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Summary
Background Pulmonary tuberculosis (PTB) can result in long-term health consequences, even after successful
treatment. We conducted a systematic review and meta-analysis to estimate the occurrence of respiratory
impairment, other disability states, and respiratory complications following successful PTB treatment.

Methods We identified studies from January 1, 1960, to December 6, 2022, describing populations of all ages that
successfully completed treatment for active PTB and had been assessed for at least one of the following outcomes:
occurrence of respiratory impairment, other disability states, or respiratory complications following PTB treatment.
Studies were excluded if they reported on participants with self-reported TB, extra-pulmonary TB, inactive TB, latent
TB, or if participants had been selected on the basis of having more advanced disease. Study characteristics and
outcome-related data were abstracted. Meta-analysis was performed using a random effects model. We adapted
the Newcastle Ottawa Scale to evaluate the methodological quality of the included studies. Heterogeneity was
assessed using the I2 statistic and prediction intervals. Publication bias was assessed using Doi plots and LFK
indices. This study is registered with PROSPERO (CRD42021276327).

Findings 61 studies with 41,014 participants with PTB were included. In 42 studies reporting post-treatment lung
function measurements, 59.1% (I2 = 98.3%) of participants with PTB had abnormal spirometry compared to 5.4%
(I2 = 97.4%) of controls. Specifically, 17.8% (I2 = 96.6%) had obstruction, 21.3% (I2 = 95.4%) restriction, and
12.7% (I2 = 93.2%) a mixed pattern. Among 13 studies with 3179 participants with PTB, 72.6% (I2 = 92.8%) of
participants with PTB had a Medical Research Council dyspnoea score of 1–2 and 24.7% (I2 = 92.2%) a score of
3–5. Mean 6-min walk distance in 13 studies was 440.5 m (I2 = 99.0%) in all participants (78.9% predicted,
I2 = 98.9%) and 403.0 m (I2 = 95.1%) among MDR-TB participants in 3 studies (70.5% predicted, I2 = 97.6%).
Four studies reported data on incidence of lung cancer, with an incidence rate ratio of 4.0 (95% CI 2.1–7.6) and
incidence rate difference of 2.7 per 1000 person-years (95% CI 1.2–4.2) when compared to controls. Quality
assessment indicated overall low-quality evidence in this field, heterogeneity was high for pooled estimates of
nearly all outcomes of interest, and publication bias was considered likely for almost all outcomes.

Interpretation The occurrence of post-PTB respiratory impairment, other disability states, and respiratory
complications is high, adding to the potential benefits of disease prevention, and highlighting the need for
optimised management after successful treatment.
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Research in context

Evidence before this study
We searched four databases between Jan 1, 1960, and Dec 6,
2022, with no restriction by language, for studies of any
design evaluating respiratory impairment, disability states,
and respiratory complications following treatment
completion for pulmonary tuberculosis (PTB). Our search
comprised comprehensive terms for “tuberculosis”,
“impairment”, “disability”, and “complication”. Previous
studies have assessed, to some degree, the prevalence of
disability, respiratory impairment, and certain respiratory
complications after pulmonary tuberculosis (PTB) treatment.
A meta-analysis in 2015 revealed that patients with previous
TB had threefold higher odds of developing chronic
obstructive pulmonary disease (COPD), a review in 2021
estimated that approximately 1 in every 4 TB survivors
develop some type of respiratory impairment, four reviews
found a significant association between TB and subsequent
lung cancer, and three reviews showed that post-TB
participants generally had lower quality-of-life. Previous
reviews included participants with self-reported TB, extra-
pulmonary TB, inactive TB, and even latent TB. This has the
potential to alter the true prevalence of respiratory
impairment and complications due to pulmonary TB.
Importantly, the extent to which post-PTB sequalae lead to
health-related quality of life and long-term disability has not
been well-defined, as previous reviews have not summarised
activity-limiting dyspnoea based on the Medical Research
Council (MRC) dyspnoea scale or exercise capacity using the 6-
min walk test (6MWT). Additionally, previous studies have
not estimated the occurrence of all three of these important
post-PTB outcomes (post-PTB respiratory impairment, other
disability states, and respiratory complications) in one
comprehensive review.

Added value of this study
We did a systematic review and meta-analysis of 61 studies
with 41,014 participants with PTB in health-care settings in
29 countries and 5 continents. We demonstrated that the
occurrence of post-PTB respiratory impairment, other
disability states, and complications is substantial. While the
pattern of abnormalities differed between studies (17.8%
obstruction, 21.3% restriction, and 12.7% a mixed pattern),
over half of all persons had abnormal spirometry despite
successful treatment for PTB. With regards to functional
disability, post-TB participants had markedly lower-than-
predicted scores on measures of exercise capacity (6MWT)
and physical disability due to breathlessness (MRC dyspnoea
scale) compared to controls. Our review found a fourfold
higher risk of developing lung cancer in post-PTB participants
compared to controls. Furthermore, persistent cavitation,
fibrosis, bronchiectasis, and aspergilloma were common
complications post-TB.

Implications of all the available evidence
The findings of this review highlight the important morbidity
caused by PTB and demonstrate that PTB is a major cause of
worldwide disability. This, in turn, emphasises the importance
of prevention, including the greater potential benefits of TB
preventive therapy (TPT) beyond simply mortality. To
estimate the health burden that may remain after PTB
treatment, future studies should translate measures of
disability into quality-adjusted life years. Studies assessing the
determinants of disability could lead to the development of
strategies to limit or prevent disability, as well as to identify
optimal management for this outcome.
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Introduction
In 2021, WHO estimated that 10.6 million individuals
worldwide developed tuberculosis (TB) and 1.6 million
died, making TB the second leading cause of death
among all infectious diseases, after COVID-19.1 There
are an estimated 155 million TB survivors globally,
translating to 1 out of every 50 persons alive in 2020.2

Although pulmonary tuberculosis (PTB) disease is
curable when an effective regimen is used, the health
burden of PTB does not end with successful treatment.
In fact, after successful completion of PTB treatment,
many individuals develop chronic respiratory compli-
cations such as abnormal lung function,3–10 bronchiec-
tasis,11,12 and lung cancer.13–18 These complications may
result in disability and reduced health-related quality of
life.

