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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% CIs 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 TB 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 

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/
PROSPERO/).

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); (III) 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 (FEV1)/ forced vital capacity (FVC) <0.7]. Articles 
using pre-bronchodilator FEV1/FVC <0.7, FEV1/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  

studies (13). The highest possible score is 22 points, as 
shown in Table 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 I2 statistic (significant if I2≥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 



Fan et al. Pulmonary TB and COPD

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(5):390 | http://dx.doi.org/10.21037/atm-20-4576

Page 4 of 14

T
ab

le
 1

 C
ha

ra
ct

er
is

tic
 o

f s
tu

di
es

 in
cl

ud
ed

 in
 th

e 
m

et
a-

an
al

ys
is

Fi
rs

t a
ut

ho
r 

(y
ea

r)
Lo

ca
tio

n
P

op
ul

at
io

n
In

co
m

e 
le

ve
l

S
tu

dy
 d

es
ig

n
C

O
P

D
 

sa
m

pl
e

M
at

ch
ed

 
co

nt
ro

l
A

ge
 (y

ea
rs

)
D

efi
ni

tio
n 

of
  

tu
be

rc
ul

os
is

C
O

P
D

 d
efi

ni
tio

ns
Q

ua
lit

y 
sc

or
e 

 
(o

ut
 o

f 2
2)

A
m

ar
al

 
(2

01
5)

 (1
4)

19
 c

ou
nt

rie
s

A
ge

d 
≥4

0 
ye

ar
s

Lo
w

/m
id

dl
e/

hi
gh

C
ro

ss
- 

se
ct

io
na

l
1,

64
8

12
,4

02
52

.3
-5

9.
6

TB
 h

is
to

ry
 

 (s
el

f-
re

po
rt

ed
)

P
os

t-
B

D
 F

E
V

1 

/F
V

C
 <

LL
N

19

C
ab

al
le

ro
 

(2
00

8)
 (1

5)
C

ol
om

bi
a

A
ge

d 
≥4

0 
ye

ar
s

M
id

dl
e

C
ro

ss
- 

se
ct

io
na

l
49

4
5,

04
5

55
.8

 (1
1.

2)
TB

 h
is

to
ry

  
(s

el
f-

re
po

rt
ed

)
P

os
t-

B
D

 F
E

V
1 

/F
V

C
 <

70
%

16

C
ha

n-
Ye

un
g 

(2
00

7)
 (1

6)
H

on
g 

K
on

g,
 C

hi
na

A
ge

d 
18

-8
0 

ye
ar

s
H

ig
h

C
as

e-
co

nt
ro

l
28

9
28

9
69

.3
 (9

.5
)

TB
 h

is
to

ry
  

(s
el

f-
re

po
rt

ed
)

P
os

t-
B

D
 F

E
V

1 

/F
V

C
 <

70
%

 a
nd

 
FE

V
1 
<

80
%

 p
re

d

18

C
ho

i  
(2

01
7)

 (1
7)

K
or

ea
A

ge
d 

≥4
0 

ye
ar

s
H

ig
h

C
ro

ss
- 

se
ct

io
na

l
1,

37
2

12
,1

50
55

.6
 (1

.6
)

TB
 h

is
to

ry
  

(s
el

f-
re

po
rt

ed
)/ 

TB
 

le
si

on
s 

on
 C

X
R

P
re

-B
D

 F
E

V
1 

/F
V

C
 <

70
%

21

D
ut

ta
  

(2
01

4)
 (1

8)
In

di
a

A
ge

d 
≥4

0 
ye

ar
s,

 
ru

ra
l, 

w
om

en
M

id
dl

e
C

ro
ss

- 
se

ct
io

na
l

45
1,

60
5

N
A

TB
 h

is
to

ry
  

(s
el

f-
re

po
rt

ed
)

C
B

17

E
ch

az
ar

re
ta

 
(2

01
7)

 (1
9)

