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Background: Prior pulmonary tuberculosis (TB) can cause permanent changes in lung anatomy and is
associated with lung function loss. However, it remains unclear whether pulmonary function impairment
owing to TB is associated with airflow obstruction, the hallmark of chronic obstructive pulmonary disease
(COPD). The aim of this systematic review and meta-analysis was to assess the association and quantify the
magnitudes of association between pulmonary TB and COPD, and to evaluate the prevalence of COPD in
patients with prior pulmonary TB.

Methods: We searched the PubMed, Embase, and Web of Science databases for studies published from
inception to January 1, 2020. Pooled effect sizes were calculated according to a random effects model or fixed
effect model depending on heterogeneity. Specific subgroups (different diagnostic criteria, smoking status,
income level) were examined.

Results: A total of 23 articles were included in this study. Compared with controls, patients with
pulmonary TB had an odds ratios (ORs) of 2.59 [95% confidence interval (CI): 2.12-3.15; P<0.001] for
developing COPD. In jackknife sensitivity analyses, the increased risk of prior pulmonary TB remained
consistent for COPD; when the meta-analysis was repeated and one study was omitted each time, the ORs
and corresponding 95% Cls were greater than 2. Funnel plots of ORs with Egger’s linear regression (t=2.00,
P=0.058) and Begg’s rank correlation (Z=0.75, P=0.455) showing no significant publication bias. Subgroup
analysis showed that the same conclusion was still present in never smokers (ORs 2.41; 95% CI: 1.74-3.32;
P<0.001), patients with pulmonary TB diagnosed using chest X-ray (ORs 2.47; 95% CI: 1.23-4.97; P<0.001),
and low- and middle-income country (LMIC) settings (ORs 2.70; 95% CI: 2.08-3.51; P<0.001). The pooled
prevalence of COPD in patients with prior pulmonary TB was 21% (95% CI: 16-25%; P<0.001).
Conclusions: Individuals with prior pulmonary TB have an increased risk and high prevalence of COPD.
Future studies identifying the underlying mechanisms for TB-associated COPD and therapeutic strategies

are required.
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Introduction

Chronic obstructive pulmonary disease (COPD) is an
umbrella term for various clinical entities, and the airflow
obstruction cannot be fully reversible due to various
reasons (1). COPD led to 3.2 million deaths in 2017 and
will be the third leading cause of death globally by 2030
(2,3). The most conventional risk factor for COPD is
smoking, but smoking certainly is not the only factor (4).
Over 90% of COPD-related morbidity and mortality
occurs in low- and middle-income country (LMIC) settings
where a significant proportion of those with COPD are
never smokers (5,6). Thus, the current understanding of
risk factors for COPD is incomplete in many respects.

Tuberculosis (TB) is the leading infectious disease
worldwide, responsible for over 10 million new cases and
1.5 million deaths (7). The treatment success rate for TB
is increasing; nevertheless, prior pulmonary TB can cause
permanent damage to lung anatomy and is associated with
lung function loss (8). It is unclear whether pulmonary
function impairment owing to TB is associated with airflow
obstruction, the hallmark of COPD.

One previous systematic review published in 2013
had only summarized the risk of COPD in patients with
prior pulmonary TB but this systematic review was not
quantitative analyses (9). Another previous systematic review
published in 2015 quantitative analyzed the relationship
between prior pulmonary TB and COPD but this systematic
review included the study of bronchiectasis in quantitative
synthesis (10). Since 2015, many new studies have looked
at the association between pulmonary TB and COPD.
Therefore, current evidence and comprehensive quantitative
analysis of prior pulmonary T'B as a risk factor for COPD
are needed to provide clinicians and researchers with the
most up-to-date information. At the same time, pooling the
effects of individual studies in meta-analysis may improve
the statistical power and help to identify modest risk
differences among study groups. Moreover, our study was
able to perform subgroup meta-analyses and generate pooled
ORs for various definitions of COPD, definitions of prior
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pulmonary TB, income level, and smoking status. With
this in mind, we performed a systematic review and meta-
analysis to evaluate the epidemiological links and magnitude
of the association between COPD and prior pulmonary
TB. We present the following article in accordance with
the PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4576) (11).

Methods

The study protocol was registered with the International
Prospective Register of Systematic Reviews (registration
number CRD42020153304, https://www.crd.york.ac.uk/
PROSPEROY).

Literature search

Two investigators (FH and JL) independently searched the
Embase, Web of Science and PubMed databases for studies
published from inception to January 1, 2020, with no
language restrictions. The search terms and related variants
used included “COPD?”, “chronic obstructive pulmonary
disease”, “tuberculosis”, and “TB”. Further details of the
search strategy are presented in Appendix 1. The terms
were chosen by two investigators (FH and JL) and by
checking keywords in other articles and reviews on similar
topics. The references from other related articles and the
selected papers were manually reviewed to identify potential
studies of interest.

