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Risk for development of active tuberculosis in patients with chronic
airway disease—a systematic review of evidence
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Reports suggest an increased risk of tuberculosis (TB) in people with chronic airway diseases (CADs) such as
chronic obstructive pulmonary disease (COPD), but evidence has not been systematically reviewed. We per-
formed a systematic review by searching MEDLINE and Embase for studies published from 1 January 1993 to 15
January 2021 reporting the association between the incident risk of TB in people with CADs (asthma, COPD and
bronchiectasis). Two reviewers independently assessed the quality of individual studies. We included nine stud-
ies, with two from low-income high TB burden countries. Three cohort studies reported a statistically significant
independent association between COPD and the risk of TB in high-income countries (n=711 389). Hazard ratios
for incident TB ranged from 1.44 to 3.14 adjusted for multiple confounders including age, sex and comorbid-
ity. There was large between-study heterogeneity (1?=97.0%) across studies. The direction of effect on the TB
risk from asthma was inconsistent. Chronic bronchitis or bronchiectasis studies were limited. The small number
of available studies demonstrated an increased risk of TB in people with COPD; however, the magnitude of the

increase varies by setting and population. Data in high TB burden countries and for other CADs are limited.
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Background

Tuberculosis (TB) and chronic respiratory diseases carry a signifi-
cant morbidity and mortality burden and disproportionally affect
low- and middle-income countries (LMICs). Annually 10 million
people develop TB and 1.5 million die.! Chronic obstructive pul-
monary disease (COPD), one of the most common chronic respi-
ratory diseases, affects 251 million people and causes >3 million
deaths every year. More than 90% of deaths from TB and COPD
occur in LMICs.?

TB is an important cause of chronic respiratory disease, espe-
cially in high TB incidence countries. In a systematic review, a
history of TB was associated with a 3-fold increase in the risk of
COPD.? A national survey in Uganda estimated that a history of TB
accounted for 6% of chronic respiratory symptoms in the popu-
lation.* Conversely, a few studies have suggested the risk of TB in
patients with COPD may be increased 2- to 3-fold.>® However,
the clinical and epidemiological situation is complicated since
COPD is a complex disease representing poorly reversible airflow
obstruction caused by a variety of factors, especially in LMICs,
which may affect its association with TB risk. Evidence suggests
that smoking, the most important cause of COPD, increases the
risk for development of TB.” Ambient and indoor air pollution,

another important cause of COPD, has also been associated with
anincreased risk of TB.%° Furthermore, the risk of TB may be high
in individuals with COPD attributed to previous TB, who are com-
monly found in high TB burden countries.

Current World Health Organization (WHO) guidelines do not
recommend TB preventive treatment (TPT) in people with COPD
and they explicitly recommend against it in people who smoke
unless they belong to other high-risk groups stipulated by the
WHO, because of an unfavourable benefit-risk balance and dif-
ficulty in implementing systematic latent TB infection screening
in a large population of smokers.'® However, treatment may be
warranted in patients with COPD, who might be at a high risk for
active TB.

There is less information on the association between TB and
chronic respiratory diseases other than COPD with the exception
of pneumoconiosis such as silicosis, which is a strong risk factor
for TB.1? Yet there have been a few studies estimating the risk of
TB in people with asthma, another type of chronic airway disease
(CAD). A large population study in Singapore reported a lower risk
of TB in individuals with asthma, consistent with a case-control
study that reported a similar result.'™? On the other hand, the
use of inhaled corticosteroids in asthmatic patients may increase
the risk of TB.13 Also, the risk of TB in people with bronchiectasis is
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not known, while a previous review identified studies suggesting
TB as a risk factor for it.3

While COPD, asthma and bronchiectasis are all common CADs,
no systematic review has been done to date to synthesize exist-
ing evidence on the risk of TB in patients with those diseases. The
objective of this review was to investigate the risk for develop-
ment of active TB in patients with CAD, including COPD, asthma
and bronchiectasis. This review offers descriptive and quantitative
evidence and highlights knowledge gaps that need to be filled to
better inform the need for TPT in patients with CAD.

