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Summary

Background Physical sequelae related to multi-drug resistant tuberculosis (MDR-TB) and extensively drug-resistant
tuberculosis (XDR-TB) are emerging and under-recognised global challenges. This systematic review and meta-
analysis aimed to quantify the prevalence and the types of long-term physical sequelae associated with patients
treated for MDR- and XDR-TB.

Methods We systematically searched CINAHL (EBSCO), MEDLINE (via Ovid), Embase, Scopus, and Web of Science
from inception through to July 1, 2022, and the last search was updated to January 23, 2023. We included studies
reporting physical sequelae associated with all forms of drug-resistant TB, including rifampicin-resistant TB (RR-TB),
MDR-TB, Pre-XDR-TB, and XDR-TB. The primary outcome of interest was long-term physical sequelae. Meta-
analysis was conducted using a random-effect model to estimate the pooled proportion of physical sequelae. The
sources of heterogeneity were explored through meta-regression using study characteristics as covariates. The
research protocol was registered in PROSPERO (CRD42021250909).

Findings From 3047 unique publications identified, 66 studies consisting of 37,380 patients conducted in 30 different
countries were included in the meta-analysis. The overall pooled estimate was 44.4% (95% Confidence Interval (CI):
36.7-52.1) for respiratory sequelae, 26.7% (95% CI: 23.85-29.7) for hearing sequelae, 10.1% (95% CI: 7.0-13.2) for
musculoskeletal sequelae, 8.4% (95% CI: 6.5-10.3) for neurological sequelae, 8.1% (95% CI: 6.3-10.0) for renal
sequelae, 7.3% (95% CI: 5.1-9.4) for hepatic sequelae, and 4.5% (95% CI: 2.7-6.3) for visual sequelae. There was
substantial heterogeneity in the estimates. The stratified analysis showed that the pooled prevalence of hearing
sequelae was 26.6% (95% CI: 12.3-40.9), neurological sequelae was 31.5% (95% CI: 5.5-57.5), and
musculoskeletal sequelae were 21.5% (95% CI: 9.9-33.1) for patients with XDR-TB, which were higher than the
pooled prevalence of sequelae among patients with MDR-TB. Respiratory sequelae were the highest in low-income
countries (59.3%) and after completion of MDR-TB treatment (57.7%).

Interpretation This systematic review found that long-term physical sequelae such as respiratory, hearing,
musculoskeletal, neurological, renal, hepatic, and visual sequelae were common among survivors of MDR- and
XDR-TB. There was a significant difference in the prevalence of sequelae between patients with MDR- and XDR-
TB. Post-MDR- and XDR-TB treatment surveillance for adverse outcomes needs to be incorporated into the
current programmatic management of MDR-TB to enable early detection and prevention of post-treatment sequelae.
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Research in context

Evidence before this study

The burden of physical sequelae among Multidrug-Resistant
Tuberculosis (MDR-TB) and Extensively Drug-Resistant
Tuberculosis (XDR-TB) is expected to be higher than the
burden from drug-susceptible tuberculosis (DS-TB) due to
the high toxicity and longer duration of MDR- and XDR-TB
treatment. We performed systematic searches in CINHAL
(EBSCO), MEDLINE (via OVID), Embase, Scopus, and Web of
Science databases from inception until July 01, 2022,
without language restrictions using keywords related to
“MDR-TB", “XDR-TB” and “sequelae”. One meta-analysis
combined with 131 studies showed that the global pooled
prevalence of long-term disabilities among patients with
DS-TB was 15-60%. Another meta-analysis reported the
prevalence of mental health disorders, social stressors, and
health-related quality of life in patients with MDR-TB.
However, we did not identify any systematic review and
meta-analysis that quantified the burden of long-term

Introduction

Globally, Multidrug-resistant tuberculosis (MDR-TB)
and Extensively Drug-Resistant Tuberculosis (XDR-TB)
pose a major threat to human health. Patients treated
with MDR/XDR-TB are at higher risk of long-term
sequelae, which arise because of the disease process
or side effects related to the use of second-line drugs.’
For instance, respiratory sequelae are mainly caused
by the progression of the disease process.>* On the other
hand, hearing sequelae is mainly drug-related sequelae,
particularly to aminoglycoside agents such as Kana-
mycin, Amikacin, and Capreomycin.” One challenge to
tackling MDR/XDR-TB sequelae is a lack of under-
standing of the burden of the problem, as there is no
routine post-treatment follow-up done as part of the
surveillance system, and data are sparse.” The current
World Health Organization (WHO) guidelines for
MDR-TB management define ‘treatment success’ using
microbiological outcomes and survival only. Moreover,
MDR/XDR-TB-associated morbidity remains solely
focused on the period before and during treatment. The
global End-TB strategies neglect post-treatment care and
a lack of follow-up to TB or MDR-TB survivors after
treatment completion.

The treatment of MDR/XDR-TB requires the use of
second-line TB medicines, which provided for longer
than drug-susceptible (DS)-TB (nine months to two
years for MDR-TB, compared to six to nine months) and
include medicines that cause serious adverse events.
Therefore, the burden of physical sequelae is thought to
be higher in patients with MDR- and XDR-TB than in
patients with DS-TB,° although this has not been
empirically quantified. Physical sequelae related to
MDR/XDR-TB also vary according to the affected body

physical sequelae among patients with MDR-TB and XDR-TB
only.

Added value of this study

The findings of our study showed that long-term physical
sequelae (i.e., respiratory, hearing, musculoskeletal,
neurological, renal, hepatic, and visual sequelae) were frequent
among survivors of MDR- and XDR-TB. We found that the risk
of developing physical sequelae was much higher among
patients with XDR-TB than among patients with MDR-TB.

Implications of all the available evidence

Our study findings highlight the prevalence of physical
sequelae among survivors of MDR- and XDR-TB. The strong
relationship between the burden of long-term physical
sequelae and the timing after completion of treatment
indicates the need for incorporating post-MDR- and XDR-TB
treatment surveillance into the current programmatic
management of MDR-TB.

site. For example, people with a history of pulmonary
MDR-TB would suffer from a range of long-lasting
respiratory sequelae: Chronic Obstructive Pulmonary
Disease (COPD), bronchiectasis, chronic pulmonary
aspergillosis, pulmonary hypertension, and pulmonary
fibrosis.”"" Spinal MDR-TB can result in paraparesis
and quadriparesis that occurs due to spinal deformity
and damage to the neural structures, resulting in per-
manent physical sequelae.’*"

Long-term sequelae increase the risk of permanent
disability, premature mortality, ongoing stigma, and
poor quality of life.'* Previous studies demonstrated that
the prevalence of long-term physical sequelae: respira-
tory, visual, neurological, and hearing sequelae, and
mental health disorders were frequently reported
among patients with DS-TB.">'® Studies have also esti-
mated end-of-treatment outcomes for MDR/XDR-TB in
specific locations."”"” There are also systematic reviews
and modeling studies investigating the burden of long-
term sequelae among DS-TB. A recently published
report by Alene et al. on the global burden of TB-related
disability showed that the prevalence of respiratory
function sequelae among survivors of TB ranged from
15 to 60%.” However, previous studies were mainly
focused on DS-TB and presented single estimates
only for MDR-TB, without stratified the analysis by
study level characteristics. Moreover, the previous sys-
tematic review by Alene et al. did not cover physical
sequelae among patients with XDR-TB, and included
studies only published in English and reported data
from 2000 to 2019. To our knowledge, there has not
been a comprehensive study estimating the global
prevalence and identifying the common types of phys-
ical sequelae following MDR- and XDR-TB treatment.
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Quantifying the burden and identifying the type of
sequelae arising as a result of MDR/XDR-TB or their
medications are essential to inform service providers
and policymakers, particularly in countries where MDR-
and XDR-TB are common, in the design of effective
preventive strategies.”’ Therefore, we conducted this
systematic review and meta-analysis to estimate the
pooled proportion of long-term sequelae and identify
the most common types of sequelae among patients
with MDR- and XDR-TB.

Methods

Search strategy and selection criteria

We performed a systematic review and meta-analysis
according to the Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis (PRISMA) guide-
lines.”? The research protocol was registered in
PROSPERO  (CRD42021250909). We  searched
CINAHL(EBSCO), MEDLINE (via Ovid), PsycINFO,
Embase, and Web of science for articles without re-
strictions on language, geography, or year of publication
from the inception of each database to 01 July 2022. The
last search was updated to 23 January 2023 to identify
studies published since our initial search. We used
relevant Medical Subject Heading (MeSH) headings and
keywords for DR-TB and sequelae. Reference lists of
included studies were checked for additional studies.
Additionally, we searched the grey literature using the
Google search engine. Corresponding authors were
contacted by email when additional information was
required. Our search strategy was developed by
consulting a medical librarian. A detailed summary of
all search terms can be found in Supplementary Infor-
mation (Supplementary file: Table S1).

Study selection and eligibility criteria

Studies were eligible for inclusion if they reported any
types of physical sequelae among patients with MDR- or
XDR-TB. Studies that reported at least one of the pri-
mary outcomes (i.e., physical sequelae with a permanent
residual effect, which could include respiratory
sequelae, radiological abnormalities, hearing sequelae,
renal sequelae, hepatic sequelae, blindness, neurological
or other abnormalities). Mental health sequelae were
not included as they were outside the scope of this study
and will be considered in further research. All relevant
studies reporting permanent or long-term physical
sequelae were included in the study. Studies reporting
temporary side effects of medications only were
excluded. We also excluded case reports, case series,
correspondence, reviews, abstracts, and animal studies.
Studies conducted only on drug-susceptible TB or latent
TB were also excluded. We used Google Translate for
non-English language articles.

www.thelancet.com Vol 57 March, 2023

Outcomes of the study

The primary outcome of interest was the prevalence of
any form of physical sequelae that occurred due to
MDR/XDR-TB or its medication, which included but
was not limited to hearing sequelae, respiratory
sequelae, renal sequelae, neurological sequelae, visual
sequelae, hepatic sequelae, and musculoskeletal
sequelae. The primary outcome was measured as the
proportion of patients with MDR and/or XDR-TB who
developed any form of physical sequelae. The definition
of each physical sequelae is summarised in the sup-
plementary document (Supplementary file: Table S2).