Study selection

Two investigators (HF and JL) independently reviewed
all potentially relevant manuscripts. Disagreements or
uncertainties were resolved by a third investigator (FW).
The initial investigation included reviews of article titles
and abstracts. Articles were mainly excluded owing to non-
COPD comorbidities and unextractable data. The secondary
investigation included full-text review, and selection of
articles based on inclusion and exclusion criteria. The studies
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included in this systematic review and meta-analysis met
the following inclusion criteria: (I) case-control study, cross-
sectional study, or cohort study design; (II) comparison of
at least two groups (COPD and control group, or prior
pulmonary TB and control group); (II) reporting odds ratio
(OR) to estimate the association between COPD and TB,
with a corresponding 95% confidence interval (CI), or enough
data to calculate these; (IV) independent of other studies.
Studies with the same data set as published studies were not
considered independent. We selected observational studies
that included a specific definition for COPD and TB. The
preferred definition of COPD was according to the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
criteria [post-bronchodilator forced expiratory volume in
1 second (FEV))/ forced vital capacity (FVC) <0.7]. Articles
using pre-bronchodilator FEV /FVC <0.7, FEV,/FVC < the
lower limit of normal (LLN), and chronic bronchitis (CB)
were included, although some cases were not characterized
by airflow obstruction that is not completely reversible. CB
was clinically diagnosed as chronic cough or phlegm on most
days for >3 months per year for at least 2 consecutive years.
The definitions for TB included self-reported TB or TB
lesions on chest X-ray.

Data extraction

Two investigators (HF and JL) independently evaluated the
quality of all identified studies and extracted and entered
the data. These authors then independently verified
the quality of the identified studies and validity of the
extracted data. Differences were resolved in discussion
or if necessary, by a third investigator (FW). We divided
income level according to World Bank standards (12). The
extracted data were recorded as follows: first author, year
of publication, location, income level, population, study
design (cross-sectional study, case-control study, or cohort
study), characteristics of study participants (sample size, age,
definition of prior pulmonary TB, and diagnosis criteria of
COPD), proportion of patients with COPD who had TB,
and OR and 95% CI of the main outcome.

Quality assessment of included studies

Two investigators (HF and JL) independently assessed the
quality of the included studies using a 22-point quality
assessment tool based on the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
score, which is a quality measure for observational
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studies (13). The highest possible score is 22 points, as
shown in Tuble 1.

Statistical analysis

The primary outcome of this meta-analysis was the OR
for COPD in patients with prior pulmonary TB compared
with the population without pulmonary TB, and the
pooled prevalence of COPD in individuals with prior
pulmonary TB. Subgroup analyses were performed with
stratification according to definition of COPD, definition
of prior pulmonary TB, income level, and smoking status.
Heterogeneity within the pooled studies was evaluated
using the I’ statistic (significant if I">50%); depending on
whether there was heterogeneity between studies, a fixed
effects model or random effects model was used (37).
Publication bias was evaluated using funnel plots, Begg’s
tests, and Egger’s tests (38). We also conducted a jackknife
sensitivity analysis to limit the impact of outliers or extreme
observations. All statistical analyses were conducted
using Stata/SE version 15.1 (StataCorp LLC, College
Station, TX, USA), with P values less than 0.05 considered
statistically significant.

Results

Literature search and general description of included
studies

Figure 1 shows the literature screening flow chart, including
the key words used in the search strategies, the number
of papers identified in the databases (PubMed, Embase,
and Web of Science), and the number of excluded studies
and reason for exclusion. Of 5,174 abstracts identified
during the search, 107 were selected for full-text review;
5,067 were excluded because the topic of this review was
not evaluated. After reading the full text, an additional
84 articles were excluded for the following reasons: narrative
review article; did not include patients with COPD who
had prior pulmonary TB; duplicated/replicated data from
the same study population; and outcome of interest not
reported. Finally, 23 studies were included in the qualitative
synthesis (meta-analysis) (14-36).

The characteristics of the included studies are presented
in Table 1. In total, 36 641 participants with COPD and
491 538 participants without COPD were included in
22 studies; one study did not report these data (35). The
mean age of participants was 52.2 years in 19 included

Ann Transl Med 2021;9(5):390 | http://dx.doi.org/10.21037/atm-20-4576



Fan et al. Pulmonary TB and COPD

Page 4 of 14

(ponurzu0d) 1 a1qey,

NT1> OA4/*A34

10 9%0/> ONd/ (peviodai-yes) [euonoes SIoMoWS Janau (22) (L102)

8l ‘A34 ag-isod fiolsiyglr 029 89/'c €25 -ss010 YBIH/BIPPIN/MOT  ‘sieak oy paby S8LUNO0D | JyoeiduwreT
HXD UO suoliss|

NTT1> OAd/ 91 4o (popodai-es) [eUOOBS (92) (0102)

4 ‘A34 ag-eid Aosiygl (69)6°19 v¥SL 2es -$s01D SIPPIN  sJeak 0g= paby eulyD ‘noyzbuenn we