A
rg

en
tin

a
A

ge
d 

≥4
0 

ye
ar

s,
 

ur
ba

n
M

id
dl

e
C

ro
ss

- 
se

ct
io

na
l

50
3

2,
96

2
58

.8
 (1

1.
6)

TB
 h

is
to

ry
  

(s
el

f-
re

po
rt

ed
)

P
os

t-
B

D
 F

E
V

1 

/F
V

C
 <

70
%

20

E
hr

lic
h 

(2
00

4)
 

(2
0)

S
ou

th
 A

fr
ic

a
A

ge
d 

≥1
5 

ye
ar

s
M

id
dl

e
C

ro
ss

- 
se

ct
io

na
l

35
9

13
,4

68
N

A
TB

 h
is

to
ry

  
(s

el
f-

re
po

rt
ed

)
C

B
20

Fa
ng

  
(2

01
8)

 (2
1)

C
hi

na
A

ge
d 

≥4
0 

ye
ar

s
M

id
dl

e
C

ro
ss

- 
se

ct
io

na
l

9,
13

4
57

,6
18

54
.9

 (1
1.

1)
TB

 h
is

to
ry

  
(s

el
f-

re
po

rt
ed

)
P

os
t-

B
D

 F
E

V
1 

/F
V

C
 <

70
%

21

va
n 

G
em

er
t 

(2
01

5)
 (2

2)
M

as
in

di
, U

ga
nd

a
A

ge
d 

≥3
0 

ye
ar

s,
 

ru
ra

l
Lo

w
C

ro
ss

- 
se

ct
io

na
l

95
49

3
45

 (1
3.

7)
TB

 h
is

to
ry

  
(s

el
f-

re
po

rt
ed

)
P

os
t-

B
D

 F
E

V
1 

/F
V

C
 <

 L
LN

20

G
ov

en
de

r 
(2

01
1)

 (2
3)

K
w

aZ
ul

u-
N

at
al

, 
S

ou
th

 A
fr

ic
a

A
du

lts
M

id
dl

e
C

as
e-

co
nt

ro
l

11
0

10
2

61
.8

TB
 h

is
to

ry
  

(s
el

f-
re

po
rt

ed
) a

nd
 

co
nfi

rm
ed

 b
y 

do
ct

or

P
ul

m
on

ol
og

is
t  

di
ag

no
si

s
18

H
ag

st
ad

 
(2

01
2)

 (2
4)

N
or

rb
ot

te
n,

  
S

w
ed

en
A

ge
d 

20
-7

7 
ye

ar
s

H
ig

h
C

ro
ss

- 
se

ct
io

na
l

13
8

1,
63

1
N

A
TB

 h
is

to
ry

  
(s

el
f-

re
po

rt
ed

)
P

os
t-

B
D

 F
E

V
1/

FV
C

<
70

%
16

Id
ol

or
  

(2
01

1)
 (2

5)
N

ue
va

 E
ci

ja
,  

P
hi

lip
pi

ne
s

A
ge

d 
≥4

0 
ye

ar
s,

 
ru

ra
l

M
id

dl
e

C
ro

ss
- 

se
ct

io
na

l
14

1
58

1
52

.9
 (9

.9
)

TB
 h

is
to

ry
  

(s
el

f-
re

po
rt

ed
)

P
os

t-
B

D
 F

E
V

1 

/F
V

C
 <

70
%

17

La
m

  
(2

01
0)

 (2
6)