Recent TB treatment guidelines have suggested that
long-term health consequences should be assessed, but
robust evidence to support specific recommendations is
lacking.19 While previous systematic reviews have
assessed the prevalence of respiratory impairment and
certain respiratory complications after treatment of PTB,
broader inclusion criteria were commonly used, such as
including participants with self-reported TB, extra-
pulmonary TB, inactive TB, and even latent TB.3–6,13–18

A previous systematic review demonstrated higher
odds of developing lung cancer post-TB when studies of
self-reported TB were excluded (OR 2.26 compared to
2.09).15 Therefore, it is unclear if the estimation of the
occurrence of respiratory impairment and complica-
tions would be different with more stringent PTB in-
clusion criteria. Additionally, three previous reviews
have demonstrated that persons post-TB generally score
lower on health-related quality of life questionnaires,20–22

but previous reviews have not assessed the impact of TB
on more objective measures of functional disability,
such as activity-limiting dyspnoea based on the Medical
Research Council (MRC) dyspnoea scale and exercise
www.thelancet.com Vol 59 May, 2023
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capacity using the 6-min walk test. Therefore, the extent
to which post-TB respiratory impairments lead to limi-
tations in function has not been well-defined. A
comprehensive understanding of the health burden that
may remain after treatment of PTB is needed to develop
clinical guidance and inform clinical research in post-
PTB management. We conducted a comprehensive
systematic review and meta-analysis with strict post-PTB
inclusion criteria to estimate the occurrence of respira-
tory impairment, other disability states, and respiratory
complications following successful treatment of PTB.
Methods
Objectives
Our systematic review and meta-analysis are reported
according to PRISMA guidelines (S1 PRISMA Check-
list), and follows a protocol registered in PROSPERO
(CRD42021276327). The overall objective of this sys-
tematic review was to estimate the occurrence of respi-
ratory impairment, other disability states, and
respiratory complications following PTB treatment.

Search strategy and study selection
We searched MEDLINE, Embase, Health Star, and
Cochrane from January 1, 1960, to December 6, 2022, to
identify studies describing populations that successfully
completed treatment for PTB disease, in whom the
development of long-term respiratory impairment, other
disability states and/or complications were described.
We chose to restrict our search from 1960 onwards
because medical treatment for tuberculosis was often
sub-optimal before then (e.g., Rifampin was approved by
the FDA in 1971, and PZA was widely used only after
1980). Detailed information on the search strategy and
search outcomes can be found in the supplementary
material.

We included all languages in our search, as well as at
the stage of title and abstract review, to identify studies
for full text review. Studies published in English,
French, Portuguese, Spanish, Korean, Japanese, Man-
darin and Cantonese were eligible for inclusion. We did
not have the translation resources available to critically
assess articles written in other languages. The studies
had to report on participants that had successfully
completed PTB treatment, and who had been assessed
for at least one of the outcomes of interest (i.e., respi-
ratory impairment and other disability states, or com-
plications, as defined below). Furthermore, included
studies reported that the study participants or a subset
of the participants had successfully completed treatment
for PTB disease. PTB could be diagnosed either micro-
biologically or clinically based on history and/or radi-
ology. For studies reporting post-TB complications, only
those that reported sufficient information to permit the
calculation of prevalence or incidence of post-TB com-
plications were included. If more than one study
www.thelancet.com Vol 59 May, 2023
reported results from the same group of participants, we
included the information from the most relevant
publication.

Studies were excluded if they reported on a sample
size of less than 25 participants to try to avoid selection
bias as well as possible publication bias in studies with
extremely small sample sizes. We also excluded studies
that reported on participants who self-reported a history
of TB diagnosis and/or TB treatment (e.g., in
population-based questionnaires). Participants with
extra-pulmonary TB (including pleural TB or concomi-
tant pleural involvement) were excluded from analysis.
A study was excluded if it included participants with
extra-pulmonary TB and did not stratify results sepa-
rately for extra-pulmonary and pulmonary TB partici-
pants. We excluded extra-pulmonary TB as our aim was
to identify respiratory impairment and disability, as well
as pulmonary complications. Studies were excluded if
participants were a sub-set of all persons with TB dis-
ease at that centre, and were selected on the basis of: (i)
having more advanced or extensive disease, (such as
those with destroyed lung on the basis of imaging,
typically bilateral disease or cavitary disease); or, (ii) had
respiratory impairment at baseline (e.g. a study which
only included persons with abnormal spirometry), or
(iii) were “author defined” as having severe disease.
These were excluded to avoid selection bias for severe
impairment. Studies were excluded if participants had
PTB disease that had spontaneously resolved (i.e.,
resolved without treatment, or “inactive TB”). These
diagnoses are largely based on radiological findings,
which are non-specific, so there is no way to confirm
that the participants actually had tuberculosis.23,24 Re-
view articles, editorials, opinion letters, conference ab-
stracts and convenience samples were also excluded.
Two reviewers (JT and SL) independently screened ti-
tles, abstracts, and full text. When a consensus was not
achieved, a third reviewer was consulted (MB).

Data extraction
Two reviewers (JT and SL) extracted 20% of the data
using a standardised data form, then findings were
checked for concordance. The agreement was high
(95%); thus, the remaining data was extracted individ-
ually. Data extracted included study design, country,
level of care of the study site (primary, secondary, or
tertiary), inclusion criteria, and follow-up period. Given
the retrospective nature of assessing post-TB outcomes
in post-TB cross-sectional study designs, we considered
these studies to be retrospective cohort studies. We
collected information on the characteristics of the study
populations including age, sex, height, weight, BMI,
education level, smoking history, HIV status, and
medical co-morbidities. Extracted TB-related data con-
sisted of the method of TB diagnosis, treatment
regimen, drug susceptibility, number of TB treatment
episodes, sputum AFB smear grade, culture positivity,
3

www.thelancet.com/digital-health


Articles

4

and time from onset of symptoms to diagnosis and
treatment.

Mean spirometry data was extracted as well as the
number of participants with different categories of lung
impairment (obstructive, restrictive, or mixed patterns).
Symptom assessment scores, values on disability mea-
sures, and all related reference values/ranges for these
disability outcomes were extracted. For each type of
post-TB complication, the diagnostic modality, history
of the same complication prior to PTB, and the number
of participants who did and did not develop the
complication following TB treatment completion were
extracted.

Quality assessment
We adapted the Newcastle Ottawa Scale for observa-
tional cohort studies to evaluate the methodological
quality of the included studies. These included ques-
tions related to the ascertainment of exposure, outcome
assessments, and follow-up period. Detailed informa-
tion is displayed in Fig. S1. Two reviewers (JT and SL)
independently assessed the risks of bias, and any dis-
agreements were solved through consensus. Each
domain was scored as either “yes” or “no”, and each
“yes” domain was 1 point. Risk was categorised as either
“low risk” or “some concerns”. To be deemed “low risk”,
a study had to score a minimum of 5 points: 3 points
from the three critical questions (questions #1, #6, and
#7), and 2 points from the four remaining questions. All
studies not meeting the criteria for “low risk” were
deemed to have “some concerns” (Table S1). Of note, we
chose to not use the Joanna Briggs Institute Critical
Appraisal tool for Prevalence Studies because this tool
guides whether to include or exclude an article based on
quality assessment25; we believed that excluding articles
based on quality would have led to the exclusion of
many papers with valuable and pertinent findings.

Definitions of outcomes and measurement strategy
The outcomes considered and terminology used in this
review were informed by WHO’s International Classi-
fication of Function, Disability and Health (ICF).26 This
classification recognises disability as a global construct
encompassing impairment, activity limitations, and
participation restrictions. We defined post-TB respira-
tory impairment based on lung function measurements
(e.g., by spirometry), and post-TB disability was defined
on the basis of exercise capacity measured by the 6-min
walk test, and physical disability due to breathlessness
as measured by the MRC dyspnoea scale. Health con-
ditions that arise as complications of TB were also
assessed.