Data extraction

All articles identified through our search strategies were
imported into an EndNote Library (Thomson Reuters,
London) and all duplicates were removed. The articles
were then exported to Rayyan software for screening.
Two reviewers (TYA and HFW) independently screened
the titles, abstracts, and full texts to identify eligible
studies. Differences were resolved by discussion with a
third reviewer (KAA). Data from the included studies
were independently extracted by the same two in-
vestigators, and information was collected in a Microsoft
Excel (version 2014) spreadsheet. We collected informa-
tion about the characteristics of the studies (the name of
the first author, year of publication, country of the study,
study setting, and study design), characteristics of the
participants (study population such as MDR-TB, XDR-
TB, or both, mean or median age, the proportion of
participants who were male, sample size, type of MDR/
XDR-TB medications, duration of treatments, and
comorbidities, including HIV and diabetes mellitus
(DM)), and outcomes of interest (type of physical
sequelae, and the proportion of people with the sequela).

Quality assessment

The quality of the included studies was assessed by the
same two researchers (TYA and HFW). The Newcastle—
Ottawa Scale (NOS) was used to assess the methodo-
logical quality and risk of bias for cohort and case—
control studies and a modified version was used for
cross-sectional studies.” The tools contained criteria for
the selection of study groups (4 points), comparability of
groups (2 points), and ascertainment of the outcome of
interest (3 points). The tools allocated scores ranging
from zero to nine, with low (1-4), medium (5-7), and
high (8-9) quality groupings.

Data synthesis

Owing to the heterogeneity between studies, meta-
analysis was performed using random-effects models
for each of the long-term sequelae when two or more
studies were available for the outcome of interest. The
pooled prevalence and 95% confidence intervals (CI)
were presented as summary effect estimates for each
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type of sequelae. The sources of heterogeneity were
explored through meta-regression using study charac-
teristics as covariates. An adjusted odds ratio with a 95%
CI was used to interpret the findings. Sub-group anal-
ysis was conducted by drug-resistant type, region, the
timing of sequelae, study design, countries’ income
level, and HIV prevalence. We assessed publication bias
by visual inspection of funnel plots and Egger’s regres-
sion test. The analyses were performed by STATA
version 17 software. Finally, sensitivity analysis was
performed by trimming low-quality studies.

Ethics

Ethical review was not applicable since it was a sys-
tematic review and meta-analysis of the data from
published literature.

Role of the funding source

The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.

Results

Search results

A total of 5498 records were identified from the database
searches. After removing duplicates, 3047 unique pub-
lications were screened by title and abstract and 247
publications were eligible for full-text review. After a
full-text review, 66 publications (comprising 184
datasets)*”'"*** including data on 37,380 patients were
included (Fig. 1).

Characteristics of included studies
The characteristics of the included studies are sum-
marised in Table 1. The studies were conducted in 30
different countries and the data were collected from
1995 to 2022. Among the included studies, 30 (16.3%)
studies were from India, 29 (15.8%) were from South
Africa, and 15 (8.2%) were from China. The mean/
median age of study participants was 35.66 years, with a
standard deviation of 9.8 years. Nearly two-thirds
(63.3%) of cases were males. Nearly two-thirds (64.1%,
n = 118) of studies included MDR-TB only, 14.7%
(n = 27) of studies included both MDR- and XDR-TB,
11.4% (n = 21) of studies were unclassified, and 9.8%
(n = 18) of studies included XDR-TB only.
Approximately half of the studies (46.7%, n = 86)
included patients with pulmonary MDR/XDR-TB only
(25.0%, n = 46) studies included both pulmonary and
extrapulmonary, and 3 (1.6%) studies included extrap-
ulmonary MDR/XDR-TB only. However, 49 (26.6%)
studies did not mention the affected body sites. The
HIV status of study participants was reported in 72.3%
(n = 133) of studies, and the prevalence of HIV infec-
tion in these studies varied from 0% to 100%. The re-
view showed that 9.8% (n = 18) of studies were reported
from Low-Income Countries (LICs). The majority,
44.0% (n = 81) and 37.0% (n = 68) studies were re-
ported from lower-middle-income countries (LMICs)
and upper-middle-income countries (UMICs), respec-
tively. All the studies reported the timing of sequelae,
and most studies (92.4%, n = 170) reported that
sequelae occurred during treatment. Only 58 (31.5%) of
included articles had data on the duration of treatment
(Table 1).
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Identification
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:—g ¢ Only report DS-TB (n=3)
= Total studies included (n=66) e Case series and reports
Total datasets included (184) (n=10)
Respiratory sequelaec (19 datasets), hearing e Full-text not  accessible
= sequelae (45 datasets), renal sequelac (28 (n=105)
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3 patic sequelac (24 datasets), visual (16 e QOutcome unrelated or not
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datasets), musculoskeletal (21 datasets), and

clear (n=56)

Fig. 1: Study profile. DS-TB = drug susceptible tuberculosis.
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First Author Publication Country Country Type of DR-TB  Year of data Study design Male proportion  Mean age Sample size
year income collection (%) (years) (n)
Respiratory sequelae
Anthony et al. 2017 Peru UMICs MDR-TB 2014 Prospective cohort 57.6 29 33
Godoy et al. 2012 Brazil UMICs MDR-TB 2008-2012 Cross-sectional 67 43.7 18
Muiioz et al. 2020 Multicounty UMICs MDR- & XDR-TB  2014-2019 Cross-sectional 59.3 43.7 27
Murniati et al. 2020 Indonesia LMICs MDR- & XDR-TB 2017 Cross-sectional 51.7 423 60
Edwin et al. 2020 Uganda LICs MDR-TB 2018 Cross-sectional 60 39 95
Sana et al. 2017 Pakistan LMICs MDR-TB 2014-2015 Cohort 785 455 100
Neeta et al. 2009 India LMICs MDR-TB 2009 Cross-sectional 55.6 335 51
Rupak et al. 2018 India LMICs MDR-TB Cross-sectional 54.3 27.6 46
Syed et al. 2021 Pakistan LMICs MDR- & XDR-TB 2014-2017 Retrospective cohort  NA NA 19
Sergo et al. 2019 Georgia UMICs MDR- & XDR-TB Cross-sectional 57 31 58
Geerligs et al. 2000 Netherlands HICs MDR-TB 1985-1999 Retrospective cohort  70.5 33 44
Piubella et al. 2014 Niger LICs MDR-TB 2008-2010 Prospective cohort 815 31 65
Nianlan et al. 2022 China UMIGCs Unclassified 2008-2017 Retrospective cohort  61.2 45.8 516
Farouq et al. 2021 Nigeria LMICs Unclassified 2018-2020 Prospective cohort 87.2 32 39
Atif et al. 2017 India LMICs MDR-TB 2010-2014 Retrospective cohort  71.2 35.7 147
Gina et al. 2019 Italy HICs MDR- & XDR 2008-2016 Retrospective cohort 58.1 32 74
Aziz et al. 2018 Indonesia LMICs MDR-TB 2013-2015 Cross-sectional 52 39.9 183
Duo et al. 2017 China UMICs MDR-TB 2012-2016 Retrospective cohort  65.2 39 89
Oladimeji et al. 2022 Nigeria LMICs MDR- & XDR 2010-2016 Retrospective cohort  66.93 NA 2555
Hearing impairment
Sana et al. 2017 Pakistan LMICs MDR-TB 2014-2015 Cohort 785 455 100
Sagwa et al. 2016 Nambia UMICs MDR-TB 2015 Cross-sectional 56 45.5 36
Delicia et al. 2016 South Africa UMICs MDR-TB NA Cohort 52 34 52
Jager et al. 2001 Netherlands HICs MDR-TB 1995-2000 Retrospective cohort  73.6 35.7 110
Geerligs et al. 2000 Netherlands HICs MDR-TB 1985-1998 Retrospective cohort  70.5 33 44
Chawangwa 2014 Botswana UMICs MDR-TB 2006-2012 Retrospective cohort 55 38 437
et al.
Kiran et al. 2018 India LMICs MDR-TB 2014-2015 Retrospective cohort  66.7 32 108
Piubella et al. 2014 Niger LICs MDR-TB 2008-2010 Prospective cohort 815 31 65
Rajendra et al. 2015 India LMICs MDR-TB 2009-2010 Prospective cohort 69.4 29.3 98
Lebogang et al. 2012 South Africa UMICs MDR & XDR Not reported Cross-sectional 491 33 53
Sagwa et al. 2015 Namibia UMICs MDR-TB 2004-2014 Retrospective cohort  56.1 36.5 353
Hind et al. 2012 Lesotho LMICs MDR-TB 2007-2011 Retrospective cohort 53 8 19
Kathryn et al. 2016 South Africa UMICs MDR-TB 2012-2014 Retrospective cohort 49 35 94
Usha et al. 2020 India LMICs MDR-TB 2017-2018 Retrospective cohort  73.6 44.97 110
Karen et al. 2013 South Africa UMICs XDR-TB 2014-2015 Retrospective cohort  NA NA 115
Yang et al. 2017 China UMICs MDR-TB 2009-2016 Retrospective cohort  73.2 44 751
Sen et al. 2020 China UMICs MDR-TB 1999-2015 Retrospective cohort 68.6 312 272
Pelden et al. 2021 Bhutan LMICs MDR-TB 2018-2019 Prospective cohort 47.6 283 42
Alexander et al. 2021 Uzbekistan LMICs MDR-TB 2018-2020 Retrospective cohort  70.5 45.6 45
Olusola et al. 2017 Nigeria LMICs Unclassified 2014-2015 Prospective cohort 65.9 34.5 132
Olusola et al. 2017 Nigeria LMICs Unclassified 2014-2015 Prospective cohort ~ 62.9 34.6 70
Jonathan et al. 2020 South Africa UMICs MDR-TB 2011-2015 Prospective cohort 36 33 174
Amber et al. 2017 UK HICs MDR & XDR-TB Retrospective cohort 68 28 93
Muhammad 2017 Pakistan LMICs MDR- & XDR-TB  2014-2015 Retrospective cohort  53.8 37.2 80
et al.
Parvaneh et al. 2011 Iran LMICs MDR-TB 2006-2009 Retrospective cohort 55 40.6 80
Buziashvili et al. 2019 Georgia UMICs MDR- & XDR-TB  2010-2012 Retrospective cohort 65 35.3 147
Atif et al. 2017 India LMICs MDR-TB 2010-2015 Retrospective cohort  71.2 357 147
Safurah et al. 2021 India LMICs MDR-TB 2015-2018 Prospective cohort 76 403 400
Jing et al. 2021 China UMICs MDR- & XDR-TB  2018-2020 Prospective cohort 70 36 1162
Gina et al. 2019 Italy HICs MDR- & XDR-TB  2008-2016 Retrospective cohort  58.1 32 74
Harouna et al. 2019 Niger LICs MDR-TB 2008-2013 Retrospective cohort  82.5 31 120
Hong et al. 2020 South Africa UMICs MDR-TB 2014-2017 Prospective cohort 54 35 1315
Huerga et al. 2017 Kenya LMICs MDR-TB 2006-2012 Retrospective cohort 55 29 169
(Table 1 continues on next page)
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First Author Publication Country Country Type of DR-TB  Year of data Study design Male proportion  Mean age Sample size
year income collection (%) (years) (n)