%0.> DN/ (peviodau-yes) [euonoes [eanu seulddiiud  (Se) (11.02)

Ll A34 ag-isod Aoy gl (6'6) 6'2S 18G (R4 -Ss010 BIPPIN  ‘sledh oy peby ‘ello3 eAenN Jojop|

%0/>0N4 (peviodai-yes) [euonoes uspams  (2) (2102)

9l /*A\34 ag-isod Kioysiy g1 VN LE9‘L 8el -SS0IQ ubiH si1eak 1/-0g paby ‘USHOQLON peisbeH
J0300p AQ pawuod

sisouBelp  pue (pepodai-j|es) eolyY Yinos  (ge) (1102)

8l isibojouowing fAosiygr 819 2oL Okl  |ohuoo-ese) SIPPIN SHNPY  ‘[BIEN-NINZEM)Y  JSPUBAOYD)

N1 > OAd/ (peviodau-fes) [euonoes [eanu (c2) (5102)

0z "A34 ag-isod Aosiygl  (2el) sy €61 G6 -Ss0I0 Mo ‘siesh 0gz peby epuebn ‘puisely  Hewsen uea

%0.> DN/ (peviodai-yes) [euonoas (12) (8102)

1z *A34 ag-isod Aoisiygal (LD 6vS  819°26  ¥EL'6 -$s010 SIPPIN  steahk pp= peby Bulyo Bueq

(pevioda-yes) [euonoes (02)

0z g0 Aioisiy g1 N 89r'cl  6GE -SS0IQD SIPPIN  sleak G|= paby BOLYY YINos (£002) Uolliug

%0.> DN/ (peuiodai-yes) [euonoes uequn (61) (2102)

02 ‘A4 ag-1sod Aosiygl (9'11) 885 2962 €05 -SS0ID SIPPIN  ‘sieak pp= peby eunusbly elesezeyos

(pouodai-y|es) |euoi}oas uswiom ‘jenu (81) (r102)

At a0 Aioisiy g1 VN S09°t St -$s01) BIPPIN  ‘stesk op= peby elpu| enng
HXD UO suoIss|

%0/> OAd/ 491 /(peuodai-fes) [eUOOBS (21) (2102)

Lz ‘A3d ag-eid Aolsiygl (91965 0GL2L  2lEL -ss010 ubiH  sJeak oy paby ©aI0)| 104d

paid 9%08> A3

PUE 9%0.> DA/ (pepiodal-yes) (91) (2002)

8l ‘A34 ag-isod Aoy gl ('6) €69 682 68C  |0U00-88EBD ubiH s1eak 0g-g| paby euyD ‘Buoy BuoH Bunap-ueyd

%0.> DN/ (peuiodai-yes) [euonoes (1) (8002)

9l ‘N34 ag-i1sod Aossiygl (211 8ss  Sr0's v6¥ -SS0ID SIPPIN  steak pp= peby eIquiojo) oJ9|leqe)

NTT1> OAd/ (peviodau-yjes) [eUOKOBS (r1) (Gro2)

6l ‘A34 ag-isod Aolslygl 965-€25  2ov'el  8v9'l -ss01D  ybiu/e|ppiw/moT  sieak oy paby S8UIUN0D G| [esewy

ez 401n0) suoiluep Adoo sisonaleqn (sa1eah) aby jouoo  gjdures uBisap Apnis [9A3] BWOdU| uoneindod uoleo0T (reak)

21090s Ayenp

Jo uomuyeq

paydlEN  Ad0O

Joyine 1s4i4

SISA[eUR-1OUT 9} UT PIPN[IUL SITPMIS JO dNSLILIOEIRYD) | IqE],

Ann Transl Med 2021;9(5):390 | http://dx.doi.org/10.21037/atm-20-4576

© Annals of Translational Medicine. All rights reserved.



Page 5 of 14

Annals of Translational Medicine, Vol 9, No 5 March 2021

"9|ge|IeAR 10U ‘YN {[ewdou o Hwi| Jamo| ‘N7 ‘Aloeded [eUA padio) ‘DAL {puodas | ul swn|oA Alojelidxs padioy) ‘*AJH {Aei-xX 1s8yo
‘YXD ‘Jorejipoyouoiqg ‘g ‘sisojnalagny ‘gl ‘siyouoiq dluodyd ‘g ‘eseasip Ateuow|nd 9AI3ONIISCO D1UOIYD ‘AdOD ‘POIeIS 9SIMIBYI0 SSajun 9% JO (QS) uesw ‘U ale eyeq

