant associations between previ-
ous treatment history and increased TB mortality [8, 23,
24, 51], suggesting this may relate to the proportion of
undiagnosed DR-TB in patients with previous TB treat-
ment [8], a higher likelihood of extensive lung damage,
and previous TB episode-related co-morbidities [51].
Drug regimens administered to TB patients may impact
the risk of mortality, but these effects are unclear. As all
DR-TB treatment outcomes were reported for 2015 or
earlier, our review did not include the use of bedaquiline,
delamanid, or newer shorter regimens for DR-TB but
indicated protective effects for moxifloxacin, clofazimine,
and the number of drugs included in XDR-TB treatment
regimens [32]. These results have been confirmed in
patients with HIV and DR-TB, treated with at least one
WHO DR-TB Group A drug (moxifloxacin, levofloxa-
cin, bedaquiline, or linezolid), who were at a significantly
lower risk of death compared to those not treated with
a group A drug [54]. Ethambutol was reported to have
a threefold increased risk of mortality in the small sam-
ple of XDR patients with HIV [17]; however, this is likely
reflective of a period where patients had limited treat-
ment options rather than the effect of the drug.

Multiple studies reported advancing age increasing
the risk of mortality in adults [28, 33, 41, 44]; especially
for those over 50 years. This is comparable to studies
conducted on smaller segments of the South African
population [8, 51] as well as the study of the National
TB treatment register for DS-TB [24] and indicates that
older patients may have differing treatment needs. This is
also reflective of changing trends in the profile of people
dying from TB in South Africa, with mortality decreasing
in those under 50 years, but increasing in older patients
[55]. Although mixed results for sex and mortality [8,
24, 51, 56] are reported, results from the analyses of the
National TB treatment register and mortality registra-
tions indicate that men are more likely to die from TB
than women [24]. While this may reflect biological differ-
ences, it is in part attributed to women’s higher participa-
tion in HIV-related services [24, 55], better adherence to
TB treatment and lower risk of LTFU [51].
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A strength of this systematic review is that we included
studies with moderate to large samples of TB patients that
were reasonably representative of target study populations;
that used medical records and other objective measures to
establish exposure and outcomes; and sampled comparison
groups from comparable sources. Multiple factors com-
promised the quality of the evidence, including the lack of
prospective studies and RCTs, and the reliance on statisti-
cal procedures rather than sampling or design strategies
to control for potential confounders. This increased the
potential for unknown systematic bias. Inconsistency in
risk factors and comparator variables made it difficult to
assess the quality for each of the outcomes. Variances could
not be pooled and estimated across studies, and we were
unable to perform a meta-analysis of risk factors for TB
mortality. A further limitation is that collectively the stud-
ies in this review do not accurately represent the popula-
tion of people with TB in South Africa. In this review, the
proportion of patients with DR-TB or living with HIV was
much higher than estimated for South Africa and the pro-
portion of children was under-represented. In our review
41% of TB patients included were miners in South Africa,
but we had insufficient data to evaluate additional risk fac-
tors for mortality in this population such as silicosis. This
review did not provide sufficient data to consider co-mor-
bidities and final causes of death, nor was there sufficient
data relating to sociostructural determinants of health
such as those related to socioeconomic status, healthcare
system access and quality and behavioural factors (e.g.
cigarette smoking). Finally, this study evaluated studies
published between 2010 and 2018 and included data on
patients treated between 1995 and 2015. We acknowledge
that this does not include earlier studies which may inform
the results, nor does it include studies which address the
impact of COVID-19 on TB mortality.

Conclusions

Introducing standardised variables and minimum report-
ing requirements for TB cohorts would support future
comparative work. We recommend at a minimum includ-
ing sex; age with WHO age bands as a minimum; weight,
including BML, HIV status including HIV unknown,
negative, and positive with an indication of ART regimen
and timing; immune suppression with CD4 counts; diag-
nostic tests used with DST; and the place or level of care
where the diagnosis was made. Published articles should
include explicit statements about follow-up and the
duration of follow-up and should include all WHO TB
treatment outcome categories with descriptors of those
who are LTFU. While sex was not identified as a defini-
tive risk factor for TB mortality, specific interventions
which target improvements in case finding and retention
in care should focus on the differing needs of males and
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females. Based on existing evidence it is important to
further examine the impact of factors such as pregnancy,
diabetes mellitus, heart disease, chronic lung disease,
and malignancy, which are associated with increased TB
mortality [6, 57-60]. Further, we note the limited data on
TB mortality and risk factors for mortality in children
and adolescents indicating the importance of further
studies of these groups. Additional studies on how soci-
ostructural determinants of health impact TB mortality
outcomes are also needed. Finally, given the likely impact
of COVID-19 on TB and TB mortality, we recommend
that an additional review be conducted to examine this.
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