(Continued from previous page)

Petros et al. 2011 India LMICs MDR-TB 2007-2011 Prospective cohort 56 35 71
Kalpesh et al. 2013 India LMICs MDR-TB 2009-2011 Prospective cohort 62 314 130
Innocent et al. 2020 DR. Congo LICs XDR-TB 2015-2017 Retrospective cohort  56.3 324 32
Kuban et al. 2015 Cameroon LMICs MDR-TB 2008-2012 Prospective cohort 513 337 106
Ronnie et al. 2020 Zimbabwe LMICs MDR-TB 2010-2015 Retrospective cohort  48.6 34 473
Nair et al. 2017 India LMICs MDR-TB 2009-2011 Retrospective cohort 68 NA 788
Seda et al. 2021 Turkey UMICs MDR-TB 2011-2018 Retrospective cohort  73.2 75.9 13
Nesri et al. 2020 South Africa UMICs XDR-TB 2014-2015 Prospective cohort  47.7 33 151
Natasha et al. 2021 Canada HICs MDR- & XDR-TB  2010-2016 Retrospective cohort 55 31 49
Sagwa et al. 2012 Namibia UMICs XDR-TB 2008-2010 Cross-sectional 64 347 59
Koirala et al. 2021 Nepal LMICs MDR-TB 2018-2020 Prospective cohort 718 34 301
Vishal et al. 2016 India LMICs MDR-TB 2012-2014 Prospective cohort 66.7 375 100
Renal impairment

Sana et al. 2017 Pakistan LMICs MDR-TB 2014-2015 Cohort 785 455 100
Jager et al. 2001 Netherlands HICs MDR-TB 1995-2001 retrospective cohort  73.6 377 110
Geerligs et al. 2000 Netherlands HICs MDR-TB 1985-1998 retrospective cohort  70.5 33 44
Rajendra et al. 2016 India LMICs MDR-TB 2009-2010 Prospective cohort 69.4 293 98
Hind et al. 2012 Lesotho LMICs MDR-TB 2007-2011 retrospective cohort 53 8 19
Karen et al. 2013 South Africa UMICs XDR-TB 2002-2008 retrospective cohort  NA NA 115
Yang et al. 2017 China UMICs MDR-TB 2009-2016 Retrospective cohort  73.2 44 751
Aleksande et al. 2021 Uzbekistan LMICs MDR-TB 2018-2020 Retrospective cohort  70.5 45.6 45
llse et al. 2020 South Africa UMICs MDR-TB 2018-2019 Retrospective cohort  59.8 35 62
Jonathan et al. 2021 South Africa UMICs MDR-TB 2011-2016 Prospective cohort 36 33 206
Muhammad 2017 Pakistan LMICs MDR- & XDR-TB  2014-2015 Retrospective cohort  53.8 37.2 80
et al.

Mehari et al. 2019 Ethiopia LICs MDR- & XDR-TB  2010-2017 Retrospective cohort 56.8 28 570
Parvaneh et al. 2011 Iran LMICs MDR-TB 2006-2009 Retrospective cohort 55 40.6 80
Mariana et al. 2021 Georgia UMICs MDR-& XDR-TB  2016-2018 Retrospective cohort  78.3 39.6 73
Buziashvili et al. 2019 Georgia UMICs MDR- & XDR-TB 2010-2012 Retrospective cohort 65 35.3 147
Safurah et al. 2021 India LMICs MDR-TB 2015-2020 Prospective cohort 76 403 400
Jing et al. 2021 China UMICs MDR- & XDR-TB  2018-2020 Prospective cohort 70 36 1162
Gina et al. 2019 Italy HICs MDR- & XDR-TB  2008-2016 Retrospective cohort 58.1 32 74
Harouna et al. 2019 Niger LICs MDR-TB 2008-2013 Retrospective cohort  82.5 31 120
Hong et al. 2020 South Africa UMICs MDR-TB 2014-2017 Prospective cohort 54 35 1313
Huerga et al. 2017 Kenya LMICs MDR-TB 2006-2012 Retrospective cohort 55 29 169
Petros et al. 2011 India LMICs MDR-TB 2007-2011 Prospective cohort 56 35 71
Jackie et al. 2019 South Africa UMICs Unclassified 2015-2016 Retrospective cohort 38 30 32
Nair et al. 2017 India LMICs MDR-TB 2009-2011 Retrospective cohort 68 NA 788
Seda et al. 2021 Turkey UMICs MDR-TB 2011-2018 Retrospective cohort  73.2 75.9 13
Nesri et al. 2020 South Africa UMICs XDR-TB 2014-2015 Prospective cohort  47.7 33 151
Natasha et al. 2021 Canada HICs MDR-& XDR-TB  2010-2016 Retrospective cohort 55 31 49
Yimer et al. 2019 Ethiopia LICs MDR-TB 2012-2014 Cross-sectional 53.6 327 250
Neurological impairment

Geerligs et al. 2000 Netherlands HICs MDR-TB 1985-1998 retrospective cohort  70.5 33 44
Rajendra et al. 2016 India LMICs MDR-TB 2009-2010 Prospective cohort  69.4 293 98
Hind et al. 2012 Lesotho LMICs MDR-TB 2007-2011 retrospective cohort 53 8 19
Karen et al. 2013 South Africa UMICs XDR-TB 2002-2008 retrospective cohort  NA NA 115
Yang et al. 2017 China UMICs MDR-TB 2009-2016 Retrospective cohort  73.2 44 751
Sen et al. 2019 China UMICs MDR-TB 199-2015 retrospective cohort  68.6 31.2 272
lise et al. 2020 South Africa UMICs MDR-TB 2018-2019 retrospective cohort  59.8 35 62
Muhammad 2017 Pakistan LMICs MDR- & XDR-TB  2014-2015 retrospective cohort  53.8 37.2 80
et al.

Mehari et al. 2019 Ethiopia LICs MDR- XDR-TB 2010-2017 retrospective cohort  56.8 28 570
Parvaneh et al. 2011 Iran LMICs MDR-TB 2006-2009 retrospective cohort 55 40.6 80
Mariana et al. 2021 Georgia UMICs MDR- & XDR-TB  2016-2020 retrospective cohort  78.3 39.6 73