%0/> ONd/ (paiodal-fies) [euonoes (9¢) (8102)
[ ‘A3d ag-isod fAolsiygl (80)8er  €80°9F  806'Y -$S0ID BIPPIN  sJesk 0z= peby BuIYD Buem
%0.> DN/ (peuiodau-jes) [euonoes Jeyows-uou eiseu (Gg) (G102)
6l ‘A34 ag-1sod fAolsiyglr @11 6'es 688k 1L -ss01) BIPPIN  ‘siesAk op< peby -opu| pue weulsiA  18IA UsAnBN
NT71> OA4/ A4 BoLBWY UIjET
10 9%0/> ONd/ (peuiodai-yes) [euonoes Jo 8U0D wIBYINOS  (#€) (£102)
6l ‘A34 ag-1sod Kiosiy g1 VN 676'C SOy -SS01D BIPPIN/YBIH sieak /-Gy peby 8y} ul sano ¢ oulqos
NTT> OA4/ A3
10 9%0/> ONd/ (peyiodai-yes) [euonoes Jeyows-uou (ee) (F102)
8l ‘A3d ag-eid Aioysiy g1 e 98e'v0e €Lo‘ch -$s010 8|PPIIN ‘sieak 6.-0¢ peby BUIYD unws
uelieqezy
%0.> ONd/ (peviodai-yes) [euonoes pue ueisyiezey  (gg) (8102)
8l ‘A34 ag-isod fiolsiyglr ey 689'C 8zl -Ss0IQ SIPPIN  steak gL= paby ‘sulesin  erouewBNN
%0/> ON4/ [euonoss (1e) (2102)
8L ‘A34 ag-isod Aoisly [edlpsN 90°69 6856 60£C -$s01) ubiH  steak op= peby uedep epIysiN
Blanzausp
%0.> ONd/ (peviodai-yes) [euonoes pue ejiyD ‘ooixalN  (0€) (£002)
9l ‘A34 ag-isod foisiygr 11 995 VN VN -SS0I0 BIPPIN/UBIH  siesh oy peby  ‘Aenbnin ‘jizeig sezeus|\
NTT> OA4/ AT
10 9%0/> OAd/ (pepiodel [euolOBS [en. (62) (8102)
6l ‘A34 ag-isod -yes) Aoisiy g1 (9°01) 8°LS 607 /8 -ss01) Mo ‘siesh Gg= peby eluezue| epibe
NTT> OA4/ AT
10 9%0/> ONd/ [euonoes (82) (1102)
Sl ‘A4 ag-eld dYxOQuosuoise|gl  PEh 98¢g'e L0g -ss01) ubiH  sleek g|< peby ©8I0) 897
ez 401n0) suoulep adod sisonaleqn (sreak) aby josuoo  gjdures ubisep Apnis |[2A8] 8WOooU| uonendod uoleo0T (reak)

21090s Ajenp

Jo uonuyeq

paydlEN  Ad0O

Joyine 1sii4

(ponurzu0d) 1 a1qey,

Ann Transl Med 2021;9(5):390 | http://dx.doi.org/10.21037/atm-20-4576

© Annals of Translational Medicine. All rights reserved.



Fan et al. Pulmonary TB and COPD

Page 6 of 14
5,162 Records identified through . .
c )
§ | | casbasesoaming Pt i o e e o
3 Science, MEDLINE, CENTRAL, p meta-anay
= systematic reviews)
£ Embase)
S
= | ] |
5,174 Records undergoing title/abstract screening
o
C
'c
g > 5,067 Records excluded
) ¥
107 Full text articles assessed for eligibility
84 Full text articles excluded
> * 48 Did not include COPD patients
3 > with tuberculosis
k= * 18 Outcome of interest not reported
w ¢ 12 Duplicate publications
* 6 Narrative review articles
A
23 Records included in qualitative synthesis
3 y
Q
kel
=2
E 23 Records included in qualitative synthesis
(meta-analysis)

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram.

studies; 4 studies did not report these data (18,20,24,34).
According to the World Bank criteria for income levels,
5 studies were in high-income country settings and
14 studies were in LMIC settings. Data for two studies
came from the Burden of Obstructive Lung Disease (BOLD)
study; however, an article by Lamprecht et 4l. (27) provided
information on the association between TB and COPD in
never smokers, which was not provided by Amaral ez a/. (14).
Therefore, the article by Lamprecht ez a/. was excluded
from the primary meta-analysis but was used in subgroup
analysis (27). This review included 13 studies with post-
bronchodilator FEV,/FVC <0.7 as the main definition of
COPD, 5 studies with pre-bronchodilator FEV/FVC <0.7
as the main definition of COPD, and 5 studies with FEV,
/FVC < LLN as the main definition of COPD.

All studies were published between 2004 and 2018.
The methodological quality of the included studies was all
satisfactory, with STROBE 22-point quality assessment
scores between 15 to 21.

Association between TB and COPD

Twenty-two studies examined the association between TB

© Annals of Translational Medicine. All rights reserved.

and COPD. Compared with patients who did not have
a history of TB, the pooled analysis found a significant
elevation in risk of COPD for those with a history of TB
(OR 2.59; 95% CI: 2.12-3.15; P<0.001) with significant
between-study heterogeneity (I’=78.8%; Tau’=0.144;
P<0.001) (Figure 2). Nineteen studies adjusted for multiple
confounding factors. Associations of COPD with TB
exposure were not changed by adjusting for confounding.
The pooled adjusted OR showed that TB was a significant
risk factor for COPD (OR 2.53; 95% CI: 2.04-3.13;
P<0.001; I’=83.0%; Tau’=0.148; P<0.001) (Figure 3).