Post-TB impairments were identified from pre-
bronchodilator spirometry. Most studies did not mea-
sure lung volumes or diffusion capacity thus this
information could not be used for classification of im-
pairments. Of the studies reporting spirometric results,
some reported the actual spirometric values (means or
medians), other studies reported the number of persons
with abnormal results classified by type, and other
studies reported both spirometry values and classifica-
tions. Impairments were classified into three main types
by the authors as a) obstruction, b) restriction, or c)
mixed patterns.27 Most commonly, Obstruction was
defined as a forced expiratory volume in 1 s/forced vital
capacity ratio (FEV1/FVC) less than 70% or less than the
lower limit of normal (LLN); Restriction was defined as
FEV1/FVC ≥70% with FVC <80% predicted or < LLN;
Mixed pattern was defined as FEV1/FVC <70% with
FVC <80% predicted. Exceptions to these definitions are
outlined in the appendix. It is well-established that a
reduced FVC by itself does not prove a restrictive
impairment and that lung volumes are needed to
accurately classify restriction.27 However, included
studies did not measure lung volumes, possibly because
of the greater complexity and additional equipment
required for such measurements (i.e., body plethysmo-
graph). Therefore, restrictive impairments were defined
based on spirometry alone.

Other post-TB disability states included the impact of
shortness of breath on function, low functional exercise
capacity, and poor health-related quality of life. The
Medical Research Council (MRC) dyspnoea scale clas-
sifies, on a 1 to 5 scale (original) or 0 to 4 scale (modi-
fied) the extent to which breathlessness limits walking
and activities of daily living with the highest value rep-
resenting the most severe limitation.28 The Six Minute
Walk Test (6MWT) is a measure of functional walking
capacity and was originally developed for use with peo-
ple with pulmonary conditions.29 The St. George Res-
piratory Questionnaire (SGRQ) is a standardised,
airways disease specific respiratory questionnaire that
can be used to measure health-related quality of life. It
has been validated for use in the TB patient population
and has been translated into 77 languages.30,31 The
questionnaire comprises 50 items which are grouped
under three components, namely “symptoms” (8 items)
which measures respiratory symptoms, “activity” (16
items) which measures impairment of mobility or
physical activity, and “impact” (26 items) which mea-
sures the psychosocial impact of disease. Total scores
range from 0 to 100; higher scores correspond to worse
health-related quality of life.

After the successful completion of treatment for
PTB, respiratory complications included the persistence
of cavitation, and the development of fibrosis, bronchi-
ectasis, aspergilloma and lung cancer. Apart from lung
cancer, all other complications were diagnosed based on
radiological interpretation alone. Note that chronic pul-
monary aspergillosis (CPA) is an umbrella term for a
spectrum of diseases caused by various species of
Aspergillus and may be further categorised into five
subtypes, one of which is aspergilloma, defined as a
radiographic image of a ball or mass within a cavity.32
www.thelancet.com Vol 59 May, 2023
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The diagnosis of CPA ideally involves a combination of
clinical presentation, radiological findings, positive cul-
tures for Aspergillus, and serological tests (i.e., Asper-
gillus specific IgG). However, we accepted authors’
definition of aspergilloma based on radiological findings
alone.

Statistical analysis
Post-TB respiratory impairment
A meta-analysis of the spirometry results was per-
formed. First, we pooled the proportion of patients cat-
egorised by the original studies into three main patterns
of spirometry abnormalities: obstruction, restriction,
and mixed, as defined above. Generalised linear mixed
models with random effects with a binomial distribu-
tion and logit link were used for the analysis. Pooled
estimates were back transformed into proportions.33 We
used the “metaprop” function from package “meta”
(version 5.2.0) in R.

We pooled the following spirometric values: mean/
median absolute FEV1 (L), percent predicted FEV1, ab-
solute FVC (L), percent predicted FVC and ratio of FEV1/
FVC. Studies reported mean or median spirometry re-
sults, so we first harmonised the data by transforming
medians into means using the Box–Cox method34 and
the package “estmeansd” (version 0.2.1) in R. We then
used random-effects models and the inverse-variance
weighting method to pool the mean spirometry results
from each study using the “metamean” function from
package “meta” in R (version 5.2.0).

To assess possible sources of heterogeneity, pre-
specified analyses were performed and stratified by
smoking status, HIV status, drug-susceptible or
multidrug-resistant TB, microbiological confirmation of
TB (yes/no), and timing of spirometry (e.g., at the time
of diagnosis, at end-of-treatment, or after end-of-
treatment). In post hoc analysis, we performed ana-
lyses stratified by income setting (high-income versus
low- and middle-income) and by study level mean age of
included participants. Age was stratified into the
following categories: <18 years, 18–34 years, 35–49
years, 50–65 years, and >65 years.

Other post-TB disability outcomes
Three different measures of other disability states were
synthesised in our review: the MRC scale, 6MWT, and
the SGRQ.

Due to large and unexplained differences in SGRQ
scores between studies, we felt pooling these would not
have provided a meaningful summary. Instead, the in-
dividual scores were displayed for each study and for
each time point to demonstrate the trend over time
during and post-TB treatment.

For the measures using the MRC scale, we meta-
analysed the proportions of patients with moderate to
severe disability due to dyspnoea (i.e., walks slower than
other people or stops after 100 m or unable to leave the
www.thelancet.com Vol 59 May, 2023
house). The same model described above to pool pro-
portions was used. Data was stratified by HIV status,
drug resistance, and by pattern of spirometry abnor-
mality to address possible heterogeneity. We also per-
formed stratified analyses by mean age but not by
country-level income because all studies reporting
MRC data were from low- or middle-income countries.

Finally, 6MWT results were pooled. Equations
described elsewhere35 were used to calculate the lower
limit of normal for each population group based on their
mean height, age, sex, and weight. To estimate the
percent predicted, the mean distance reported in the
study was divided by their respective calculated lower
limit of normal. Random-effects models and inverse-
variance weighting were then used to pool mean dis-
tances and mean predicted values. We also performed
stratified analyses by drug sensitivity (MDR vs drug-
sensitive) and age, but not by country-level income
because all studies reporting 6MWT data were from low-
or middle-income countries.

Post-TB respiratory complications
For five complications after successful PTB treatment:
(i) the presence of persistent cavitation, (ii) fibrosis, (iii)
bronchiectasis, (iv) aspergilloma and (v) lung cancer, we
pooled the cumulative incidence as proportions using
generalised linear mixed models with random effects
with a binomial distribution and logit link. From studies
of post-TB lung cancer that included non-TB controls
and provided follow-up time in person-years, we esti-
mated pooled risk ratios and risk differences. For this
analysis, individual study outcome estimates were log or
logit transformed and random effects meta-analysed
using generalised linear mixed models with a Poisson
distribution. Pooled estimates were again back trans-
formed. For this analysis, we used function “matainc”
from package “meta” (version 5.2.0) in R. We also per-
formed stratified analyses by age and country-level
income.