(Table 1 continues on next page)
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First Author Publication Country Country Type of DR-TB  Year of data Study design Male proportion  Mean age Sample size
year income collection (%) (years) (n)
(Continued from previous page)
Farouq et al. 2021 Nigeria LMICs Unclassified 2018-2020 Prospective cohort 87.2 32 39
Safurah et al. 2021 India LMICs MDR-TB 2015-2019 Prospective cohort 76 403 400
Jing et al. 2021 China UMICs MDR- & XDR-TB  2018-2020 Prospective cohort 70 36 1162
Gina et al. 2019 Italy HICs MDR- & XDR-TB retrospective cohort  58.1 32 74
Harouna et al. 2019 Niger LICs MDR-TB 2008-2013 retrospective cohort  82.5 31 120
Huerga et al. 2017 Kenya LMICs MDR-TB 2006-2012 retrospective cohort 55 29 169
Petros et al. 2011 India LMICs MDR-TB 2007-2011 Prospective cohort 56 35 71
Kalpesh et al. 2013 India LMICs MDR-TB 2009-2011 Prospective cohort 62 314 130
Innocent et al. 2020 DR. Congo LICs XDR-TB 2015-2017 retrospective cohort  56.3 324 32
Ronnie et al. 2020 Zimbabwe LMICs MDR-TB 2010-2015 retrospective cohort  48.6 34 473
Olatunde et al. 2019 South Africa UMICs XDR-TB 2014-2018 Prospective cohort 61.9 37 63
Seda et al. 2021 Turkey UMICs MDR-TB 2011-2018 retrospective cohort  73.2 75.9 13
Nesri et al. 2020 South Africa UMICs XDR-TB 2014-2015 Prospective cohort  47.7 33 151
Sagwa et al. 2012 Namibia UMICs MDR- & XDR-TB  2008-2010 Cross-sectional 64 347 59
Yimer et al. 2019 Ethiopia LICs MDR-TB 2012-2014 Cross-sectional 53.6 327 250
Hepatic impairment
Sana et al. 2017 Pakistan LMICs MDR-TB 2014-2015 Cohort 785 455 100
Geerligs et al. 2000 Netherlands HICs MDR-TB 1985-1998 Retrospective cohort  70.5 33 44
Kiran et al. 2018 India LMICs MDR-TB 2014-2015 Retrospective cohort 66.7 32 108
Hind et al. 2012 Lesotho LMICs MDR-TB 2007-2011 Retrospective cohort 53 8 19
Yang et al. 2017 China UMICs MDR-TB 2009-2016 Retrospective cohort  73.2 44 751
Sen et al. 2019 China UMICs MDR-TB 1999-2015 Retrospective cohort  68.6 31.2 272
Aleksandr et al. 2021 Uzbekistan LMICs MDR-TB 2018-2020 Retrospective cohort  70.5 45.6 45
llse et al. 2020 South Africa UMIGCs MDR-TB 2018-2019 Retrospective cohort 59.8 35 62
Muhammad 2017 Pakistan LMICs MDR- & XDR-TB  2014-2015 Retrospective cohort 53.8 37.2 80
et al.
Parvaneh et al. 2011 Iran LMICs MDR-TB 2006-2009 Retrospective cohort 55 40.6 80
Mariana et al. 2021 Georgia UMICs MDR- & XDR-TB  2016-2018 Retrospective cohort  78.3 39.6 73
Atif et al. 2017 India LMICs MDR-TB 2010-2016 Retrospective cohort  71.2 35.7 147
Jing et al. 2021 China UMICs MDR- & XDR-TB  2018-2020 Prospective cohort 70 36 1162
Gina et al. 2019 Italy HICs MDR- & XDR-TB  2008-2016 Retrospective cohort 58.1 32 74
Kalpesh et al. 2013 India LMICs MDR-TB 2009-2011 Prospective cohort 62 314 130
Innocent et al. 2020 DR. Congo LICs XDR-TB 2015-2017 Retrospective cohort  56.3 324 32
Keshavjee et al. 2013 India LMICs MDR-TB 2000-2004 Retrospective cohort 82 34 568
Ronnie et al. 2020 Zimbabwe LMICs MDR-TB 2010-2015 Retrospective cohort  48.6 34 473
Nair et al. 2017 India LMICs MDR-TB 2009-2011 Retrospective cohort 68 NA 788
Seda et al. 2021 Turkey UMICs MDR-TB 2011-2018 Retrospective cohort  73.2 75.9 13
Nesri et al. 2021 South Africa UMICs XDR-TB 2014-2015 Prospective cohort 47.7 33 151
Sagwa et al. 2012 Namibia UMICs MDR- & XDR 2008-2010 Cross-sectional 64 347 59
Yimer et al. 2019 Ethiopia LICs MDR-TB 2012-2014 Cross-sectional 53.6 327 250
Koirala et al. 2021 Nepal LMICs MDR-TB 2018-2019 Prospective cohort 71.8 34 301
Visual impairment
Sana et al. 2017 Pakistan LMICs MDR-TB 2014-2015 Cohort 785 455 100
Geerligs et al. 2000 Netherlands HICs MDR-TB 1985-1998 Retrospective cohort  70.5 33 44
Hind et al. 2012 Lesotho LMICs MDR-TB 2007-2011 Retrospective cohort 53 8 19
Karen et al. 2013 South Africa UMICs Unclassified 2002-2008 Retrospective cohort NA NA 115
Yang et al. 2017 China UMICs MDR-TB 2009-2016 Retrospective cohort  73.2 44 751
Aleksandr et al. 2021 Uzbekistan LMICs MDR-TB 2018-2020 Retrospective cohort  70.5 45.6 45
lise et al. 2020 South Africa UMICs MDR-TB 2018-2019 Retrospective cohort  59.8 35 62
Jonathan et al. 2021 South Africa UMICs MDR-TB 2011-2018 Prospective cohort 36 33 187
Farouq et al. 2021 Nigeria LMICs Unclassified 2018-2020 Prospective cohort 87.2 32 39
Atif et al. 2017 India LMICs Unclassified 2010-2013 Retrospective cohort  71.2 35.7 147
Harouna et al. 2019 Niger LICs MDR-TB 2008-2013 Retrospective cohort  82.5 31 120
Innocent et al. 2020 DR. Congo LICs XDR-TB 2015-2017 Retrospective cohort  56.3 324 32
(Table 1 continues on next page)
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(Continued from previous page)
Ronnie et al. 2020 Zimbabwe LMICs MDR-TB 2010-2015 Retrospective cohort  48.6 34 473
Seda et al. 2021 Turkey UMICs MDR-TB 2011-2018 Retrospective cohort  73.2 75.9 13
Nesri et al. 2020 South Africa UMICs XDR-TB 2014-2015 Prospective cohort  47.7 33 151
Sagwa et al. 2012 Namibia UMICs MDR- & XDR-TB  2008-2010 Cross-sectional 64 347 59
Musculoskeletal impairment
Safurah et al. 2021 India LMICs MDR-TB 2015-2021 Prospective cohort 76 403 400
Gina et al. 2019 Italy HICs MDR- & XDR-TB 2008-2016 Retrospective cohort  58.1 32 74
Kalpesh et al. 2013 India LMICs MDR-TB 2009-2011 Prospective cohort 62 314 130
Jackie et al. 2019 South Africa UMICs Unclassified 2015-2016 Prospective cohort 38 30 32
Innocent et al. 2020 DR. Congo LICs XDR-TB 2015-2017 Retrospective cohort  56.3 324 32
Olatunde et al. 2019 South Africa UMICs XDR-TB 2014-2018 Prospective cohort 61.9 37 63
Nesri et al. 2020 South Africa UMICs XDR-TB 2014-2015 Prospective cohort 47.7 33 151
Sagwa et al. 2012 Namibia UMICs MDR- & XDR-TB  2008-2010 Cross-sectional 64 347 59
Rajendra et al. 2016 India LMICs MDR-TB 2009-2010 Prospective cohort ~ 69.4 29.3 98
Piubella et al. 2014 Niger LICs MDR-TB 2008-2010 Prospective cohort 815 31 65
Hind et al. 2012 Lesotho LMICs MDR-TB 2007-2011 Retrospective cohort 53 8 19
Karen et al. 2013 South Africa UMICs XDR-TB 2002-2008 Retrospective cohort  NA NA 115
lise et al. 2020 South Africa UMICs MDR-TB 2018-2019 Retrospective cohort  59.8 35 62
Aleksandr et al. 2021 Uzbekistan LMICs MDR-TB 2018-2020 Retrospective cohort  70.5 45.6 45
Yang et al. 2017 China UMICs MDR-TB 2009-2016 Retrospective cohort  73.2 44 751
Muhammad 2017 Pakistan LMICs MDR- & XDR-TB  2014-2015 Retrospective cohort NA NA 80
et al.
Parvaneh et al. 2011 Iran LMICs MDR-TB 2006-2009 Retrospective cohort 55 40.6 80
Farouq et al. 2021 Nigeria LMICs Unclassified 2018-2020 Prospective cohort 87.2 32 39
Atif et al. 2017 India LMICs MDR-TB 2010-2013 Retrospective cohort  71.2 35.7 147
Huerga et al. 2017 Kenya LMICs MDR-TB 2006-2012 Retrospective cohort 55 29 169
Petros et al. 2011 India LMICs MDR-TB 2007-2011 Prospective cohort 56 35 71

DR.Congo: Democratic Republic of Congo, DR-TB: Drug Resistant Tuberculosis, HICs: High-Income Countries, LICs: Low-Income Countries, LMICs: Lower-Middle-Income Countries, MDR-TB: Multidrug
Resistant Tuberculosis, UK: United Kingdom, UMICs: Upper-Middle-Income Countries, and XDR-TB: Extensively Drug-Resistant Tuberculosis.

Table 1: Characteristics of included studies.

The global prevalence of sequelae and source of
heterogeneity

The most common type of sequelae was respiratory
sequelae (44.40%, 95% CI: 36.70-52.10), followed by
hearing sequelae (26.7%, 95% CI: 23.9-29.7), renal
sequelae (8.1%, 95% CI: 6.3-10.0), neurological
sequelae (8.4%, 95% CI: 6.5-10.3), visual sequelae
(4.5%, 95% CI: 2.7-6.3), hepatic sequelae (7.3% with a
95% CI: 5.1-9.4), and musculoskeletal sequelae (10.1%
7.0-13.2) (Supplementary file: Figs. S2, S4-S9). Other
physical sequelae reported in a few studies were cardiac
failure and multiple organ failure (Table 2).

Large heterogeneity in the prevalence of sequelae
was identified in the included studies. Nine variables
namely: the type of MDR-TB, the country’s income
status, HIV prevalence, the timing of sequelae, WHO
region, study design, median age, Diabetes Mellitus
(DM) status, and site of MDR-TB, were identified as
sources of heterogeneity and used as a primary stratifi-
cation. The pooled prevalence of sequelae did not differ
significantly by any of the following study characteris-
tics: median/mean age of study participants, study

design, Human Immune Deficiency Virus (HIV) status,
and DM status. The results of each physical sequelae
were summarised in Tables 3 and 4.