In the jackknife sensitivity analyses, the increased risk
with prior pulmonary TB remained consistent for COPD;
when the meta-analysis was repeated and one study was
omitted each time, the OR and corresponding 95% CI were
greater than 2 (Figure 4). Funnel plots of ORs were visually
symmetric (Figure 5), with Begg’s rank correlation (Z=0.75,
P=0.455) and Egger’s linear regression (t=2.00, P=0.058)
showing no obvious publication bias (Figure S1).

Subgroup analysis

A total of seven studies analyzed never smokers. The

Ann Transl Med 2021;9(5):390 | http://dx.doi.org/10.21037/atm-20-4576
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Study %
ID OR (95% CI) Weight
Amaral (2015) ;-._ 2.51(1.83,3.42) 5.99
Caballero (2008) . 2.94(1.58,5.49) 4.14
Chan-Yeung (2007) —_— 1.52(0.45,5.19)  1.90
Choi (2017) - 4.47(3.07,6.51)  5.61
Dutta (2014) ———————  9.08(2.47,34.03) 1.71
Echazarreta (2017) —_—— 3.30(1.43,7.62) 3.1
Ehrilich-men (2004) —— 4.90 (2.60,9.10)  4.12
Ehrilich-women (2004) D —— 6.60 (3.70, 11.70) 4.41
Fang (2018) B ! 1.73 (1.33,2.23)  6.29
Gemert (2015) —_— 1.87 (0.50,7.06)  1.69
Govender (2011) - 9.14 (2.06, 40.64) 1.40
Hagstad-never smoker (2012) o— 1.58 (0.20, 12.36) 0.81
Hagstad-ever smoker (2012) —i— 3.17(1.30,7.72) 2.89
Idolor (2011) —— 6.31(2.67, 15.00) 3.00
Lam (2010) B 137 (1.13, 1.67)  6.59
Lee (2011) -— 2.56 (1.84,3.56) 5.89
Magitta (2018) —_— 5.93 (2.05,17.18) 2.32
Menezes (2007) —- 2.33(1.50,3.62) 5.22
Nishida (2017) B 1.72(1.39,2.11)  6.53
Nugmanova (2018) — 1.77 (0.54,5.82) 1.98
Smith-women (2014) | | 2.36 (2.06,2.71)  6.81
Smith-men (2014) £ ) ! 1.81(1.40,2.34)  6.29
Sobrino (2017) —— 3.30 (1.40, 7.80)  3.02
Viet (2015) — 3.65(1.91,6.97) 4.01
Wang (2018) — | 0.55(0.30, 1.00)  4.26
Overall (I-squared = 78.8%, p = 0.000) > 2.59(2.12,3.15)  100.00

1
NOTE: Weights are from random effects analysis !
ol,z 1 5I

Figure 2 Forest plot of ORs for COPD in prior pulmonary tuberculosis. OR, odds ratio; COPD, chronic obstructive pulmonary disease.

pooled OR showed that TB was a significant risk factor for
COPD among never smokers (OR 2.41; 95% CI: 1.74-3.32;
P<0.001; ’=73.0%; Tau’=0.130; P<0.001) (Tible 2).

The different definitions of TB did not affect the results.
The pooled OR showed that both self-reported TB and TB
diagnosed with lesions on chest X-ray were significant risk
factors for COPD (defined using self-report: OR 2.61; 95%
CI: 2.13-3.21; P<0.001; ’=75.4%; Tau’=0.142; P<0.001,
and defined using chest X-ray: OR 2.47; 95% CI: 1.23-4.97;
P<0.001; P=94.1%; Tau’=0.358; P<0.001) (Tible 2).

According to the definition of COPD, patients were
classified into three subgroups; the pooled results showed
that prior pulmonary TB was a risk factor for COPD,
even using different definitions of COPD (defined as pre-
bronchodilator FEV/FVC <0.7: OR 2.35; 95% CI: 1.82-
3.04; P<0.001; [’=82.6%; Tau’=0.068; P<0.001, defined as
post-bronchodilator FEV/FVC <0.7: OR 2.31; 95% CI:
1.68-3.18; P<0.001; I’=64.6%; Tau’=0.218; P<0.001, and
defined as FEV /FVC < LLN: OR 2.32; 95% CI: 1.50-3.57;
P<0.001; ’=83.2%; Tau’=0.165; P<0.001) (Table 2).