Meta-regression
We conducted seven meta-regression models. In the
first model, we fit a logistic mixed effects regression
model. The dependent variable was the proportion of
patients with abnormal spirometry. The independent
variable was categorical, where cohorts were classified as
only patients with drug-susceptible or multidrug-
resistant TB. Coefficients were exponentiated to obtain
odds ratios. In the remaining models, we fitted a linear
mixed effects regression model, in which the dependent
variables were the study level mean of measurements of
lung function (FEV1 (L), FVC (L), FEV1% predicted,
FVC % predicted, FEV1/FVC ratio. The same indepen-
dent variable described above was used. We reported the
linear coefficients and their confidence intervals. We
used the package meta in R (version 5; 2) using the
metareg function.
5
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Heterogeneity
Heterogeneity was assessed using the I2 statistic36 and
prediction intervals.37

Publication bias
Publication bias was assessed visually using Doi plots
and quantitatively using LFK indices.38 Publication bias
was interpreted as unlikely if there was symmetry in the
Doi plots and if LFK indices fell between −1.0 and + 1.0.
Conversely, publication bias was considered likely if
there was asymmetry in the Doi plots and if LFK indices
were greater than 1.0 or less than −1.0. As previously
recommended by Cochrane, we only assessed publica-
tion bias for outcomes reported in at least 10 cohorts.39

Ethics
Specific ethics approval was not required due to the
study design.

Role of the funding source
The funding source had no role in study design, data
collection, analysis, interpretation, or manuscript
preparation.
Results
11,582 titles were identified in our search for titles
published between Jan 1, 1960, and Dec 6, 2022 (Fig. 1).
After excluding duplicates, 7385 abstracts were
screened, of which 464 full texts were reviewed. Among
those, 16 were excluded due to not having the trans-
lation resources available to critically assess articles in 7
languages. We included 60 studies and identified three
additional studies from reference lists of the included
studies. In total, 63 studies with 41,014 patients with
PTB were included40–80,81–102. Of the 63 studies, 61 were
unique study populations (two pairs of studies reported
different post-TB assessments in the same study
population52,53,73,99). For convenience, the 61 “study pop-
ulations” will be referred to as “studies” throughout this
manuscript. 14 of the 61 studies included control
groups; 4 studies with 816,079 controls assessed post-
TB lung cancer and 10 studies with 45,829 controls
assessed post-TB lung impairment. Using the quality
assessment tool shown in Fig. S1, overall, 22 studies
were deemed "low risk” of bias, and 39 studies “some
concerns” of bias (Table S1). Information on how con-
trol groups were matched to TB groups can be found in
Table S2.

20 studies were prospective cohorts, and forty-one
were retrospective cohorts (Table 1). No randomised
trials or case–control studies were included. The ma-
jority of studies (50/61, 82%) were from low- or middle-
income countries. Twelve studies assessed only patients
with DS-TB (drug-sensitive TB), four assessed only pa-
tients with multidrug-resistant TB (MDR-TB), 11
included patients with DS-TB and MDR-TB, and 34 did
not report data on drug susceptibility. In the 45 studies
reporting age, the mean age was 41.0 (SD 11.0). In the
17 studies reporting BMI, the mean BMI was 22.1 (SD
2.0). In the 13 studies that reported smoking pack-years,
the mean pack-year was 12.0 (SD 11.1). Additional pa-
tient and study characteristics are described in Tables S2
and S3.

Among 38 studies reporting actual results of
spirometry (Table 2 and Table S4), the pooled mean
FEV1 was 71.1% predicted, pooled mean FVC was
77.8% predicted, and pooled mean FEV1/FVC ratio was
0.76. Heterogeneity, based on the estimated I squared
values, was high for most of these pooled analyses. Ever-
smokers had lower mean values of all three parameters
than never-smokers. Participants treated for MDR-TB
had overall lower mean values than participants
treated for DS-TB. When results were stratified by
country level income, there was a notable decrease in
the percent predicted FEV1 and FVC in participants in
low- or middle-income countries compared to high-
income countries, but no difference when stratified by
participant age or study risk of bias.

Among 42 studies which reported spirometry ab-
normalities classified by type, the pooled proportion of
TB participants with abnormal spirometry was 59.1%
compared to 5.4% of controls (Table 3 and Fig. S2). The
precise definition of spirometry abnormality varied by
study (Table S5). The pooled proportions of type of
spirometry abnormalities were: 17.8% obstruction,
21.3% restriction, and 12.7% mixed pattern. When
stratified by smoking history, a higher proportion of
ever-smokers had obstruction compared to never-
smokers. When results were stratified by country level
income, there was a notable decrease in the pooled
proportion of participants with abnormal spirometry
and obstruction in participants from low-or middle-in-
come countries, but no difference when stratified by
participant age or study risk of bias (Table S6). When
stratified by time since diagnosis (Tables S7 and S8), the
proportions of participants with any spirometry abnor-
malities – or types of abnormalities – were different at
different time points, but without any clear pattern of
worsening or resolution over time; the measurements at
different time-points were made in different studies.

In meta-regression, there was a statistically signifi-
cant reduction in percent predicted FEV1 in MDR-TB
versus DS-TB participants (−16.16, 95% CI: −29.95
to −2.37). Similarly, MDR-TB participants had four-fold
higher odds of spirometry abnormalities than DS-TB
participants OR 3.97 (95% CI 0.98 to 16.19), but this
was of borderline statistical significance (Table 4).

Tables S9 and S10 summarise the post-TB disability
and post-TB complication outcomes assessed by indi-
vidual studies. As seen in Table 5, among 13 studies
with 3179 participants with PTB, at the end of treat-
ment, 72.6% had an MRC score of 1–2 and 24.7% had a
score of 3–5. A greater proportion of participants with
www.thelancet.com Vol 59 May, 2023
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Records screened
(n = 7,385)

Records excluded
(n = 6,921)

Full-text articles 
assessed for eligibility

(n = 464)

404 full-text articles excluded
- 138 wrong study type: 

117 abstracts
15 review articles
2 protocols
2 clinical trial registrations
1 letter to the editor
1 editorial

-96 do not report if cohort received TB 
treatment 
-72 do not report a denominator for outcome 
of interest (i.e. cannot calculate occurrence of 
outcome)
-22 included extra-pulmonary TB without 
stratification for PTB
-21 no outcome of interest
-16 languages which did not meet inclusion 
criteria (4 Russian, 4 Romanian, 3 Polish, 2
Hungarian, 1 Serbian, 1 German , 1 Persian)
-21 only included patients with severe disease
or only included patients with specific 
sequalae
-14 sample size <25 participants
-2 duplicate data
-2 cannot access full text

Publications included (n = 60)
Cohorts included (n = 58)

Records identified through Medline, Embase, 
Health Star, and Cochrane

(n = 11,582)
Duplicates excluded

(n = 4,197)

Reference 
publications 

included (n = 3)

Total publications included
(n = 63)

Total cohorts included
(n = 61)

Fig. 1: PRISMA flowchart of selected studies. PTB, pulmonary tuberculosis; TB, tuberculosis.