Methods

We performed a systematic review using the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses (PRISMA)
and Meta-analysis of Observational Studies in Epidemiology
(MOOQSE).* The protocol for this review is registered on PROSPERO
(www.crd.york.ac.uk/prospero/; CRD42019136065).

Search strategy

We searched for studies from 1 January 1993 to 15 January 2021
using MEDLINE (OVID) and Embase (OVID). We decided to search
for papers published since 1993 when the Global Initiative for
Asthma was established, because it was considered likely that
studies published thereafter followed the standard definitions of
CADs. Additionally, abstracts of the following international con-
ferences were searched for the last 5 y: the Union World Confer-
ence on Lung Health, the American Thoracic Society Conference
and the European Respiratory Society International Congress. The
reference lists of included papers and review articles were also
checked for additional studies. We contacted experts for addi-
tional eligible studies. No language or geographical limitations
were applied. The search strategy was developed in consultation
with a librarian. The detailed search strategy is presented in the
appendix.

Eligibility criteria

We included studies in individuals >15 y of age regardless of
human immunodeficiency virus (HIV) status that reported the
association between the incidence of active TB and CADs includ-
ing COPD, bronchiectasis and asthma, as defined by the study
authors. We also included studies reporting patients with emphy-
sema or chronic bronchitis rather than COPD, as these terms
are often used to describe a condition overlapping with COPD
(but they were analysed separately in the primary analysis as
described below). We included longitudinal observational cohort
studies, cohorts nested within randomized or non-randomized
trials and case-control studies. Case reports and case series were
excluded.

The primary outcome was the incidence of bacteriologically
confirmed active TB and the secondary outcome was the inci-
dence of all TB including both bacteriologically confirmed and
clinically diagnosed TB (as defined by the study authors).

Study selection and data extraction

Two reviewers (YH and MXR) screened titles and abstracts of
identified records independently then reviewed full-text arti-
cles selected through the screening process. Any discrepancies
between the two reviewers were resolved through discussions.

Two investigators (YH and CF) extracted data independently
using a data collection form. The following data were collected:
methods (study design, total duration of the study, study con-
text [setting, location] and date of the study). participants (num-
ber of participants, mean or median age, inclusion and exclu-
sion criteria, smoking history, comorbidities and tuberculin skin
test/interferon-y release assay positivity), exposure (the defini-
tion of CAD and its severity and treatment) and outcomes (the
number of TB cases diagnosed, methods for diagnosis of TB, def-
initions of clinically diagnosed TB and variables adjusted for in
multivariable analyses).

Quality of individual studies and evidence assessment

Two investigators (YH and CF) assessed the risk of bias of indi-
vidual studies using the Newcastle-Ottawa Scale.'® The Grading
of Recommendations Assessment, Development, and Evaluation
methodology was used to assess and appraise the quality of evi-
dence.'’

Statistical analysis and synthesis of results

The summary measures for outcomes were hazard ratio (HR),
incidence rate ratio (IRR), risk ratio or odds ratio (OR), depend-
ing on the availability of data. We intended to perform meta-
analyses stratified by the type of CAD and study design using fully
adjusted estimates in each study. However, because we identi-
fied significant heterogeneity across studies, we do not present
the meta-analysis; instead, we provide a descriptive summary
of included studies and highlighted areas for further research
in the discussion section. We used forest plots, I? statistic and
chi-squared test to measure and assess heterogeneity between
included studies. We considered an I? value >50% as substantial
heterogeneity.