Using a random effects model, the pooled analysis

© Annals of Translational Medicine. All rights reserved.

showed that TB significantly increased the risk of
developing COPD in both high-income and LMIC
settings (high-income: OR 2.44; 95% CI: 1.70-3.49;
P<0.001; I’'=71.5%; Tau’=0.132; P=0.002, low- and middle-
income: OR 2.70; 95% CI: 2.08-3.51; P<0.001; [’=83.3%;
Tau’=0.188; P<0.001) (Tible 2).

Prevalence of COPD in prior pulmonary TB

Sixteen studies including 1694 patients with TB reported a
primary prevalence of COPD between 8% and 58%. Meta-
analysis demonstrated that the pooled prevalence of COPD
in patients with prior pulmonary TB was 21% (95% CI:
16-25%) with significant heterogeneity (I’=96.8%; P<0.001)

(Figure 6).

Discussion

The present meta-analysis was the first to quantitatively
synthesize the risk factors and prevalence of COPD in
patients with prior pulmonary TB. We found a nearly

Ann Transl Med 2021;9(5):390 | http://dx.doi.org/10.21037/atm-20-4576
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Study %
D OR (95% CI) Weight
1
Amaral (2015) - 2.51(1.83,3.42) 6.84
Caballero (2008) — 2.94 (1.58,5.49) 477
Chan-Yeung (2007) —_—— 1.52(0.45, 5.19) 221
Choi (2017) i —— 4.47 (3.07, 6.51) 6.42
Dutta (2014) L= 908(247,34.03) 1.9
Echazarreta (2017) L E— 3.30(1.43,7.62) 3.59
Ehrilich-men (2004) i+ 4.90 (2.60, 9.10) 4.74
Ehrilich-women (2004) , — 6.60 (3.70, 11.70) 5.07
Fang (2018) - 1.73 (1.33,2.23) 7.18
Idolor (2011) —_— 6.31(2.67,15.00) 347
Lam (2010) E 3 i 1.37(1.13,1.67) 752
Lee (2011) —- 2.56 (1.84, 3.56) 6.73
Magitta (2018) —_— 5.93(2.05,17.18)  2.68
Menezes (2007) —.:— 2.33(1.50, 3.62) 5.98
Nishida (2017) = 1.72 (1.39,2.11) 7.45
Smith-women (2014) | ] 236 (2.06,2.71) 7.77
Smith-men (2014) - 1.81 (1.40, 2.34) 7.19
Sobrino (2017) —E—I— 3.30 (1.40, 7.80) 3.49
Wang (2018) —— ' 0.55 (0.30, 1.00) 4.90
Overall (I-squared = 83.0%, p = 0.000) 0 2.53(2.04,3.13) 100.00
1
NOTE: Weights are from random effects analysis !

I
0.2 1

Figure 3 Forest plot of ORs for COPD in prior pulmonary tuberculosis adjusted by confounding factors. OR, odds ratio; COPD, chronic

obstructive pulmonary disease.

2.6 times increased risk of COPD with prior pulmonary
TB. In subgroup analyses, we found that this association
was independent of smoking, income level, definition of
COPD, definition of TB, and other confounding factors.

Our findings have important public health implications.
On the one hand, more than 30% of the world’s population
may have latent TB, and 5-20% of these individuals develop
active TB at some point in their lifetime (7,39). Patients
with active TB usually develop sequelae in the lungs after
treatment, which can lead to a decline in quality of life
and disability. Our findings add to existing knowledge and
support the association between prior pulmonary TB and
COPD, which can provide a basis for clinicians to improve
the early diagnosis of COPD, especially in areas where TB
is prevalent.

On the other hand, inhaled corticosteroids (ICS) have
been widely used in COPD treatment as these can reduce
acute exacerbation in some patients with COPD, including
those with a history of multiple or severe exacerbations
despite appropriate maintenance bronchodilator use,
patients with blood eosinophil counts >300 cells/pL,

© Annals of Translational Medicine. All rights reserved.

and those with a history of and/or concomitant asthma.
However, ICS use can lead to the recurrence of pulmonary
TB and increase the risk of TB among patients who do not
have pulmonary TB. Therefore, ICS should not be used
in patients with prior pulmonary TB (40). Considering the
large number of patients with prior pulmonary TB and the
high prevalence of COPD in LMICs, before prescribing
ICS/long-acting B2 agonists (LABA) or ICS/LABA/long-
acting muscarinic antagonists (LAMA) to patients with
COPD, a chest radiograph or computed tomography scan
should be performed to ensure patients with COPD do not
have pulmonary TB.