G
ua

ng
zh

ou
, C

hi
na

A
ge

d 
≥5

0 
ye

ar
s

M
id

dl
e

C
ro

ss
- 

se
ct

io
na

l
52

2
7,

54
4

61
.9

 (6
.9

)
TB

 h
is

to
ry

  
(s

el
f-

re
po

rt
ed

) o
r 

TB
 

le
si

on
s 

on
 C

X
R

P
re

-B
D

 F
E

V
1 

/F
V

C
 <

LL
N

21

La
m

pr
ec

ht
 

(2
01

1)
 (2

7)
14

 c
ou

nt
rie

s
A

ge
d 

≥4
0 

ye
ar

s,
 

ne
ve

r 
S

m
ok

er
s

Lo
w

/M
id

dl
e/

H
ig

h
C

ro
ss

- 
se

ct
io

na
l

52
3

3,
76

8
57

.0
TB

 h
is

to
ry

  
(s

el
f-

re
po

rt
ed

)
P

os
t-

B
D

 F
E

V
1 

/F
V

C
 <

70
%

 o
r 

 
FE

V
1/

FV
C

 <
 L

LN

18

T
ab

le
 1

 (c
on

tin
ue

d)



Annals of Translational Medicine, Vol 9, No 5 March 2021 Page 5 of 14

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(5):390 | http://dx.doi.org/10.21037/atm-20-4576

T
ab

le
 1

 (c
on

tin
ue

d)

Fi
rs

t a
ut

ho
r 

(y
ea

r)
Lo

ca
tio

n
P

op
ul

at
io

n
In

co
m

e 
le

ve
l

S
tu

dy
 d

es
ig

n
C

O
P

D
 

sa
m

pl
e

M
at

ch
ed

 
co

nt
ro

l
A

ge
 (y

ea
rs

)
D

efi
ni

tio
n 

of
  

tu
be

rc
ul

os
is

C
O

P
D

 d
efi

ni
tio

ns
Q

ua
lit

y 
sc

or
e 

 
(o

ut
 o

f 2
2)

Le
e 

 
(2

01
1)

 (2
8)

K
or

ea
A

ge
d 

>
18

 y
ea

rs
H

ig
h

C
ro

ss
- 

se
ct

io
na

l
30

1
3,

38
6

43
.4

TB
 le

si
on

s 
on

 C
X

R
P

re
-B

D
 F

E
V

1 

/F
V

C
 <

70
%

 o
r 

 
FE

V
1/

FV
C

 <
 L

LN

15

M
ag

itt
a 

(2
01

8)
 (2

9)
Ta

nz
an

ia
A

ge
d 

≥3
5 

ye
ar

s,
 

ru
ra

l
Lo

w
C

ro
ss

- 
se

ct
io

na
l

87
40

9
51

.8
 (1

0.
6)

TB
 h

is
to

ry
 (s

el
f-

 
re

po
rt

ed
)

P
os

t-
B

D
 F

E
V

1 

/F
V

C
 <

70
%

 o
r 

FE
V

1/
FV

C
 <

 L
LN

19

M
en

ez
es

 
(2

00
7)

 (3
0)

B
ra

zi
l, 

U
ru

gu
ay

, 
M

ex
ic

o,
 C

hi
le

 a
nd

 
Ve

ne
zu

el
a

A
ge

d 
≥4

0 
ye

ar
s

H
ig

h/
M

id
dl

e
C

ro
ss

- 
se

ct
io

na
l

N
A

N
A

56
.6

 (1
1.

9)
TB

 h
is

to
ry

  
(s

el
f-

re
po

rt
ed

)
P

os
t-

B
D

 F
E

V
1 

/F
V

C
 <

70
%

16

N
is

hi
da

 
(2

01
7)

 (3
1)

Ja
pa

n
A

ge
d 

≥4
0 

ye
ar

s
H

ig
h

C
ro

ss
- 

se
ct

io
na

l
2,

30
9

9,
58

9
69

.0
6

M
ed

ic
al

 h
is

to
ry

P
os

t-
B

D
 F

E
V

1 

/F
V

C
 <

70
%

18

N
ug

m
an

ov
a 

(2
01

8)
 (3

2)
U

kr
ai

ne
,  

K
az

ak
hs

ta
n 

an
d 

A
ze

rb
ai

ja
n

A
ge

d 
≥1

8 
ye

ar
s

M
id

dl
e

C
ro

ss
- 

se
ct

io
na

l
12

8
2,

68
9

41
.3

TB
 h

is
to

ry
  

(s
el

f-
re

po
rt

ed
)