Articles
restriction had MRC scores >2, compared to participants
with obstruction (see also Table S11). When results were
stratified by participant age and study risk of bias, no
notable differences were observed (Table S12).

In 23 studies, the mean 6MWT performed at the end
of – or after – treatment was 431.5 m in all participants
(Table 6 and Table S13). In the 13 studies for which the
percent predicted could be calculated, the pooled mean
distance was 440.5 m which corresponded to 78.9%
predicted. In 5 studies of only DS-TB participants, the
www.thelancet.com Vol 59 May, 2023
pooled mean 6MWT was 474.6 m (84,3% predicted)
compared to 403.0 m in 3 studies which included MDR-
TB or DR-TB participants (70.5% predicted). When re-
sults were stratified by participant age and study risk of
bias, no notable differences were observed (Table S14).

SGRQ scores varied widely, without clear reasons for
the large differences between studies. However, a more
consistent finding was that scores were worse at the
time of TB diagnosis and improved during treatment
and thereafter (Fig. 2, Tables S15 and S16).
7
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Characteristics Study populations (n = 61) TB participants (n = 41,014)

Study characteristics

Study design

Retrospective 41 37,555

Prospective 20 3459

Inclusion of comparator group

No: Only TB participants 48 19,900

Yes: TB patients and controlsa 13 21,114

World Bank income category for country of study

High income 10 30,355

Low or middle income 50 10,598

Both low and high income (multicentric study) 1 61

Level of care at study site

Primary care 4 485

Secondary care 21 3793

Tertiary care 23 5288

Mixed care 3 6536

Not reported 10 24,912

Participant characteristics

Demographic

Male sex

≥60% of population 28 13,950

<60% of population 24 12,111

Female sex

≥60% of population 3 465

<60% of population 49 25,596

Sex not reported 9 14,953

Mean age (SD)c 45 41.0 (11.0)

Mean BMI (SD)c 17 22.1 (2.0)

DST status

Only DS-TB 12 3071

Only MDR-TB 4 225

Mixed DS-TB and MDR-TB 11 1168

Not reported 34 36,550

Method of confirmation of TB diagnosis

Microbiologically confirmed 26 6271

Mixed (clinical, radiological, microbiological)b 7 1833

Not reported 28 32,910

Smoking status

All never-smokers 5 1760

All ever-smokers 1 44

Mixed 44 15,640

Not reported 11 23,570

Mean pack/year (SD)c 13 12.0 (11.1)

HIV status

All HIV negative 7 691

All HIV positive 2 216

Mixed 23 9419

Not reported 29 30,688

Outcomes

Pulmonary function 51

Only reported spirometry measures 9 3955

Reported only classification of abnormality 13 2870

Reported both spirometry measures and classification of abnormality 29 3952

(Table 1 continues on next page)
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Characteristics Study populations (n = 61) TB participants (n = 41,014)

(Continued from previous page)

Post-TB complications 20

Lung cancer 5 32,951

Extra-pulmonary cancer 2 11,988

Bronchiectasis 7 2547

Aspergilloma 4 1710

Cavitation 11 1664

Fibrosis 5 1403

Measures of disability 30

Medical Research Council (MRC) dyspnoea scale 13 3179

Six-minute walk test (6MWT) 16 1491

St. George’s Respiratory Questionnaire (SGRQ) 8 1212

TB, tuberculosis; DST, drug sensitivity; DS-TB, drug susceptible tuberculosis; MDR-TB, multidrug-resistant tuberculosis; SD, standard deviation; BMI, body mass index. aTotal
Control participants included = 861,908. bOf the studies that confirmed TB with mixed methods, the proportion of diagnoses confirmed microbiologically ranged from 40%
to 80%. cShown as the number of studies in the population which reported on the characteristic, followed by the mean (SD).

Table 1: Summary of characteristics of included studies and participants.

Articles
The occurrence of several post-TB complications
ranged from 1.9% developing aspergillomas to 37.4%
developing fibrosis, 16.8% bronchiectasis, and 31.4%
persistent cavitation (Tables 7 and S17). Four studies
reported data on incidence of lung cancer, with an
Meta-analysis Number of study populations Pool

All TB patients

FEV1 (L) 24 2.2 (

FEV1% pred 32 71.1

FVC (L) 23 3.0 (

FVC % pred 28 77.8

FEV1/FVC ratio 31 0.76

Controls

FEV1 (L) 3 2.9 (

FEV1% pred 2 89.1

FVC (L) 2 3.2 (

FVC % pred 2 83.9

FEV1/FVC ratio 2 0.89

DS-TB

FEV1 (L) 6 2.2 (

FEV1% pred 6 74.3

FVC (L) 5 3.2 (

FVC % pred 6 79.4

FEV1/FVC ratio 7 0.77

MDR-TB

FEV1 (L) 4 2.1 (

FEV1% pred 5 57.6

FVC (L) 4 2.8 (

FVC % pred 4 68.0

FEV1/FVC ratio 5 0.71

Pooled estimates included all persons at risk for respiratory impairment (I.e., the denomin
respiratory impairment). “-“ Denotes prediction interval was not able to be estimated.
tuberculosis; MDR-TB, multidrug-resistant tuberculosis; FEV1, forced vital capacity in 1 se
confidence interval.

Table 2: Lung function abnormalities: Pooled spirometry results among stud

www.thelancet.com Vol 59 May, 2023
incidence rate ratio of 4.0 (95% CI: 2.1–7.6) and an
incidence rate difference of 2.7 per 1000 person-years
(95% CI: 1.2–4.2) when compared to controls
(Table 8). As summarised in Table S18, two studies
adjusted for cigarette smoking, and the other two
ed estimate (95% CI) Prediction interval I2

2.0–2.3) 1.4 to 3.0 97.0%

(66.5–75.7) 44.3 to 97.9 97.2%

2.8–3.1) 2.2 to 3.7 95.8%

(73.5–82.1) 54.3 to 101.4 97.1%

(0.73–0.79) 0.6 to 0.9 97.8%

2.6–3.1) – 92.3%

(84.4–93.9) – 79.2%

3.2–3.3) – 20.3%

(68.4–99.3) – 97.5%

(0.76–1.02) – 99.5%

1.9–2.6) 1.0 to 3.5 97.7%

(70.6–78) 62.3 to 86.3 77.2%

2.9–3.5) 2.1 to 4.2 92.8%

(72.9–85.9) 56.0 to 102.7 90.8%

(0.72–0.83) 0.6 to 1.0 99.0%

1.8–2.4) 0.6 to 3.6 85.5%

(43.2–72) 1.4 to 100.0 96.9%

2.6–3.1) 1.9 to 3.8 61.0%

(51.6–84.4) 0.0 to 100.0 95.0%

(0.70–0.80) 0.5 to 0.9 84.1%

ator in these estimates was all persons post-TB in the studies reporting on post-TB
TB, tuberculosis; HIV, human immunodeficiency virus; DS-TB, drug susceptible
cond; FVC, forced vital capacity; %pred., percentage of predicted value; L, litres; CI,

ies that reported actual measurements of lung function.