The exact mechanism by which pulmonary TB leads
to COPD is still unclear. Previous studies have found that
accelerated emphysematous change caused by residual
chronic or recurrent inflammation owing to TB and
dysregulation of macrophages caused by latent intracellular
infection may be linked to COPD (41-43). The primary
function of macrophages in the lung is to kill bacteria or
promote wound healing and resolution (44); it is well known
that macrophages play a central role in the remodeling that

Ann Transl Med 2021;9(5):390 | http://dx.doi.org/10.21037/atm-20-4576
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Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit

Amaral (2015)
Caballero (2008)
Chan-Yeung (2007)
Choi (2017)

Dutta (2014)
Echazarreta (2017)
Ehrilich-men (2004)
Ehrilich-women (2004)
Fang (2018)

Gemert (2015)
Govender (2011)
Hagstad-never smoker (2012)
Hagstad-ever smoker (2012)
Idolor (2011)

Lam (2010)

Lee (2011)

Magitta (2018)
Menezes (2007)
Nishida (2017)
Nugmanova (2018)
Smith-women (2014)
Smith-men (2014)
Sobrino (2017)

Viet (2015)

Wang (2018)

2.03 212 2.59 3.15 3.31

Figure 4 Jackknife sensitivity analyses. In the jackknife sensitivity analyses, the increased risk with prior pulmonary TB remained consistent
for COPD; when the meta-analysis was repeated and one study was omitted each time, the OR and corresponding 95% CI were greater

than 2. TB, tuberculosis; OR, odds ratio, COPD, chronic obstructive pulmonary disease; CI, confidence interval.
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Figure 5 Funnel plots of ORs for COPD in prior pulmonary tuberculosis. Funnel plots of ORs were visually symmetric showing no obvious
publication bias. OR, odds ratio; COPD, chronic obstructive pulmonary disease.
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Table 2 Association between prior pulmonary tuberculosis and COPD in subgroups

Subgroup Number of studies Heterogeneity test OR 95% ClI
Smoke status
Never smoker 8 [’=73.0%; Tau’=0.130; P<0.001 2.41 1.74-3.32
Definitions of TB
Self-report 21 I’=75.4%; Tau’=0.142; P<0.001 2.61 2.13-3.21
Chest X-ray 3 [’=94.1%; Tau’=0.358; P<0.001 2.47 1.23-4.97
Definition of COPD
Pre-bronchodilator
FEV,/FVC <0.7 4 [P=82.6%; Tau’=0.068; P<0.001 2.35 1.82-3.04
Post-bronchodilator
FEV,/FVC <0.7 13 [’=64.6%; Tau’=0.218; P<0.001 2.31 1.68-3.18
FEV./FVC < LLN 5 [’=83.2%; Tau’=0.165; P<0.001 2.32 1.50-3.57
Income level
High-income country settings 6 I’=71.5%; Tau’=0.132; P=0.002 2.44 1.70-3.49
Low- and middle-income country settings 14 [’=83.3%; Tau’=0.188; P<0.001 2.70 2.08-3.51

OR, odds ratio; Cl, confidence interval; TB, tuberculosis; COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in

1 second; FVC, forced vital capacity; LLN, lower limit of normal.

NOTE: Weights are from random effects analysis

Study %

D Prevalence (95% CI) Weight
[

Caballero (2008) —a— 0.26 (0.15, 0.37) 5.65
1

Choi (2017) ' 0.29 (0.27, 0.31) 8.16

Echazarreta (2017) _—- 0.34 (0.17, 0.51) 3.81
1

Fang (2018) [ | 0.20 (0.18, 0.22) 8.19

Gemert (2015) —i—-— 025 (0.01, 0.49) 245

Idolor (2011) \ —8—— 0.58(0.39,0.77) 3.42
1

Lam (2010) o 0.09 (0.08, 0.10) 8.30

Lamprecht (2011) - 0.21 (0.14, 0.28) 7.03
1

Lee (2011) - 0.18 (0.12, 0.24) 717

Magitta (2018) E —=——— 050(027,0.73) 2.66

Menezes (2007) | — 0.31(0.23, 0.39) 6.70
1

Nishida (2017) " 0.06 (0.03, 0.09) 8.14

Nugmanova (2018) —— | 0.08 (-0.01, 0.17) 6.47
1

Smith (2008) | 0.08 (0.07, 0.09) 833

Viet (2015) —:l— 0.22(0.11, 0.33) 577

Wang (2018) E 3 021 (0.17, 0.25) 777

Overall (I-squared = 96.8%, p = 0.000) <> 0.21 (0.16, 0.25) 100.00

T 1T T T 1
0 0.1 02030405 0.6

Figure 6 Forest plot of the prevalence of COPD in prior pulmonary tuberculosis. COPD, chronic obstructive pulmonary disease.
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leads to chronic airflow obstruction. Potential mycobacteria
in lung macrophages may cause maintenance of lung
inflammation and more severe airway changes (42,45).
Other mechanisms include loss of parenchymal tissue
and scarring after T'B, and structural damage to the air
passages and small airways, such as bronchiectasis owing
to endobronchial involvement, bronchial stenosis, and
bronchiolitis occlusion owing to peribronchial fibrosis (46).
Another study showed that TB can lead to high activity of
matrix metalloproteinases, leading to abnormal degradation
of the extracellular matrix of the lung, which limits lung
function (47). Future studies identifying the underlying
immune mechanisms for TB-associated COPD, relative to
the natural history of TB disease, are needed to help inform
prognostic and therapeutic strategies for post-TB lung
disease (6).