P
os

t-
B

D
 F

E
V

1 

/F
V

C
 <

70
%

18

S
m

ith
  

(2
01

4)
 (3

3)
C

hi
na

A
ge

d 
30

–7
9 

ye
ar

s,
 

no
n-

sm
ok

er
M

id
dl

e
C

ro
ss

- 
se

ct
io

na
l

13
,0

13
30

4,
38

6
51

.4
TB

 h
is

to
ry

  
(s

el
f-

re
po

rt
ed

)
P

re
-B

D
 F

E
V

1 

/F
V

C
 <

70
%

 o
r 

 
FE

V
1/

FV
C

 <
 L

LN

18

S
ob

rin
o 

(2
01

7)
 (3

4)
4 

ci
tie

s 
in

 th
e 

S
ou

th
er

n 
C

on
e 

of
 

La
tin

 A
m

er
ic

a

A
ge

d 
45

-7
4 

ye
ar

s
H

ig
h/

M
id

dl
e

C
ro

ss
- 

se
ct

io
na

l
40

5
3,

94
9

N
A

TB
 h

is
to

ry
  

(s
el

f-
re

po
rt

ed
)

P
os

t-
B

D
 F

E
V

1 

/F
V

C
 <

70
%

 o
r 

 
FE

V
1/

FV
C

 <
 L

LN

19

N
gu

ye
n 

Vi
et

  
(2

01
5)

 (3
5)

Vi
et

na
m

 a
nd

 In
do

-
ne

si
a

A
ge

d 
≥4

0 
ye

ar
s,

 
no

n-
sm

ok
er

M
id

dl
e

C
ro

ss
- 

se
ct

io
na

l
11

7
1,

38
9

53
.9

 (1
1.

6)
TB

 h
is

to
ry

 
 (s

el
f-

re
po

rt
ed

)
P

os
t-

B
D

 F
E

V
1 

/F
V

C
 <

70
%

19

W
an

g 
 

(2
01

8)
 (3

6)
C

hi
na

A
ge

d 
≥2

0 
ye

ar
s

M
id

dl
e

C
ro

ss
- 

se
ct

io
na

l
4,

90
8

46
,0

83
43

.8
 (0

.8
)

TB
 h

is
to

ry
  

(s
el

f-
re

po
rt

ed
)

P
os

t-
B

D
 F

E
V

1 

/F
V

C
 <

70
%

21

D
at

a 
ar

e 
n,

 m
ea

n 
(S

D
), 

or
 %

 u
nl

es
s 

ot
he

rw
is

e 
st

at
ed

. 
C

O
P

D
, 

ch
ro

ni
c 

ob
st

ru
ct

iv
e 

pu
lm

on
ar

y 
di

se
as

e;
 C

B
, 

ch
ro

ni
c 

br
on

ch
iti

s;
 T

B
, 

tu
be

rc
ul

os
is

; 
B

D
, 

br
on

ch
od

ila
to

r;
 C

X
R

, 
ch

es
t X

-r
ay

; F
E

V
1,

 fo
rc

ed
 e

xp
ira

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d;

 F
V

C
, f

or
ce

d 
vi

ta
l c

ap
ac

ity
; L

LN
, l

ow
er

 li
m

it 
of

 n
or

m
al

; N
A

, n
ot

 a
va

ila
bl

e.