9
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Meta-analysis Number of study populations Proportion of participants (n/N) Pooled estimate (95% CI) Prediction intervals I2

All TB patients

Abnormal 42 4082/9864 59.1% (48.8%–68.7%) 8.4%–95.8% 98.3%

Obstruction 41 1882/9803 17.8% (13.4%–23.1%) 2.5%–64.5% 96.6%

Restriction 35 1339/5822 21.3% (15.3%–28.9%) 2.3%–75.7% 95.4%

Mixed pattern 30 861/5095 12.7% (8.2%–19.2%) 1.0%–68.9% 93.2%

Controls

Abnormal 4 794/21,804 5.4% (2.6%–10.8%) 0.2%–67.7% 97.4%

Obstruction 4 794/21,804 5.4% (2.6%–10.8%) 0.2%–67.7% 97.4%

Restriction/Mixed 0 – – – –

DS-TB

Abnormal 12 1677/2900 54.4% (41.8%–66.5%) 13.7%–89.9% 96.3%

Obstruction 12 777/2900 16.8% (9.6%–27.5%) 1.7%–70.6% 94.2%

Restriction 11 493/2771 16.1% (6.8%–33.8%) 0.5%–89.0% 96.9%

Mixed pattern 7 407/2086 14.5% (6.5%–29.4%) 0.7%–80.4% 96.4%

MDR-TB

Abnormal 7 178/286 85.9% (49.5%–97.4%) 1.1%–100.0% 93.3%

Obstruction 7 57/286 18.8% (11.3%–29.6%) 3.5%–59.9% 71.9%

Restriction 5 41/161 24.2% (15.5%–35.9%) 6.0%–61.7% 27.%

Mixed pattern 4 80/134 60.1% (47.3%–71.6%) 18.0%–91.1% 60.5%

HIV positive

Abnormal 3 111/398 27.8% (19.4%–38.0%) 0.2%–98.8% 79.6%

Obstruction 3 54/398 13.9% (10.1%–18.8%) 0.9%–75.1% 44.3%

Restriction 2 54/316 17.1% (13.3%–21.6%) – –

Mixed pattern 1 3/85 3.5% (1.1%–10.4%) – –

HIV negative

Abnormal 7 739/985 82.6% (65%–92.4%) 14.9%–99.2% 95.2%

Obstruction 7 396/985 30.1% (17.1%–47.3%) 3.0%–85.5% 94.3%

Restriction 6 123/728 17.3% (14.0%–21.3%) 10.4%–27.4% 35.7%

Mixed pattern 6 220/826 30.3% (15.2%–51.4%) 1.7%–91.7% 92.6%

Pooled estimates included all persons at risk for respiratory impairment (I.e., the denominator in these estimates was all persons post-TB in the studies reporting on post-TB
respiratory impairment). “-“ Denotes prediction interval was not able to be estimated. TB, tuberculosis; HIV, human immunodeficiency virus; DS-TB, drug susceptible
tuberculosis; MDR-TB, multidrug-resistant tuberculosis; FEV1, forced vital capacity in 1 s; FVC, forced vital capacity; %pred., percentage of predicted value; L, litres; CI,
confidence interval; LLN, lower limit of normal. aDefinitions of spirometry abnormalities: Obstruction pattern = FEV1/FVC < LLN or <70%; Restriction pattern = FEV1/FVC
ratio >70% and FVC <80% or < LLN; Mixed pattern = FEV1/FVC ratio <70% and FVC <80% pred. Exceptions to these definitions are outlined in the appendix (Table S5).

Table 3: Lung function abnormalities: Pooled proportions of TB participants with different types of spirometry abnormalities.a
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adjusted for incidence of chronic obstructive pulmonary
disease (COPD) – a proxy of smoking exposure.

Estimates of heterogeneity for most of the pooled
estimates of outcomes were significant (i.e., I2 50–80%)
or substantial (i.e., I2 >80%) with wide prediction in-
tervals, as seen in Tables 2, 3, 5–8, and Tables S4, S6–8,
S12, S14, S17. Publication bias was considered unlikely
for studies reporting the mean post-TB FVC percent
predicted (LFK index −0.7) but likely for all other out-
comes (Fig. S3).
Discussion
In this systematic review and meta-analysis, the occur-
rence of post-PTB impairment, functional disability and
complications was high. While the pattern of abnor-
malities differed between studies, over half of all per-
sons had abnormal spirometry following successful
treatment for PTB. With regards to functional disability,
a considerable proportion (24.7%) of post-PTB partici-
pants had activity-limiting dyspnoea (i.e., an MRC score
of greater than 2), and patients achieved only 78.9% of
predicted on the 6-min walk test. As for post-PTB
complications, a striking finding in our review was the
fourfold higher risk of developing lung cancer in post-
PTB participants compared to controls.

As summarised in Table S19, a systematic review in
2011 reported an odds ratio range of 2.6–8.9 for devel-
oping COPD and estimated an annual decline in FEV1
and FVC of 30–45 mL.4 A systematic review from 2013
reported that nearly 90% of studies reported a positive
association between PTB and chronic airflow obstruc-
tion,5 and a meta-analysis in 2015 demonstrated a
threefold higher odds of developing COPD after TB.6,10

A more recent 2021 meta-analysis reported the pooled
prevalence of respiratory impairment (defined as the
development of any type of abnormal lung function or
respiratory complication) to be 23.1% overall, and
www.thelancet.com Vol 59 May, 2023
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Linear meta-regression of spirometry measurements in MDR
compared to DS-TB

Meta-regression Number of study
populations

Coefficients (95% CI)

FEV1 (L) 10 −0.17 (−0.66 to 0.33)

FEV1% predicted 11 −16.16 (−29.95 to −2.37)a

FVC (L) 9 −0.33 (−0.73 to 0.06)

FVC % predicted 10 −10.98 (−26.13 to 4.17)

FV1/FVC ratio 12 −0.07 (−0.15 to 0.02)

Logistic meta-regression of odds of abnormala spirometry results

Meta-regression Number of study
populations

Odds ratio (95% CI)

DS-TB 19 Reference

MDR-TB 19 3.97 (0.98–16.19)

Pooled estimates included all persons at risk for respiratory impairment (i.e., the
denominator in these estimates was all persons post-TB in the studies reporting
on post-TB respiratory impairment). DS-TB, drug susceptible tuberculosis; MDR-
TB, multidrug-resistant tuberculosis; FEV1, forced vital capacity in 1 s; FVC,
forced vital capacity; %pred., percentage of predicted value; L, litres; CI,
Confidence Interval. aAny type of spirometry abnormality including obstruction,
restriction, or mixed pattern.

Table 4: Meta-regression of spirometry results.