Respiratory sequelae

A total of 18 papers reported respiratory sequelae, and
the pooled prevalence was 44.40% (95% CIL:
36.70-52.10) Table 2 and Supplementary file, Fig. S2.
The prevalence of respiratory sequelae was 52.3% (95%
CI: 40.0, 64.6) (I* = 100%, p = 0.000) for patients with
MDR-TB, and there was no report among patients with
XDR-TB only. The sub-group analysis finding showed
that the highest prevalence of respiratory sequelae
57.7% (95% CI: 47.3, 68.2) (overall, DL I* = 100%,
p = 0.000) was reported after completion of DR-TB
treatment compared to sequelae during treatment
29.8% (95% CI: 18.7, 41.0) (Overall, DL I* = 100%,
p = 0.000) (Table 3). The meta-regression analysis
showed that the prevalence of respiratory sequelae after
DR-TB treatment completion was nearly five times
higher than during treatment (AOR = 5.42, 95% CI:
1.38-21.28 (Table 4).
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Categories Respiratory impairment  Hearing impairment Renal impairment Neurologic impairment  Visval impairment Hepatic impairment Musculoskeletal
impairment
Number of Prevalence of Number of Prevalence of Number of Prevalence of Number of Prevalence of Number of Prevalence of Number of Prevalence of Number of Prevalence of
studies sequelae studies sequelae studies sequelae studies sequelae studies sequelae studies sequelae studies sequelae
Overall 19 44.4 45 26.8 28 8.1 26 8.4 16 4.5 24 73 21 10.1
Countries income
HICs 2 10.2 5 23.6 4 13.6 2 14.6 1 23 2 22.9 1 37.8
UMICs 6 45.8 16 35.2 11 15.9 10 9.9 7 6.6 9 11.1 7 12.8
LMICs 9 48.1 21 22.4 10 13 10 8.4 6 3.5 11 29 11 53
LICs 2 59.3 3 17.7 3 52 4 71 2 37 2 19 2 24.1
Type of TB
MDR-TB 11 523 31 25.0 19 4.9 17 5.6 10 37 16 6.1 11 73
XDR-TB NA NA 4 26.6 2 17.6 3 315 3 11.3 3 31 2 21.5
MDR &XDR 5 45.1 6 32.6 4 24.2 3 10.0 NA NA 4 16.7 4 20.4
Unclassified 3 15.1 4 316 3 7.8 3 121 3 21 1 2.0 4 5.6
Timing of sequelae
During treatment 9 29.8 43 27.0 27 8.4 26 8.4 15 4.2 23 7.2 21 10.1
After treatment 10 57.7 2 22.0 1 2.0 NA NA 1 10.0 1 10.0 NA -NA
Region
Southeast Asia 6 62.8 13 181 6 0.68 5 6.4 2 6.5 7 2.6 7 2.8
Sub-Saharan 4 43.0 20 36.2 11 10.2 13 13.6 10 5.2 7 3 7 131
European& CA 4 283 7 29.9 7 23.0 4 12.7 3 3.0 6 19.7 6 26.6
East Asia & Pacific 3 29.9 3 4.7 2 3.2 3 25 25 3 3 10.0 2.6 17.4
MENA NA NA 1 10.0 1 3.8 1 8.8 NA NA 1 5.0 1 7.5
Region of America 2 481 1 12.2 1 10.2 NA NA NA NA NA NA NA NA
Study design
Prospective cohort 3 46.7 16 31.0 7 10.1 8 16.2 3 11.1 4 7.2 9 7.2
Retrospective 8 35.5 26 22.6 20 7.9 16 6.0 12 27 18 8.1 11 129
cohort
Cross-sectional 8 523 3 37.5 1 4.8 2 37 1 4.5 2 0.9 1 11.9
HIV status
<1% 5 62.8 2 273 1 1.0 1 214 NA NA 1 16.0 1 2.0
1-50% 5 33.0 19 29.2 13 10.0 10 11.2 5 34 10 4.9 10 12.8
51-100% 2 18.4 10 314 7 14.1 8 14.2 7 6.9 6 4.9 6 11.1
Not recorded 7 45.6 14 131 7 3 7 3.0 4 34 7 8.2 4 7.8
Median age
Not reported 2 64.1 2 6.5 2 33 1 11.3 1 0.9 1 0.8 1 2.6
< median age 8 49.3 28 29.4 21 75 17 10.2 10 5.8 14 5.8 13 10.9
Median age & above 9 353 15 24.6 5 35 8 6.5 5 4.2 9 10.8 6 117
Site of DR-TB
Not reported 1 838 17 36.6 8 8.6 5 3.2 5 2.6 6 81 4 123
Pulmonary 17 48.8 17 214 11 9.9 12 18.2 8 73 10 53 10 77
Extrapulmonary NA NA 1 0.4 NA NA 1 22 NA NA 1 22 NA NA
Both 1 6.8 10 24.7 9 6.8 8 5.5 3 37 7 10.8 6 17.0
(Table 2 continues on next page)
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Musculoskeletal
impairment

Hearing impairment Renal impairment Neurologic impairment  Visual impairment Hepatic impairment

Respiratory impairment

Categories

Number of Prevalence of Number of Prevalence of Number of Prevalence of Number of Prevalence of Number of Prevalence of Number of Prevalence of Number of Prevalence of

studies

sequelae

studies

studies sequelae

sequelae

studies

sequelae

studies

sequelae

studies

sequelae

studies

sequelae

(Continued from previous page)

DM status

8.4
31

11

6.7
NA

10
NA
14
NA

53
NA

10
NA

81
NA

19
NA

7.5
NA

46.9 26 29.9 18
NA
10
NA

10

Not reported

<1%

20.0

84.1

10.5
NA

87
NA

35
NA

183
NA

11.0
NA

18 22.6
NA

NA

263

1-50%
250%

NA

NA

NA

51.9

CA: Central Asia, DM: Diabetes Mellitus, DR-TB: Drug-Resistant Tuberculosis, HICs: High-Income Countries, HIV: Human Immune Deficiency Virus, LICs: Low-Income Countries, LMICs: Lower-Middle-Income Countries, MENA: Middle East and North

Africa, MDR-TB: Multi-drug Resistant Tuberculosis, NA: No data reported, TB: Tuberculosis, UMICs: Upper-Middle-Income Countries, and XDR-TB: Extensively Drug-Resistant Tuberculosis.

Table 2: Pooled prevalence of respiratory impairment, hearing impairment, renal impairment, neurological impairment, visual impairment, hepatic Impairment, and musculoskeletal impairment, stratified by study

characteristics.

Types of respiratory sequelae

Cavitations, bronchiectasis, fibrosis, atelectasis, and
destroyed lung disease were the commonest types of
respiratory sequelae reported among patients with
MDR- and XDR-TB (Fig. 2).

Hearing sequelae

A total of 45 papers reported hearing sequelae, and the
pooled prevalence was 26.65% (95% CI: 20.81-32.50)
(Table 2 and Supplementary file: Fig. S4). The pooled
prevalence of hearing sequelae was 25.0% (95% CI:
21.6, 28.4) (overall, DL I = 99.3%, p = 0.000) for patients
with MDR-TB and 26.6% (95% CI: 12.3, 40.9) (overall,
DL I* = 99.3%, p = 0.000) for patients with XDR-TB
(Table 3). The meta-regression analysis showed that
patients with XDR-TB had a 70% higher risk of devel-
oping hearing sequelae than patients with MDR-TB
(AOR = 1.70, 95% CI: 1.1-2.7). The prevalence of
developing hearing sequelae after completion of DR-TB
treatment was nearly two times compared with during
DR-TB treatment (AOR = 2.1, 95% CI: 1.3-3.3)
(Table 4).

Renal sequelae

A total of 28 papers reported renal sequelae, and the
pooled prevalence was 8.13% (95% CI: 6.25-10.00)
(Table 2 and Supplementary file: Fig. S5). The highest
prevalence of renal sequelae reported in UMICs was
15.9% (95% CI: 11.2, 20.5) (overall, DL I* = 95.1%,
p = 0.000) and High-Income Countries (HICs) 13.6%
(95% CI: 3.5, 23.6) (overall, DL I? = 95.1%, p = 0.000)
countries. The lowest prevalence of renal sequelae re-
ported in LMICs was 1.3% (95% CI: 0.5, 2.0) (Overall,
DL I* = 95.1%, p = 0.000) and Low-Income Countries
(LICs) (5.2%) countries (Overall, DL I* = 95.1%,
p = 0.000) (Table 3). The prevalence of renal sequelae
among LICs was nearly 90% lower than HICs
(AOR = 0.07, 95% CI (0.1, 0.5)) (Table 4).

Neurological sequelae

A total of 26 papers reported neurological sequelae, and
the pooled prevalence was 8.41% (95% CI: 6.52-10.29)
(Table 2 and Supplementary file: Fig. S6). The highest
prevalence of neurological sequelae was reported in
patients with XDR-TB; 31.5% (95% CI: 5.5, 57.5)
(overall, DL I? = 92.1%, p = 0.000) and was nearly seven
times higher than in patients with MDR-TB 5.6% (95%
CI: 3.8, 7.5) (overall, DL I* = 92.1%, p = 0.000). The
highest prevalence of neurological sequelae was re-
ported among patients with pulmonary DR-TB; 18.2%
(95% CI: 11.4, 25.0) (Overall, DL I* = 92.1%, p = 0.000)
(Table 3). The prevalence of neurological sequelae
among patients with XDR-TB was nearly eight times
higher risk than patients with MDR-TB (AOR =7.8, 95%
CI: 1.4-42.7). Similarly, the prevalence of neurological
sequelae among patients with DM was nearly 14 times
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Stratification variable

Respiratory sequelae

Hearing sequelae

Renal sequelae

Neurologic sequelae

Hepatic sequelae

Visual sequelae

Musculoskeletal sequelae

Type of TB
MDR-TB

XDR-TB

MDR &XDR
Unclassified
Overall, DL

By country income
HI

UMl

LMI

LI

Overall, DL
Timing of sequelae
During treatment
After treatment
Overall, DL

By study design
Prospective cohort
Retrospective cohort
Cross-sectional
Overall, DL

By HIV status
Not recorded

<1%

1%-50%
51%-100%
Overall, DL

By region

South Asia

SSA

ECA

EAP

MENA

North America
Overall, DL

By DM status
Not reported

<1%

1%-50%
51%-100%
Overall, DL
Mean/median age
< median age
>median age

Not reported
Overall, DL

523 (40.0, 64.6)

451 (283, 61.9)
15.1 (9.4, 20.7)
12 = 100%, P = 0.000

102 (3.5, 16.9)

45.8 (26.5, 65.1)
481 (35.0, 61.2)
59.3 (11.5, 130)

12 = 100%, P = 0.000

29.8 (18.7, 41.0)
57.7 (47.3, 68.2)
12 = 100%, P = 0.000

46.7 (15.5, 77.8)
355 (25.6, 45.3)
523 (39.0, 65.6)
12 = 100%, P = 0.000

45.6 (39.1, 52.2)
62.8 (44.1, 81.4)
33.0 (17.2, 48.8)
18.4 (9.1, 27.7)

12 = 100%, P = 0.000

62.8 (40.5, 85.0)
43.0 (33.0, 53.0)
283 (16.6, 39.9)
(

29.9 (20.3, 39.4)

481 (1.1, 95.1)
12 = 100%, P = 0.000

46.9 (36.0, 57.7)
84.1 (61.4, 106.8)
26.3 (20.0, 32.6)

17 = 100%, P = 0.000

493 (36.7, 61.9)
35.3 (30.1, 40.5)
64.1 (4.4, 123.8)
12 = 100%, P = 0.000

25.0 (21.6, 28.4)
26.6 (12.3, 40.9)
32.6 (14.9, 50.3)
316 (113, 52.0)
I> = 99.3%, p = 0.000

13.6 (3.5, 23.6)

15.9 (11.2, 20.5)

13 (0.5, 2.0)

5.2 (2.0, 8.5)

1> = 99.3%, p = 0.000

27.0 (24.0-30.0)
22.0 (16.1-27.8)
I> = 99.3%, p = 0.000

3.01 (17.6.44.5)
227 (167, 28.6)
37.5 (123, 62.7)
I> = 99.3%, p = 0.000

16.3 (13.3.19.2)
26.6 (22.6.30.5)
323 (25.9.38.8)
30.9 (20.7.41.1)
I> = 99.3%, p = 0.000

18.1 (14.6, 21.6)
36.2 (28.4, 44.0)
29.9 (14.2, 45.6)

47 (0.4, 9.7)

10.0 (9.3, 10.7)

122 (113, 13.2)