Results

Characteristics of included studies

In total, 3855 records were identified and nine studies met
our inclusion criteria (Figure 1). Seven studies were from upper-
middle or high-income countries while one was conducted
in India and the other was in three West African countries
(Table 1).>611.12.18-22 Foyr studies used data from national reg-
istries>® 1822 and reported the association between COPD and
the risk of TB. Three of the four studies excluded participants
with a previous history of TB.>®18 In three studies, the diagno-
sis of COPD was based on International Classification of Diseases,
Ninth or Tenth Revision codes (ICD-9 or ICD-10, respectively),> 8
one of which additionally required prescription of COPD-specific
or airway medication.® An additional study reported the associa-
tion between COPD and TB incidence using UK Read codes.?? In
one of the studies including COPD patients, a nationwide study
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3527 records in EMBASE
971 records in Medline

3855 records after
removing duplicates

3777 r

relevant based on titles
and abstracts

ecords deemed not

A

78 records for full text 69
review .

9 records for included in
the review

records excluded with reasons:
36 no data on TB incidence

12 no primary data

17 duplication

2 no control group

1 no full text

1 case series

Figure 1. Study selection.

in the Republic of Koreq, the primary objective was to investi-
gate the risk of TB in patients with chronic kidney disease (CKD),
with the presence or absence of COPD included as one of the
covariates; hence the association between TB and COPD could
be extracted only from patients with pre-dialysis CKD.'® Two
prospective cohort studies in Singapore and the UK reported the
association between incident TB and asthma while the study in
Singapore also reported chronic bronchitis.'* 2% Four studies were
case-control studies; two reported the association between TB
and asthma,*?:2% one reported the association between emphy-
sema, chronic bronchitis and asthma using the General Practice
Research Database in the UK!® and the remaining one reported
the association with bronchiectasis in patients enrolled in a hos-
pital in Taiwan.??

The Newcastle-Ottawa Scale scores for cohort studies ranged
from 6 to 9. In two studies, cohorts with chronic respiratory dis-
eases were not considered representative of cohorts with chronic
respiratory diseases in general, as they included only hospital-
discharged patients with COPD*> and patients with pre-CKD dialy-
sis'®. The study by Ruzangi et al.?? did not report the association
between COPD and TB adjusted for covariates (Table 1 and Sup-
plementary Table 1). In the studies by Bhat et al.? and Lienhardt
et al.,}? the ascertainment of CAD was based on interviews not
blinded to case or control status.

The risk of TB in patients with COPD

Three cohort studies reported an increase in the risk of
TB in patients with COPD adjusted for multiple confounders

(N=711 389) (Table 2). Adjusted HRs ranged from 1.44 to 3.14, all
of which were statistically significant (Figure 2 and Table 2).>:6:18
The point estimate was highest in a study in Sweden including
hospital-discharged COPD patients, while it was lowest in patients
with pre-dialysis CKD in the Republic of Korea. There was substan-
tial statistical heterogeneity (1=97.0% [95% confidence interval
{CT} 93.8 to 98.5], p<0.001), though the direction of effect was
consistent. One study reported an unadjusted risk of TB in peo-
ple with COPD (IRR 4.07 [95% CI 2.95 to 5.61]).2> While the study
conducted multiple regression for the association between the
risk of TB and chronic kidney diseases and included COPD as a
covariate, it did not report an adjusted risk of TB in people with
COPD; we contacted the authors but could not obtain data. In
a prospective study by Vii et al.!? (N=49 762), chronic bronchitis
was not associated with an increased risk of TB (HR 0.95 [95% CI
0.68 to 1.31]).

In a case-control study (n=2463),'° both chronic bronchitis
(OR 2.0 [95% CI 1.4 to 2.9]) and emphysema (OR 3.2 [95% CI 1.3
to 7.6]) were associated with a significantly increased risk of TB.
The quality of evidence for the association between the develop-
ment of TB and COPD was considered moderate due to hetero-
geneity.