There are some potential limitations in this study that
should be mentioned. First, a causal relationship between
TB and COPD could not be determined because the
current evidence was primarily from cross-sectional and
case-control studies. Previous studies have found that
ICS use is associated with an increased risk of TB in
patients with obstructive lung diseases and TB may also
be reactivated in individuals who take ICS (48). Some
uncertainty remains regarding whether there is a causal
relationship between prior pulmonary TB and COPD.
However, patients with pulmonary TB have fairly marked
destruction of the lung structure, and previous studies
have found that patients with TB have faster lung function
decline and meet the diagnostic criteria for COPD more
than those without TB (49,50). As a result, we believe
that prior TB is a risk factor for COPD. Second, there
was significant heterogeneity in the effect estimates across
studies, resulting in reduced credibility of our research
results. However, all effect estimates in the present meta-
analysis for the association between prior pulmonary TB
and COPD indicated a positive association. The jackknife
sensitivity analysis did not change the conclusions, with
one study omitted at a time, and there was no significant
publication bias; thus, our conclusions remain credible.
Third, the most common method used to define TB in
the study was self-report, which may lead to recall bias
and underreporting owing to the considerable stigma
experienced by patients with TB (51). However, it is
worth noting that TB remained a significant risk factor for
COPD in the subgroup analysis of TB diagnosed using
chest X-ray.

In summary, we found that prior pulmonary TB was

© Annals of Translational Medicine. All rights reserved.
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a significant risk factor for COPD and the prevalence of
COPD among patients with T'B was about 2.6 times higher
than globally. A history of pulmonary TB is likely to be
an important contributor to the burden of COPD in areas
where pulmonary TB is endemic and among those who have
never smoked. Nevertheless, large sample size longitudinal
cohort studies using post-bronchodilator spirometry are
still recommended to confirm these findings and to design
effective strategies to limit this problem. As TB continues to
spread in developing countries, the incidence of multidrug
resistant diseases increases. With aging of the world’s
population, it is vital to improve our understanding of the
mechanisms linking pulmonary TB to COPD and airflow
obstruction, and to develop effective strategies to deal with
this problem.
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Supplementary

Additional file1. Search and study selection strategy

#1 "COPD"

#2 "obstructive lung disease”

#3 "COPD" OR "obstructive lung disease”

#4 "tuberculosis”

#5 "TB"

#6 "tuberculosis"[MeSH]

#7 "tuberculosis” OR "TB" OR "tuberculosis"[MeSH]

#3 ("COPD" OR "obstructive lung disease") AND ("tuberculosis" OR "TB" OR "tuberculosis"[MeSH])
#9 "prevalence"

#10 "prevalence"[MeSH]

#11 "prevalence" OR "prevalence"[MeSH]

#12 ("COPD" OR "obstructive lung disease") AND ("prevalence” OR "prevalence"[MeSH])

#13 "risk factors"[Title/Abstract]

#14 ("risk factors"[Title/Abstract]) AND ("COPD" OR "obstructive lung disease")

#15 ("risk factors"[Title/Abstract]) OR ("prevalence” OR "prevalence"[MeSH]) OR ("tuberculosis” OR "TB" OR
"tuberculosis"[MeSH])

#16 (("risk factors"[Title/Abstract]) OR ("prevalence” OR "prevalence"[MeSH]) OR ("tuberculosis” OR "TB" OR
"tuberculosis”"[MeSH])) AND ("COPD" OR "obstructive lung disease")

#17 "review"[Publication Type]

#18 "Systematic Reviews as Topic"[MeSH]

#19 "review"[Filter]

#20 "Systematic Reviews as Topic"[MeSH] OR "review"[Publication Type] OR "review"[Filter]

#21 ((("risk factors"[Title/Abstract]) OR ("prevalence" OR "prevalence"[MeSH] )OR ("tuberculosis” OR "TB" OR
"tuberculosis”[MeSH])) AND ("COPD" OR "obstructive lung disease")) AND ("Systematic Reviews as Topic"[MeSH] OR
"review"[Publication Type] OR "review"[Filter] )

#22 "humans"[Filter]

#23 ((("risk factors"[Title/Abstract]) OR ("prevalence" OR "prevalence"[MeSH]) OR ("tuberculosis” OR "TB" OR
"tuberculosis"[MeSH])) AND ("COPD" OR "obstructive lung disease")) AND ("humans"[Filter])

#24 ((("risk factors"[Title/Abstract]) OR ("prevalence” OR "prevalence"[MeSH]) OR ("tuberculosis” OR "TB" OR
"tuberculosis"[MeSH])) AND ("COPD" OR "obstructive lung disease” )) AND ("humans"[Filter]) NOT("Systematic
Reviews as Topic"[MeSH] OR "review"[Publication Type] OR "review" [Filter])

Egger's publication bias plot

Figure S1 Funnel plots for (A) Begg’s rank correlation test and (B) Egger’s linear regression.
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