I> = 99.3%, p = 0.000

29.8 (21.5, 38.1)
20.0 (10.3, 29.7)
22.4 (14.8, 30.1)

I> = 99.3%, p = 0.000

29.4 (19.9, 38.9)
24.5 (15.3, 33.8)

5.8 (1.7, 9.8)

1> = 99.3%, p = 0.000

4.9 (32, 6.7)

17.6 (3.6, 31.6)

242 (3.8, 44.6)

7.8 (5.81, 9.7)

I> = 95.1%, p = 0.000

13.6 (3.5, 23.6)

15.9 (11.2, 20.5)

13 (0.5, 2.0)

5.2 (2.0, 8.5)

1> = 95.1%, p = 0.000

8.44 (6.5, 10.4)
2.00 (-0.7, 4.7)
I” = 95.1%, p = 0.000

101 (6.0, 14.2)

7.9 (5.5, 10.4)

4.8 (22,75)

I> = 95.1%, p = 0.000

3.0 (1.2, 4.8)

1.0 (0.9, 3.0)

10.0 (6.1, 13.9)

14.1 (4.8, 23.4)

I> = 95.1%, p = 0.000

0.7 (03, 1.1)

10.19 (6.1, 14.3)
21.99 (8.0, 36.0)
3.19 (0.6, 5.8)

3.8 (0.4,7.9)

10.2 (1.7, 187)

I> = 95.1%, p = 0.000

73 (51, 9.5)

11.0 (6.3, 15.8)

I> = 95.1%, p = 0.000

9.8 (67, 12.8)

3.6 (12, 6.0)

3.3 (03, 9.9.6)

1> = 95.1%, p = 0.000

5.6 (3.8, 7.5)

315 (5.5, 57.5)

10.0 (17, 18.3)

12.12 (3.0, 21.3)

I> = 92.1%, p = 0.000

14.6 (12, 30.4)

9.9 (6.4, 13.4)

8.4 (4.7, 12.0)

7.1 (2.1, 12.1)

I> = 92.1%, p = 0.000

8.4 (6.5, 10.3)
I> = 92.1%, p = 0.000

16.2 (103, 22.0)

6.0 (4.0, 7.9)

37 (13, 6.0)

I” = 92.1%, p = 0.000

3.5(1.7,53)

21.4 (133, 29.6)

112 (7.2, 15.2)

14.2 (6.6, 21.7)

I> = 92.1%, p = 0.000

6.4 (2.6, 10.2)
13.6 (9.4, 17.8)
12.7 (4.2, 212)
2.45 (0.4, 4.5)
875 (2.6, 14.9)

(
(
I> = 92.1%, p = 0.000

8.1 (5.7, 10.5)

183 (9.6, 27.0)

I> = 92.1%, p = 0.000

10.2 (7.2, 13.1)

6.5 (3.4, 9.5)

11.3 (5.5, 17.1)

I> = 92.1%, p = 0.000

6.1 (4.0, 8.3)

3.1 (0.9, 5.3)

16.7 (6.6, 26.9)

2.0 (0.2, 4.3)

1> = 94.7%, p = 0.000

22.9 (9.4, 36.4)

111 (6.1, 16.1)

2.9 (15, 43)

1.9 (024, 6.1)

12 = 94.7%, p = 0.000

7.2 (5.0, 9.4)
10.0 (4.1, 15.9)
1> = 94.7%, p = 0.000

7.2 (0.1, 14.4)

8.1 (5.6, 10.6)

0.9 (0.2, 1.9)

1> = 94.7%, p = 0.000

82 (2.7, 13.6)

16.0 (13.0, 19.0)
4.85 (2.64, 7.07)

4.9 (17, 8.1)

17 = 94.7%, p = 0.000

2.6 (1.0, 43)
2.6 (0.9, 4.4)
19.7 (14.9, 24.5)
10.0 (1.3, 18.66)
5.00 (0.2, 10.0)

1> = 94.7%, p = 0.000

6.7 (3.0, 10.4)

87 (53, 12.1)

17 = 94.7%, p = 0.000

5.8 (3.5, 8.2)

10.8 (5.8, 15.7)

0.8 35, 8.2)

17 = 94.7%, p = 0.000

3.7 (17.5.8)

113 (0.1, 22.8)
21(-01, 4.2)

1> = 85.1%, p = 0.000

23(-21,6.7)

6.6 (3.0, 10.2)

3.5 (0.5, 6.5)

3.7 (07, 6.7)

12 = 85.1%, p = 0.000

42 (2.4, 6.0)
10.0 (4.1, 15.9)
I> = 85.1%, p = 0.000

11.1 (1.2, 21.0)

27 (12, 4.2)

5.1 (05, 10.7)

1> = 85.1%, p = 0.000

3.4 (0.5, 6.3)

3.4 (16, 5.2)

6.88 (1.9, 11.9)

17 = 85.1%, p = 0.000

6.5 (0.8, 12.2)
52 (2.4, 7.9)
3.0(14,73)
25 (14,37)

1> = 85.1%, p = 0.00

53 (2.5, 8.2)

3.5 (1.8, 5.3)
17 = 85.1%, p = 0.000

5.8 (2.3, 9.2)
42 (15, 6.9)
0.9 (0.2, 2.6)
17 = 85.1%, p = 0.000

73 (33, 11.2)

215 (9.9, 33.1)

20.4 (13.0, 53.8)

5.6 (0.3, 10.9)

1> = 94.7%, p = 0.000

37.8 (28.8, 48.9)
12.8 (5.9, 19.7)

53 (27,7.8)

24.1 (18.7, 67.0)

1> = 94.7%, p = 0.000

10.1 (7.0, 13.2)

1> = 94.7%, p = 0.000

10.9 (6.8, 15.0)

117 (4.3, 19.1)

2.6 (-03, 5.5)

1> = 94.7%, p = 0.000

7.8 (0.4, 15.2)

2.0 (0.8, 4.8)

12.8 (7.5, 18.0)

111 (4.5, 17.7)

1> = 94.7%, p = 0.000

2.8 (0.6, 5.0)
13.1 (8.0, 18.2)
267 (4.8, 48.5)
17.4 (14.3, 20.2)
7.5 (17, 13.3)

1> = 94.7%, p = 0.000

8.4 (4.9, 11.9)
31 (11, 7.3)
105 (4.3, 16.7)

17 = 94.7%, p = 0.000

10.9 (6.8, 15.0)

11.7 (4.3, 19.1)

2.6 (03, 5.5)

17 = 94.7%, p = 0.000

(Table 3 continues on next page)
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Musculoskeletal sequelae

Hearing sequelae Renal sequelae Neurologic sequelae Hepatic sequelae Visual sequelae

Respiratory sequelae

Stratification variable

(Continued from previous page)

Site of DR-TB
Pulmonary

73 (2.8, 11.8) 7.7 (4.0, 11.3)

53 (2.7, 7.9)
2.2 (0.5, 4.0)

18.2 (11.4, 25.0)
2.2 (0.5, 4.0)
55 34,77)
32 (13, 5.2)

2
|

21.2 (13.0, 29.4) 9.9 (5.7, 14.0)

0.6 (0.2, 1.1)

48.8 (405, 57.1)

Extra pulmonary

Both

17.0 (6.7, 27.3)
12.3 (2.8, 21.9)

2
|

37 (0.4, 7.0)
2.6 (0.7, 4.5)

2
|

10.8 (3.5, 18.1)

6.8 (4.2, 9.5)
8.6 (5.0, 12.2)

2
|

237 (14.7, 32.8)

6.8 (6.6, 6.9)
8.8 (87, 9.0)

2
|

8.1 (3.2, 13.0)

2
|

35.0 (21.1, 48.9)

2
|

Not reported
Overall, DL

94.7%, p = 0.000

85.1%, p = 0.000

94.7%, p = 0.000

92.1%, p = 0.000

95.1%, p = 0.000

99.6%, P = 0.000

100%, P = 0.000

EAP: East Asia and Pacific, ECA: European and Central Asia, DM: Diabetes Mellitus, DR-TB: Drug-Resistant Tuberculosis, HI: High Income, HIV: Human Immune Deficiency Virus, LMI: Lower Middle Income, LI: Low Income, MDR-TB: Multidrug-

resistant Tuberculosis, MENA: Middle East and North Africa, UMI: Upper Middle Income, SSA: Sub-Saharan Africa, XDR-TB: Extensively Drug-Resistant Tuberculosis. -Indicates no study reported in that specific category.

Table 3: Sub-group analysis on the pooled prevalence of physical sequelae.

higher than among patients without DM (AOR = 13.8,
95% CI: 3.12, 60.7) (Table 4).

Visual sequelae

A total of 16 studies reported visual sequelae, and the
pooled prevalence was 4.51% (95% CI: 2.71-6.30)
(Table 2 and Supplementary file: Fig. S7). Patients with
XDR-TB were at nearly six times higher risk than pa-
tients with MDR-TB (AOR = 6.4, 95% CI: 1.3, 31.8)
(Table 4).

Hepatic sequelae

A total of 24 papers reported hepatic sequelae, and the
pooled prevalence was 7.27% (95% CI: 5.11-9.43)
(Table 2 and Supplementary file: Fig. S8). HICs had
the highest prevalence of hepatic sequelae at 22.9%
(95% CI: 9.4, 36.4) (Overall, DL I? = 94.7%, p = 0.000),
followed by UMICs countries at 11.1% (95% CI: 6.1,
16.1) (Overall, DL I* = 94.7%, p = 0.000). The preva-
lence of hepatic sequelae was 10.0% (95% CI: 4.1, 15.9)
(Overall, DL 1> = 94.7%, p = 0.000) two years after
completion of MDR-TB treatment. The prevalence of
hepatic sequelae was 6.1% (95% CI: 4.0, 8.3) for MDR-
TB (Overall, DI I? = 94.7%, p = 0.000) (Table 3). The
prevalence of hepatic sequelae among LMICs
(AOR = 02, 95% CI (0.008, 0.34)) and LICs
(AOR = 0.02, 95% CI: 0.004, 0.86) was lower than
HICs (Table 4).