Fan et al. Pulmonary TB and COPD

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(5):390 | http://dx.doi.org/10.21037/atm-20-4576

Page 6 of 14

5,162 Records identified through 
database searching (PubMed, Web of 

Science, MEDLINE, CENTRAL, 
Embase)

12 Records identified through other 
sources (previous meta-analyses and 

systematic reviews)

84 Full text articles excluded
• 48 Did not include COPD patients 

with tuberculosis
• 18 Outcome of interest not reported
• 12 Duplicate publications
• 6 Narrative review articles

5,174 Records undergoing title/abstract screening

107 Full text articles assessed for eligibility

5,067 Records excluded

23 Records included in qualitative synthesis

23 Records included in qualitative synthesis
(meta-analysis)

Id
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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 al. (27) provided 
information on the association between TB and COPD in 
never smokers, which was not provided by Amaral et al. (14). 
Therefore, the article by Lamprecht et al. was excluded 
from the primary meta-analysis but was used in subgroup 
analysis (27). This review included 13 studies with post-
bronchodilator FEV1/FVC <0.7 as the main definition of 
COPD, 5 studies with pre-bronchodilator FEV1/FVC <0.7 
as the main definition of COPD, and 5 studies with FEV1 

/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 

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 (I2=78.8%; Tau2=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; I2=83.0%; Tau2=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 

https://cdn.amegroups.cn/static/public/ATM-20-4576-supplementary.pdf
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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; I2=73.0%; Tau2=0.130; P<0.001) (Table 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; I2=75.4%; Tau2=0.142; P<0.001, 
and defined using chest X-ray: OR 2.47; 95% CI: 1.23–4.97; 
P<0.001; I2=94.1%; Tau2=0.358; P<0.001) (Table 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 FEV1/FVC <0.7: OR 2.35; 95% CI: 1.82–
3.04; P<0.001; I2=82.6%; Tau2=0.068; P<0.001, defined as 
post-bronchodilator FEV1/FVC <0.7: OR 2.31; 95% CI: 
1.68–3.18; P<0.001; I2=64.6%; Tau2=0.218; P<0.001, and 
defined as FEV1/FVC < LLN: OR 2.32; 95% CI: 1.50–3.57; 
P<0.001; I2=83.2%; Tau2=0.165; P<0.001) (Table 2).

Using a random effects model, the pooled analysis 

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; I2=71.5%; Tau2=0.132; P=0.002, low- and middle-
income: OR 2.70; 95% CI: 2.08–3.51; P<0.001; I2=83.3%; 
Tau2=0.188; P<0.001) (Table 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 (I2=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  

0.2                  1                    5
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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/µL, 

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 β2 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 

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

0.2                     1                     5
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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)

Lower CI Limit Estimate Upper CI Limit

Meta-analysis estimates, given named study is omitted

2.03    2.12                                            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% CI

Smoke status

Never smoker 8 I2=73.0%; Tau2=0.130; P<0.001 2.41 1.74–3.32

Definitions of TB

Self-report 21 I2=75.4%; Tau2=0.142; P<0.001 2.61 2.13–3.21

Chest X-ray 3 I2=94.1%; Tau2=0.358; P<0.001 2.47 1.23–4.97

Definition of COPD

Pre-bronchodilator

FEV1/FVC <0.7 4 I2=82.6%; Tau2=0.068; P<0.001 2.35 1.82–3.04

Post-bronchodilator

FEV1/FVC <0.7 13 I2=64.6%; Tau2=0.218; P<0.001 2.31 1.68–3.18

FEV1/FVC < LLN 5 I2=83.2%; Tau2=0.165; P<0.001 2.32 1.50–3.57

Income level

High-income country settings 6 I2=71.5%; Tau2=0.132; P=0.002 2.44 1.70–3.49

Low- and middle-income country settings 14 I2=83.3%; Tau2=0.188; P<0.001 2.70 2.08–3.51

OR, odds ratio; CI, confidence interval; TB, tuberculosis; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 
1 second; FVC, forced vital capacity; LLN, lower limit of normal.

Figure 6 Forest plot of the prevalence of COPD in prior pulmonary tuberculosis. COPD, chronic obstructive pulmonary disease.

0   0.1  0.2  0.3  0.4  0.5  0.6
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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 TB, 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 

a significant risk factor for COPD and the prevalence of 
COPD among patients with TB 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

A

B

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

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]
#8 ("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]) 
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