The risk of TB in patients with asthma

One prospective cohort study (N=49 762) and three case-control
studies (N=5441) provided data on asthma adjusted for con-
founders (Figure 3 and Table 2). While the cohort study reported
a significantly reduced risk of TB in patients with asthma (HR 0.54
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Study Country CAD HR (95%Cl)
Inghammar et al, 2010 Sweden COPD —— 3.14[2.42, 4.08]
Lee et al, 2013 Taiwan COPD il 2.47[2.22,2.76]
Park et al, 2019 Republic of Korea COPD E 3 1.44 [1.30, 1.59]
Ruzangi et al, 2020 UK COPD —_— 4.07 [2.95,5.61]"

|-squared=287.04%, p<0.0001
Yill et al, 2019 Singapore Asthma —_— 0.54 [0.32, 0.90]
Yill et al, 2019 Singapore Chronic Bronchitis '—-—' 0.95[0.68, 1.31]
[ I I 1
0.14 0.37 1 272 7.39
Hazard ratio
Figure 2. Forest plot including cohort studies. *Unadjusted IRR.

Study Country CAD OR (95%Cl)
Jick et al, 2006 UK Asthma v—I—< 1.40[1.00, 2.00]
Bhat et al, 2017 India Asthma i —— 2.53[1.76, 3.66]
Lienhardt et al, 2005 West African countries ~ Asthma 0.28 [0.09, 0.84]

|-squared=87.2%, p<0.0004
Wu et al, 2007 Taiwan Bronchiectasis 1.28[0.40, 4.16]
Jick et al, 2006 UK Chronic Bronchitis —— 2.00([1.40, 2.90]
Jick et al, 2006 UK Emphysema R — 3.20[1.30, 7.60]
[ T I I I T 1
0.05 0.14 0.37 1 272 7.39 20.09

Figure 3. Forest plot including case-control studies.

[95% CI0.32 t0 0.90]),! results from the three case-control stud-
ies were inconsistent. A study in India reported a significantly
increased risk of TB (OR 2.5 [95% CI 1.8 to 3.7]), while there was
an inverse association in a study conducted in three West African
countries.’??% In a study in the UK, asthma was marginally asso-
ciated with an increased risk of TB (OR 1.4 [95% CI 1.0 to 2.0]).1°

One study did not find a significant association between
bronchiectasis and the risk of TB.

Discussion

Our review found nine studies that investigated the risk of TB in
people with CADs. Three cohort studies consistently showed a sig-
nificant increase in the risk of TB in people with COPD adjusted for
multiple confounders including age, sex and comorbidity. There
was significant statistical heterogeneity across studies, which
precluded meta-analysis. There was a lack of studies in LMICs and
studies on other types of CAD were limited.

Although studies suggest a significant increase in the risk of
TB in people with COPD, a causal association between COPD and

Odds ratio

the development of active TB is unclear, however, a number of
hypotheses have been proposed. Impaired cellular immunity and
macrophage function related to smoking in people with COPD
might explain the increased risk of TB.?> Smoking is well known
as an important risk factor for both COPD and TB.?* Two studies
did not adjust for smoking history due to a lack of data.>® Thus
the increased risk reported in those studies may be explained by
smoking. However, one study in pre-dialysis patients showed a
significant association after adjusting for smoking status.'® Also,
in another study,® the association between TB and COPD did
not differ by sex despite the high prevalence of smoking in men
according to the national statistics. These suggest that smoking
alone is unlikely to fully explain the increased risk of TB observed
in people with COPD. Residual confounding due to other factors
such as socio-economic status, lifestyle (e.g. alcohol use) and
comorbidities (diabetes and chronic kidney disease) is also pos-
sible, as they were not fully adjusted for in all studies. It is also
unclear whether the increased risk of TB is due to a heightened
risk for reactivation or infection. Regardless of the mechanism, it
appears that individuals with COPD may be at higher risk for the
development of TB, which needs further investigation.
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The magnitude of the risk varied by study, ranging from 1.4-
fold to 3.1-fold risk of TB. The reason for the heterogeneity is likely
due to differences in study populations, settings and variables
that were adjusted for. None of the studies provided data on the
severity of COPD. However, the magnitude of the risk was highest
in the study that included hospital-discharged COPD patients.> A
higher intensity of smoking exposure is suggested to be associ-
ated with a higher risk of TB, while it also increases the sever-
ity of COPD.?>26 Thus it is plausible that the risk of TB is higher
in people with more severe COPD, but this needs further study.
Development of TB in individuals with COPD causes additional
lung damage and worsens lung function. The presence of COPD
is reported to be associated with a higher risk of death and hospi-
talization from TB.>?” Prevention of TB is thus important in people
with COPD. TPT needs to be explored in people with COPD, partic-
ularly in those with more severe disease, taking into account the
balance between its benefits and harms.