Musculoskeletal sequelae

A total of 21 articles reported musculoskeletal
sequelae, and the pooled prevalence was 10.1% (95%
CI: 6.97-13.7) (Table 2 and Supplementary file:
Fig. S9). The prevalence of musculoskeletal sequelae
among patients with MDR-TB was 7.3% (95% CI: 3.3,
11.2) (overall, DL I* = 94.7%, p = 0.000), for patients
with XDR-TB; 21.5% (95% CI: 9.9, 33.1) (overall, DL
I* = 94.7%, p = 0.000). The highest prevalence of
musculoskeletal sequelae was reported among people
from communities or studies with HIV prevalence of
1-50%; 12.8% (95% CI: 7.5, 18.0) (Overall, DL
I> = 94.7%, p = 0.000) and HIV prevalence >50%;
11.1% (95% CI: 4.5, 17.7) (Overall, DL I* = 94.7%,
p = 0.000) compared with studies with HIV prevalence
of <1% (Overall, DL I* = 94.7%, p = 0.000) (Table 3).
Meta-regression output showed that the prevalence of
musculoskeletal sequelae among patients with XDR-
TB was nearly eight times higher than among pa-
tients with MDR-TB (AOR = 7.7, 95% CI: 1.1, 51.9)
(Table 4).

Publication bias

The asymmetrical funnel plots and Egger’s test indi-
cate potential publication bias among the included
studies for almost all types of physical sequelae.
However, the Egger test showed no evidence of
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Variable Respiratory sequelae Hearing sequelae Renal sequelae Neurological sequelae

AOR with 95% Cl P-value AOR with 95% Cl P-value AOR with 95% Cl P-value AOR with 95% Cl P-value
Type of TB
MDR 1 1 1 1
XDR-TB NA NA 17 (11, 2.7) 1.6 (0.2, 13.8) 0.638 7.8 (1.4, 42.7) 0.021
MDR- & XDR-TB 3.30 (036, 30.07) 0.069 15 (0.8, 3.0) 1.0 (0.1, 22.5) 0.996 13 (0.2, 8.4) 0.761
Unclassified 2.79 (0.45, 17.18) 0.018 1.1 (0.6, 2.0) 12 (0.1, 12.8) 0.875 2.5 (0.3, 19.1) 0347
DM Status
<1% 1 1
1-50% 0.05 (0.01, 0.21) 0.015 NA NA NA NA 13.8 (3.12, 60.7) 0.002
51-100% 0.06 (0.002, 0.40) 0.001 - -
Not reported 0.14 (0.05, 0.41) 0.011 2.5 (0.99, 6.2) 0.052
Timing of sequelae
During treatment 1 1 1
After treatment 5.42 (1.38, 21.28) 0.004 21 (13, 33) 0.6 (0.2, 1.9) 0.335 NA NA
Site of DR-TB
Pulmonary 1 1
Extrapulmonary NA NA 0.4 (0.2, 0.6) NA NA 0.14 (0.05, 0.4) 0.001
Both 1.1 (0.6, 2.1) 0.2 (0.1, 0.8) 0.031
Not reported 12 (0.7, 1.9) 0.2 (0.1, 0.5) 0.003
Country Income
HI 1 1
UMI NA NA 0.6 (0.3, 0.9) 0.39 (0.35, 4.5) 0.437 NA NA
LMI 0.7 (0.5, 1.2) 0.2 (0.01, 1.6) 0.109
U 1.2 (0.6, 2.2) 0.07 (0.1, 0.5) 0.007
Median age
<Median NA NA NA NA NA NA NA
Median & above
Unclassified
Study design
Prospective cohort NA NA NA NA NA NA NA
Retrospective cohort
Cross-sectional
HIV status
0-50% NA NA NA NA NA NA NA
51-100%
Unclassified
Meta-regression output continued
Variable Hepatic sequelae Visual sequelae Musculoskeletal sequelae

AOR with 95% Cl P-value AOR with 95% Cl P-value AOR with 95% Cl P-value

Type of TB
MDR 1 1 1
XDR-TB 1.02 (0.3, 31.2) 0.993 6.4 (13, 31.8) 0.028 7.7 (11, 51.9) 0.038
MDR- & XDR-TB 0.4 (0.2, 9.0) 0.525 1.1 (0.3, 4.7) 0.868 0.8 (0.04, 17.9) 0.884
Unclassified 0.4 (0.2, 6.3) 0.451 - - - -
DM Status
<1%
1-50% NA NA NA NA NA NA
51-100%
Not reported
Timing of sequelae
During treatment NA NA NA NA NA NA
After treatment
Site of DR-TB
Pulmonary 1
Extrapulmonary 0.2 (0.01, 5.3) 0.309 NA NA NA NA

(Table 4 continues on next page)
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Meta-regression output continued
Variable Hepatic sequelae Visual sequelae Musculoskeletal sequelae
AOR with 95% Cl P-value AOR with 95% Cl P-value AOR with 95% Cl P-value

(Continued from previous page)

Both 0.7 (0.5, 83) 0.718

Not reported 0.3 (0.27, 4.0) 0.352

Country Income

HICs 1

UMICs 0.03 (0.008, 0.79) 0.038 NA NA NA NA
LMICs 0.2 (0.008, 0.34) 0.012

LICs 0.02 (0.004, 0.86 0.043

Median age

<Median 1 1

Median & above 3.58 (0.24.53.01) 0.323 1.1 (0.9, 11.9) 0.957 NA NA
Unclassified 0.18 (0.03, 1.23) 0.075 0.4 (0.1, 3.0) 0.320

Study design

Prospective cohort 1 NA NA
Retrospective cohort NA NA 0.7 (0.2, 3.4) 0.623

Cross-sectional 0.3 (0.1, 1.4) 0.124

HIV status

0-50% 1

51-100% NA NA NA NA 0.5 (0.1, 4.7) 0.485
Unclassified 0.1 (0.03, 0.6) 0.009
NA: Not significant in the bivariable analysis at a p-value of <0.2. MDR-TB: DM: Diabetes Mellitus, HICs: XDR-TB: Extensively Drug-Resistant Tuberculosis, High-Income Countries, HIV: Human Immune
Deficiency Virus, LICs: Low-Income Countries, LMI: Lower Middle-Income Countries, Multidrug-Resistant Tuberculosis, UMICs: Upper Middle-Income Countries.
Table 4: Meta-regression output for respiratory sequelae, hearing sequelae, renal sequelae, neurological sequelae, visual sequelae, hepatic sequelae, and musculoskeletal sequelae.

14

substantial publication bias for respiratory sequelae
(p = 0.544) according to our significance level (Supple-
mentary file: Figs. S10-16). We have applied trim and
fill methods to adjust for the publication bias in the
analysis. As a result, the pooled prevalence after
adjusting the publication bias was reduced significantly
for each physical sequelae. However, the funnel plot
asymmetry was corrected after adjusting the theror-
ethical missing studies by the trim and fill methods. The
finding is summarized in the Supplementary file:
Figs. S17-22.

Quality assessment

The overall quality assessment for the included studies
was low to high, with a median score of 6 points and an
Inter Quartile Range (IQR) of 3 points. Of 66 included
studies, seven had eight or nine points, regarded as
high-quality studies. The majority, 42 (63.63%), studies
had 5 to 7 points, classified as medium-quality studies.
The other studies having a score of 4 points or lower
were low-quality studies.

Sensitivity analysis

Sensitivity analysis was conducted by removing low-
quality studies (Supplementary file: Figs. S23-29). The
pooled prevalence of respiratory sequelae after removing
low-quality studies was 45.13% (95% CI: 39.97-50.29)
(Overall, DL (I* = 100%, p = 0.000)) (Fig. $23). The

finding after adjustment was the same as before
adjustment (43.77% (95% CI: 40.09-47.48)). The prev-
alence of hearing sequelae after trimming poor-quality
studies was 23.32% (95% CI: 18.49-28.15) (overall, DL
(I* = 98.7%, p = 0.000)) (Fig. S24). However, there was
no significant difference in estimates between the
original (26.65% (95% CI: 20.81-32.50)) and trimmed
prevalence.

The prevalence of renal sequelae after adjustment of
low-quality studies was 8.63% (95% CI: 5.81-10.93)
(overall, DL (I* = 95.7%, p = 0.000)) (Fig. S25). However,
the finding showed that there was no difference between
the original (8.13% (95% CI: 6.25-10.00)) and trimmed
prevalence (9.37% (95% CI: 7.03-11.7)). The prevalence
of neurological sequelae after trimming of low-quality
studies was 9.37% (95% CI: 7.03-11.7) (overall, DL
(I2 =92.3%, p = 0.000)) (Fig. S26). However, there was no
difference between the prevalence of neurological
sequelae between the original (8.41% (95% CL
6.52-10.29)) and after trimming of low-quality studies.
Moreover, the prevalence of hepatic sequelae after trim-
ming of low-quality studies was 8.37% (95% CL
5.81-10.93) (overall, DL (I> = 95.7%, p = 0.000))
(Fig. S27). However, there was no difference in the
prevalence of hepatic sequelae between the original
(7.27% (95% CI: 5.11-9.43)) and the trimmed prevalence.

The prevalence of visual sequelae after trimming of
low-quality studies was 4.47 (95% CI: 2.40-6.53)
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Fig. 2: Respiratory sequelae reported among patients with MDR-TB and XDR-TB. MDR-TB =

XDR-TB = extensively drug-resistant tuberculosis.

(overall, DL (I* = 92.3%, p = 0.000)) (Fig. S28). However,
there was no difference in the prevalence of visual
sequelae between the original (4.51% (95% CIL:
2.71-6.30)) and after trimming of low-quality studies.
The overall prevalence of musculoskeletal sequelae after
removing low-quality studies was 9.33 (95% CI
(5.58-13.09) (overall, DL (I* = 92.3%, p = 0.000)))
(Fig. S29). However, there was no difference between
the original (10.1% (95% CI: 6.97-13.7)) and trimmed
prevalence.

Discussion

To the best of our knowledge, this is the first reported
comprehensive systematic review and meta-analysis to
quantify the prevalence of physical sequelae among
patients with MDR/XDR-TB and to identify the most
common types of sequelae. The prevalence of long-term
physical sequelae was high among patients with MDR/
XDR-TB. The most common types of sequelae that have
been reported in the existing literature were respiratory,
hearing, renal, neurological, hepatic, visual, and
musculoskeletal sequelae.

www.thelancet.com Vol 57 March, 2023

multi-drug resistant tuberculosis.