Articles
higher in DR-TB than DS-TB participants.3 Using more
strict TB-related inclusion criteria, in our review the
proportion of persons with abnormal spirometry was
Population Outcome Number of study populations Pro

All TB patients MRC 1–2b 13 24

MRC 3–5b 13 70

MDR-TB MRC 1–2 1 24

MRC 3–5 1 8/3

DS-TB MRC 1–2 1 119

MRC 3–5 1 25/

HIV positive MRC 1–2 2 336

MRC 3–5 2 107

HIV negative MRC 1–2 2 26

MRC 3–5 2 92

Obstructionc MRC 1–2 2 18

MRC 3–5 2 42

Restrictionc MRC 1–2 2 129

MRC 3–5 2 67

Mixed patternc MRC 1–2 2 98

MRC 3–5 2 72/

Pooled estimates included all persons at risk for disability (I.e., the denominator in thes
except with strenuous exercise, 2 = dyspnoea when hurrying on the level or walking up a
when walking at own pace on the level, 4 = stops for breath after walking 100 m or after
interval was not able to be estimated. TB, tuberculosis; HIV, human immunodeficiency v
1 s; FVC, forced vital capacity; CI, confidence interval. aDue to pooling, estimates (%) do
equivalent score on the Modified Medical Research Council (mMRC) scale. An MRC score
measured by spirometry after 6 months of treatment. Manji [70], performed spirometry
abnormalities: Obstruction pattern = FEV1/FVC < LLN or <70%; Restriction pattern = FEV1
these definitions are outlined in the appendix (Table S5).

Table 5: Pooled estimates of Medical Research Council (MRC) Dyspnoea score

www.thelancet.com Vol 59 May, 2023
higher at 59.1%, with 62.3% vs 9.3% of persons with
abnormal spirometry in studies in low-middle
compared to high-income countries. We also found a
four-fold increase in odds of spirometry abnormalities
in MDR-TB compared to DS-TB participants. We did
not assess changes in lung function parameters over
time, but we found that post-TB participants had
significantly lower lung function parameters than
controls.

Our review found that lung cancer incidence was
substantially higher among post-PTB participants than
among controls (IRR 4.0, 95% CI 2.1–7.6), as has been
reported in six previous meta-analyses, although mea-
sures of association varied. A review published in 2009
estimated a relative risk of 2.9 (95% CI 1.6–5.3) after
controlling for lifetime tobacco smoke exposure,18 a
relative risk of 1.69 (95% CI 1.46–1.95) in a 2020 re-
view,13 a pooled summary estimate of 1.85 (95% CI
1.52–2.25) in a 2021 review,16 a relative risk of 2.17 (95%
CI 1.83–2.57) in a 2022 review,14 an odds ratio of 2.09
(95% CI 1.62–2.69) in another 2022 review,15 and finally
an odds ratio of 1.74 (95% CI 1.42–2.13) in the most
recent review after adjusting for age and smoking.17

Our review found the occurrence of several other
post-TB complications to be high, which compares
similarly to Meghji et al. who reported high prevalence
of cavitation (8.3–83.7% on CXR versus 7.4–34.6% on
CT), fibrosis (25.0–70.4% on CXR versus 70.0–92.6% on
portion of participants (n/N) Pooled estimate (95% CI) Prediction interval I2

39/3179 72.6% (64.4%–79.6%) 35.8%–92.7% 92.8%

6/3179 24.7% (18.8%–31.7%) 7.6%–56.8% 92.2%

/32 75.0% (57.4%–87.0%) – –

2 25.0% (13.0%–42.6%) – –

/144 82.6% (75.6%–88.0%) – –

144 17.4% (12.0%–24.4%) – –

/443 75.8% (71.6%–79.6%) – 21.5%

/443 24.2% (20.4%–28.4%) – 21.5%

6/358 74.3% (69.5%–78.6%) – 1.3%

/358 25.7% (21.4%–30.5%) – 1.3%

5/227 81.5% (75.9%–86.0%) – 63.1%

/227 18.5% (14.0%–24.1%) – 63.1%

/196 69.6% (52.1%–82.8%) – 88.7%

/196 30.4% (17.2%–47.9%) – 88.7%

/170 56.6% (38.4%–73.3%) – 90.8%

170 43.4% (26.7%–61.6%) – 90.8%

e estimates was all persons post-TB in the studies reporting on post-TB MRC scores). MRC Scale: 1 = no dyspnoea
slight hill, 3 = walks slower than people of the same age on the level because of dyspnoea or has to stop for breath
a few minutes on the level, 5 = too dyspneic to leave the house or breathless when dressing. “-“ Denotes prediction
irus; DS-TB, drug susceptible tuberculosis; MDR-TB, multidrug-resistant tuberculosis; FEV1, forced vital capacity in
not always add up to 100%. MRC was measured at the end of treatment or after treatment completion. bOr an
of 1–2 is equivalent to an mMRC score of 0–1. An MRC score of 3–5 is equivalent to an mMRC score of 2–4. cAs

after 5 months of treatment. Only measures at end of treatment were used for this table. Definitions of spirometry
/FVC ratio >70% and FVC <80% or < LLN; Mixed pattern = FEV1/FVC ratio <70% and FVC <80% pred. Exceptions to

.a
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Population All studies Only studies in which percent predicted could be calculated

Pooled estimate (m) Pooled estimate (m) Pooled percent predicted (%)

Allb

Number of study populations 23 13 13

Outcome (95% CI) 431.5 (390.4–472.6) 440.5 (395.2–485.8) 78.9 (69.2–90.0)

Prediction interval 220.2 to 642.8 253.5 to 627.4 45.8 to 100.0

I2 99.4% 99.0% 98.9%

MDR-TB or DR-TB

Number of study populations 7 3 3

Outcome (95% CI) 372.4 (270.7–474.1) 403.0 (294.2–511.7) 70.5 (49.9–99.6)

Prediction interval 0.0 to 747.4 – –

I2 99.6% 95.1% 97.6%

Only DS-TB

Number of study populations 10 5 5

Outcome (95% CI) 465.2 (422.7–507.7) 474.6 (396–553.3) 84.3 (70.8–100.3)

Prediction interval 303.8 to 626.6 166.0 to 783.3 42.6 to 100.0

I2 99.2% 99.6% 99.4%

Pooled estimates included all persons at risk for disability (I.e., all persons post-TB who underwent 6MWT). “-“ Denotes prediction interval was not able to be estimated. TB,
tuberculosis; MDR-TB, multidrug-resistant tuberculosis; DS-TB, drug sensitive tuberculosis; EOT, end of treatment; m, metres; CI, confidence interval. a6MWT was measured
at end of treatment or after treatment completion. bIncludes both MDR-TB and DS-TB studies, and studies that either reported mixed populations (MDR and DS). Note also
that some studies reported 6MWT results for multiple cohorts.

Table 6: Pooled mean estimates of 6-min walk test (6MWT).a
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CT), and bronchiectasis (4.3–11.2% on CXR versus
35.0–86.0% on CT).12 We did not specifically examine if
the incidence of these complications differed by the
imaging modality utilised. However, of the 15 included
studies which reported the incidence of post-TB com-
plications based on imaging, 9 used CXR, 2 used CT, 2
used a combination of both CXR and CT, and 2 did not
report the imaging modality used (Table S9). Therefore,
Meghji’s findings raise the possibility that the true
Fig. 2: Mean total St. George’s Respiratory Questionnaire scores at
incidence of certain complications, such as fibrosis and
bronchiectasis, could be higher given that the sensitivity
for these radiological diagnoses is higher on CT scan
compared to CXR,103 and many centres in TB-endemic
settings globally do not have access to CT imaging.