The association between asthma and TB was inconsistent. A
prospective cohort study in Singapore reported an inverse asso-
ciation between asthma and the incidence of TB.1' However,
as the authors discussed, adjustment for socio-economic status
was not adequate. Previous studies have reported an inconsis-
tent association between socio-economic status and the preva-
lence of asthma.?® In one study in Singapore, the prevalence of
asthma in children was more common in those with higher socio-
economic status.?® Therefore it may be possible that asthma is
more common in people with higher socio-economic status who
are at a lower risk of TB. Immunological mechanisms might also
explain the reduction of TB risk in people with asthma. Yii et al.!!
speculated that eosinophilic airway inflammation in asthmatic
patients may protect against TB. Lienhardt et al.!? hypothesized
that the induction of T helper type 1 (Th1) immune response by TB
exposure inhibits Th2 immune response and the development of
an atopic phenotype. On the other hand, the association between
asthma, TB and other factors, including socio-economic status, is
likely to be complex and might differ by country and setting. As
an example, indoor air pollution, which is more common in poorer
households, is an important risk factor for asthma in India.3%:3!
This might explain the positive association between asthma and
TB reported in a study in India.?® Furthermore, the use of steroids
in asthmatic patients may increase the risk of TB. In a study by
Jick et al.,'® asthma remained an independent risk factor for TB
after adjusting for steroid use and other variables, but residual
confounding might have been possible.

Our review identified several challenges in the current litera-
ture to synthesize the evidence and inform the need for TPT. First,
TB in chronic respiratory disease has received little attention over
the years, as we could only identify a small number of eligible
studies; this precluded investigation of heterogeneity by meta-
regression and publication bias. Second, none of the included
studies defined COPD according to gold standard diagnostic cri-
teria incorporating spirometry, suggesting the presence of mis-
classification.?? Three studies that reported significant associa-
tions between COPD and TB mainly relied on ICD codes available
in national databases,> %8 which might have resulted in misclas-
sification of COPD.3? A study reported that the presence of more
than one outpatient COPD visit based on ICD-9 had a moderate
performance for identifying patients with COPD, with a sensitivity
and specificity of 76% and 67%, respectively.** Combining phar-

macy data improves the performance but it remains imperfect.?
Thus the use of ICD codes could result in a large number of peo-
ple incorrectly identified as having COPD. This might have led to
an underestimation of the risk of TB in people with COPD. Third,
most studies included clinically diagnosed TB, not just bacterio-
logically confirmed TB. Thus non-tuberculous mycobacterial lung
disease might have been inadvertently included. This would over-
estimate the risk of TB. Fourth, data on the association between
COPD and TB were available only from high-income countries. In
LMICs with a high level of TB incidence, TB plays an important role
in the development of chronic respiratory disease.?* A nationwide
study in Uganda estimated 6% of chronic respiratory symptoms
were attributed to a history of TB, a level similar to that of smok-
ing (7%).* The use of biomass fuel is another common risk factor
for TB and COPD in LMICs.?* Thus, similar to findings from studies
in high-income countries, it is likely that individuals with COPD are
at higher risk of TB than those without in LMICs. However, cohort
studies from these settings are needed to confirm the associa-
tion. Fifth, we could not examine differences in the association
by phenotype of COPD. It will be important to study which phe-
notypes of COPD are at the most increased risk of TB and how this
could be modulated by treatment of COPD.

Conclusions

The small number of studies suggests that people with COPD are
at an increased risk of TB and the magnitude of the risk is likely to
vary by setting and population. We need more studies on the risk
of TB in people with CADs diagnosed using the standard criteria
to identify those who are at the highest risk of TB, particularly in
LMICs.
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