We found that respiratory and hearing sequelae were
the most common type of long-term sequelae among
patients with MDR/XDR-TB, with an overall pooled
prevalence of 43.8% and nearly 30%, respectively. Our
finding is significantly higher than a systematic review
conducted among patients with DS-TB amongst whom
the pooled prevalence of respiratory sequelae was
33.1% and 14.5% of patients developed hearing
sequelae.”” The higher hearing sequelae could be due to
the inclusion of aminoglycoside agents in MDR-TB
treatment regimens, which are the major cause of
ototoxicity.*

Previously the WHO used to recommend the
treatment of MDR-TB with an intensive phase of
injectable aminoglycosides (amikacin, kanamycin,
and capreomycin), which can lead to hearing
sequelae.” However, the WHO currently recommends
MDR-TB treatment without aminoglycosides® to
minimise drug-related hearing sequelae. Therefore,
the high prevalence of hearing sequelae in the current
study could be due to the inclusion of aminoglyco-
sides in the past treatment regimens of MDR- and
XDR-TB.
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In our review, nearly one in twenty patients with
MDR-TB developed visual sequelae. The finding was
lower than for a systematic review conducted among
patients with DS-TB (11.9%). A possible reason could be
due to the prolonged use of the drug ethambutol in
patients with DS-TB,”" which is not used in patients with
MDR-TB. Ethambutol is a potent anti-TB drug that
commonly affects the optic nerve and can cause irre-
versible visual sequelae.”

The prevalence of physical sequelae was heteroge-
neous when stratified by type of TB, the timing of
treatment, country income, and DM status. For
instance: respiratory sequelae were more prevalent
among patients with MDR-TB after completing their
treatment compared with patients with MDR-TB during
treatment. This could be explained by the endobronchial
involvement that causes extended parenchymal
destruction" further resulting in poor compliance,
bronchiectasis, aspergilloma, and other parenchymal
airway diseases.” It is also expected that chemotherapy-
cured patients with MDR-TB, who usually end-up with
significant lung destruction and chronic complications
like fibrosis, bronchiectasis, and cavitations.” Although
patients become negative bacteriologically, a significant
number of patients with MDR-TB are left with persis-
tent symptoms and lung function sequelae.” A likely
explanation is the occurrence of common residual con-
ditions like fibrosis, scarring, cavitation, and distortion
of lung architecture that led to volume loss and bron-
chiectasis.” Pulmonary TB also involves airways and
results in hyperplasia and hypertrophy of mucous
glands, thus affecting the functioning of airways, and
causing a reduction of total lung capacity. Hence, there
will be a significant increase in functional limitations
among patients with MDR-TB.”

The highest prevalence of respiratory sequela was
reported among studies conducted in LICs countries
(59.3%). The possible reason could be due to weak
healthcare systems, inadequate financing, poverty, and
poor access (in terms of quality, geographic access,
financial access, and acceptability of services) in LICs
and LMICs countries as compared with HICs and
UMICs countries.”* The other possible reason could be
due to the presence of possible diagnosis delay, treat-
ment delay, and the long and less effective medication
regimens of patients with MDR-TB in LICs and LMICs
countries.” Moreover, low-income countries have poor
access to education and poor health insurance,” which
improves the patient’s health outcome.'” Non-invasive
respiratory support and adjunct surgical resection,
which is less affordable in LICs and LMICs countries,
were associated with an increase in maintaining a re-
sidual capacity to prevent lung complications®' and
improved symptoms of respiratory sequelae by
enhancing pulmonary function and elastic recoil.*’ The
high burden of respiratory sequelae may also relate to
the high burden of TB in LICs and LMIC countries.

Moreover, patients with MDR-TB might be exposed to
multiple exposures like smoking, occupational expo-
sures, and indoor biomass fuels that could further result
in respiratory failure.'”?

On the other hand, we found that the prevalence of
hearing, renal, and hepatic sequelae was higher in
UMICs and HICs countries than in LMICs and LICs
countries. The lower prevalence of hearing sequelae in
LICs and LMICs could be due to a lack of audiometric
tools to measure hearing sequelae in LICs and LMICs
countries.'”® The lower prevalence of renal and hepatic
sequelae in LICs and LMICs countries could be due to
the high burden of DM'* and hypertension'” in HICs
and UMICs countries. DM and hypertension commonly
increase the risk of developing renal sequelae, including
end-stage renal failure."” Moreover, comorbidities
including DM and hypertension negatively impact on
the patient’s immune response, precipitate treatment
failure.'” It could be also due to the high cost and
complexity of diagnosing renal sequelae in LICs and
LMICs countries.

A high prevalence of neurological sequelae was re-
ported among patients with a high prevalence of DM. A
possible reason could be that DM causes endothelial
dysfunction, inflammation, platelet aggregation, and
vascular smooth muscle cell dysfunction, which leads to
atherosclerosis, which in turn can impact neurological
outcomes."”™ The prevalence of musculoskeletal
sequelae significantly differed by HIV status. This could
be due to the high prevalence of HIV among patients
with XDR-TB (>50% prevalence in 75% of studies) than
patients with MDR-TB (>50% in none of the studies).

Patients with MDR and XDR-TB developed sequelae
during or post-TB treatment due to either the nature of
the second-line drugs or the disease itself. MDR-TB by
itself causes active lesions of the parenchymal (infiltra-
tion, cavitations, consolidations, and glass opacity) that
further cause extensive tissue damage by the long
duration of the disease compared to DS-TB.” The
dominant cavities and consolidations in MDR- and
XDR-TB occurred following a failure of post-TB treat-
ment.” Unhealed cavities, in turn, cause new cavities
and consolidations in patients with MDR-TB.” Bron-
chiectasis, a non-lung parenchymal morphology, is a
dilation of multiple bronchi resulting from the course of
active lesions of post-pulmonary TB and affects the
surrounding structures such as bronchus and bronchi-
oles."” Non-active parenchymal lesions (fibrosis, calci-
fication, and atelectasis) are common post-MDR-TB
sequelae in patients with DR-TB. It causes the reac-
tivation of active TB in the long run and leads to re-
covery.”’ Therefore, we can conclude that respiratory
sequelae are mainly caused by the disease progression
and not a drug-related problems.

On the other hand, aminoglycosides such as Ami-
kacin, Capreomycin, and Kanamycin are the common
causes of hearing sequelae among patients with MDR-
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and XDR-TB."° For instance: a previous study showed
that Kanamycin-based regimens were associated with a
higher risk of hearing loss.”""" WHO 2018 report rec-
ommended the replacement of aminoglycoside agents
with less toxic agents such as Bedaquiline-based regi-
mens to minimise permanent hearing loss.* This evi-
dence supports our hypothesis aminoglycoside agents
cause hearing-related sequelae, and it is possible to
conclude that hearing sequelae is mainly drug-related
sequelae.

In the current study, patients with XDR-TB were at a
higher risk of developing visual sequelae compared with
patients with MDR-TB. The higher prevalence of visual
sequelae among patients with XDR-TB could be because
of higher doses and longer durations of linezolid, it is a
well-known cause of optic neuropathy among patients
with MDR-TB."? Similarly, patients with MDR-TB
were at a higher risk of developing neurological
sequelae due to the drug linezolid. Its effect increases
with the dose and duration of treatment. As a result,
patients with DR-TB were at a higher risk of neurolog-
ical and visual sequelae. For instance, reducing linezolid
dose from 600 to 300 g reduced the risk of neurological
abnormalities and improved treatment outcomes.'”
This finding strengthens our hypothesis of both
neurological and visual sequelae are more drug-related
sequelae. However, the effect of linezolid on neurolog-
ical sequelae among patients with MDR- and XDR-TB
needs further study. In general, neurological sequelae
are irreversible and patient’s quality of life through
functional, mental, and social impairment.”'*

Adequate and standardised monitoring of patients
with MDR- and XDR-TB during and after the comple-
tion of treatment will be necessary to minimise the
burden of physical sequelae. DR-patients with TB are
declared cured or completed based on clinical, smear,
and radiological examinations.' However, there is a lack
of follow-up and support for patients with MDR-TB and
XDR-TB after the completion of their treatment.
Therefore, policymakers, planners, researchers, and
clinicians need to work collaboratively to decrease the
burden of long-term physical sequelae after the
completion of their treatment. Preparing standard
monitoring guidelines, expanding the availability of
objective tools, and discussions with stakeholders on the
management of post-MDR-TB sequelae will reduce the
burden of physical sequelae.

Secondly, creating awareness of physical sequelae
among clinicians and patients will be necessary to
ensure the provision of integrated care during and after
the completion of treatment. Thirdly, the ministries of
health of each country should implement a strategy to
build skills and systems for long-term care for patients.
Finally, the scaling-up of a rehabilitation centre and
tools (hearing aids, vision aids, and wheelchairs) will
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play a vital role. LICs and LMICs countries need inter-
national support to manage the high costs associated
with patient care with long-term sequelae.

This study has some important limitations. The first
limitation was the presence of high heterogeneity be-
tween included studies. We investigated the sources of
heterogeneity by conducting a sub-group analysis for
each of the outcomes. Secondly, each study used
different methodologies or tools for outcome ascertain-
ment. This will lead to errors in estimates of the prev-
alence of physical sequelae. Thirdly, since more than
50% of studies did not report the dose and type of DR-
TB regimen, it wasn’t possible to determine drug-
specific sequelae among patients with DR-TB. The
study lacks information on whether the sequelae
developed because of the DR-TB drugs or the disease
itself. Fourthly, it is impossible to assess the severity
of sequelae as there isn’t reported data on the severity of
sequelae. The existing publication bias will under or
overestimate the overall finding. As a result, it could
affect the representativeness of the study. The study also
lacks information on what fraction of patients had been
previously treated for TB as included studies reported
previously treated cases of TB, MDR-TB, and XDR-TB
combined.

This systematic review found that long-term physical
sequelae such as respiratory, hearing, musculoskeletal,
neurological, renal, hepatic, and visual sequelae were
common among survivors of MDR- and XDR-TB. There
were significant differences in the prevalence of
sequelae between patients with MDR- and XDR-TB.
There is a substantial need for incorporating post-
MDR-TB and XDR-TB treatment surveillance into the
current programmatic management of MDR-TB to early
detect and prevent post-treatment sequelae, and for
health systems to be supported and strengthened to be
able to provide appropriate ongoing care to patients after
cessation of TB treatment.
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