In addition to assessing outcomes of post-TB com-
plications and impairment, this systematic review per-
formed a comprehensive evaluation of post-TB
functional disability. This review has demonstrated that
different time points. TB, tuberculosis; EOT, end of treatment.
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Population Outcome n Cavitation Fibrosis Bronchiectasis Aspergilloma

TB Number of study populations 5 11 5 7 4

Proportion of participants (n/N) 680/32,951 438/1479 402/1403 423/2547 32/1710

Pooled estimate (95% CI) 2.1% (1.2%–3.9%) 31.4% (18.6%–47.7%) 37.4% (21.0%–57.5%) 16.8% (5.1%–43.4%) 1.9% (0.9%–4.1%)

I2 98.1% 93.4% 98.3% 98.9% 82.9%

Prediction interval 0.2%–19.8% 3.0%–87.0% 2.4%–93.6% 0.2%–96.4% 0.1%–39.9%

Pooled estimates included all persons at risk for complications (I.e., the denominator in these estimates was all persons post-TB in the studies reporting on post-TB complications). TB, tuberculosis; CI,
confidence interval.

Table 7: Incidence of complications: Pooled estimates of incidence of complications after successful TB treatment.

Articles
the occurrence of post-PTB impairment, other disability
states, and complications is substantial, with marked
decrement in predicted scores across all outcomes. This
highlights the negative impact of respiratory impair-
ment and complications on the quality of life of TB-
survivors. Furthermore, the scarcity of high-quality
studies assessing post-TB disability and complete lack
of intervention studies are important gaps in the
literature.

There are several important limitations to consider.
Notably, there was significant clinical heterogeneity
among the included studies, related to differences in
drug susceptibility results, smoking history, HIV status
and age of participants. Based on the calculated I
squared values and prediction intervals, heterogeneity
was high for pooled estimates of nearly all outcomes of
interest. Publication bias was considered likely for the
majority of outcomes in which this could be assessed.
Quality assessment also indicated overall low-quality
evidence in this field. Hence, inferences should be
made with caution. Reporting of clinical data was
limited in many studies, making it challenging to assess
the impact of clinical characteristics such as co-
morbidities on measured outcomes. Studies differed
in methods of ascertaining outcomes. For example,
outcomes were measured at differing time points post-
PTB treatment. Additionally, differing definitions were
reported for the classification of spirometry abnormal-
ities, and the classification of spirometry abnormalities
was based on spirometry measures alone without
considering measures of lung volume or diffusion ca-
pacity. This is especially problematic when defining
restrictive impairments, as a reduced FVC by itself does
not prove a restrictive impairment and is associated with
a low total lung capacity (TLC) less than half the
Population Number of study
populations

Proportion of participants with
lung cancer (n/N)

Lung ca
PY (95%

TB 4 290/89,429 3.9 (2.5
Controls 4 3197/7,288,122 1 (0.4–2

Pooled estimates included all persons at risk for complications (I.e., the denominator i
complications). TB, tuberculosis; PY, person-years; CI, confidence interval; NA, not applic
I2 = 99.9%.

Table 8: Incidence of complications: Pooled estimates of incidence of lung ca
non-TB controls.

www.thelancet.com Vol 59 May, 2023
time.104,105 Therefore, classifying restriction based on
spirometry alone likely overestimates its occurrence.
Absolute spirometry measurements were typically not
stratified by the pattern of abnormality, thus making it
difficult to meta-analyse this data. Post-TB complica-
tions were diagnosed based on radiological interpreta-
tion alone and were therefore subject to inter-reader
variability. There were relatively few prospective studies,
and these tended to have small study populations.
Finally, we could not identify any studies that calculated
measures of burden of disease (e.g., QALYs or DALYs).

The strengths of this review include the large num-
ber of cohorts meta-analysed (N = 61) and the large
population of participants with PTB (N = 41,014), which
allowed us to perform more detailed stratified analyses.
We also evaluated cohorts from different countries, with
a wide range of socioeconomic status and resource
availability, enhancing the generalizability of our find-
ings. In this review, a wide range of outcomes were
assessed, including spirometry abnormalities, func-
tional disability, and respiratory complications. More-
over, these outcomes were assessed only in participants
who had already successfully completed treatment, thus
identifying participants who still had negative outcomes
despite apparent cure.

In order to develop a comprehensive understanding
of the total health burden that may remain after treat-
ment of PTB, future studies should have more stand-
ardised methods in how they assess outcomes
pertaining to health-related quality of life. Outcomes
should be assessed at similar time points, both before
treatment completion (to establish baselines) and far
enough after treatment (e.g., one year post-treatment) to
understand the dynamics of post-TB disability over
time. Cohorts should include detailed demographic and
ncer per 1000
CI)

Incidence rate ratio
(95% CI)

Incidence Rate Difference per
1000 PY (95% CI)

–6)a 4 (2.1–7.6) 2.7 (1.2–4.2)
.4)b NA NA

n these estimates was all persons post-TB in the studies reporting on post-TB
able. aPrediction interval: 0.49 to 30.64, I2 = 92.3%. bPrediction interval: 0 to 7.4,

ncer after successful TB treatment in studies also reporting incidence in
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clinical data related to participants’ other comorbidities
in order to estimate the impact of PTB more precisely
on post-TB outcomes. Future systematic reviews can
also consider performing individual patient data meta-
analyses to better adjust for confounding variables at
the individual level. In addition, it will be important for
future studies to translate measures of disability into
quality-adjusted life years, similar to what has been done
in the COPD population.106

The mechanisms that lead to respiratory impair-
ments and disability after successful treatment of PTB
are unclear. We suggest that careful identification of
determinants of these outcomes might be a helpful way
to generate hypotheses about these mechanisms. How-
ever, in this review, relatively few studies reported as-
sociations of disability or impairment with participant
characteristics, limiting our ability to generate hypoth-
eses. In the few studies assessing determinants, lung
impairment was greater in persons treated in low- and
middle-income settings, or with MDR-TB. These are
both markers of greater extent of disease which may
lead to more lung destruction. We suggest that future
studies assess potential determinants of disability,
including extent of disease, cavitation, age, cigarette
smoking, obesity, and comorbid illnesses such as HIV
and diabetes. In addition to generating hypotheses
regarding pathogenesis, understanding the de-
terminants of disability could guide future studies of
strategies to limit or prevent disability, as well as identify
optimal management for post-TB complications.

In conclusion, the findings of this review underscore
the important morbidity caused by PTB and that PTB is
a major cause of disability globally. This, in turn, em-
phasises the importance of prevention, including TB
Preventive Therapy; by preventing TB disease with its
immediate consequences, these strategies will also
prevent long term post-PTB impairment, functional
disability, and complications.
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