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Background: Prevalence, respiratory symptoms, and quality of life (QoL) in post-tuberculosis (TB) subjects
with bronchiectasis are not well elucidated.

Methods: Subjects who participated in the Korea National Health and Nutritional Examination Survey
2007-2009 were enrolled in this cross-sectional study. We evaluated the prevalence of physician-diagnosed
bronchiectasis among post-TB subjects. We compared respiratory symptoms, physical activity limitations,
and QoL between post-TB subjects with and without bronchiectasis.

Results: The prevalence of bronchiectasis was 3.3% among 963 post-TB subjects. Post-TB subjects with
bronchiectasis showed a higher rate of asthma (29.6% vs. 4.9%, P<0.001) than those without bronchiectasis.
Post-TB subjects with bronchiectasis showed more cough (23.9% vs. 6.7%, P=0.033) and physical activity
limitations due to respiratory diseases (35.0% vs. 8.9%, P=0.033) than those without bronchiectasis.
Furthermore, compared with post-TB subjects without bronchiectasis, those with bronchiectasis had lower
QoL measured by the EuroQoL five-dimension (EQ-5D) index (0.84 vs. 0.93, P=0.048). Linear regression
analysis found that the EQ-5D index in post-TB subjects with bronchiectasis was significantly lower than
in those without bronchiectasis (difference estimate =—0.089, P=0.030), especially in the anxiety/depression
component.

Conclusions: Post-TB subjects with bronchiectasis had more cough and physical activity limitations and
lower health-related QoL than those without bronchiectasis.

Keywords: Tuberculosis (TB); bronchiectasis; quality of life (QoL); Korea NHANES

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2021;13(8):4894-4902 | https://dx.doi.org/10.21037/jtd-20-3028


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-20-3028

Journal of Thoracic Disease, Vol 13, No 8 August 2021

4895

Submitted Oct 06, 2020. Accepted for publication Jul 19, 2021.

doi: 10.21037/jtd-20-3028

View this article at: https://dx.doi.org/10.21037/jtd-20-3028

Introduction

"Tuberculosis (I'B) remains a major global health burden (1).
The treatment outcome of TB is highly effective, with a
treatment success rate of approximately 90% (2). In contrast to
the microbiologic cure, up to half of TB survivors suffer from
lung function decline and lower quality of life (QoL) after
TB treatment (3-6). Pulmonary impairment includes airflow
obstruction as well as a restrictive ventilatory defect, which
can be explained by TB-associated lung pathologies such as
pulmonary cavitation, bronchiectasis, and fibrosis (4,7-10).

Bronchiectasis is a well-known TB-induced lung damage
(4,11). In post-mortem studies of TB patients conducted
in the 1950s, post-TB bronchiectasis was found in 19-65%
of patients (12,13). However, those studies were performed
in referral centers, and possibly, they evaluated patients
with severe forms of TB compared to those which were
performed in community settings. Thus, despite the
sufficiently probable association between bronchiectasis
and post-TB subjects, there is limited information on the
prevalence of post-TB bronchiectasis.

Patients with active TB have impaired QoL and its impact
continues until the end of treatment (14-16). Although
it is suggested that post-TB subjects may have persistent
respiratory symptoms and lower QoL, especially in those
who develop chronic lung disease such as bronchiectasis,
there have been few studies regarding this issue.

Therefore, the aim of the present study was to investigate
the prevalence of bronchiectasis among post-TB subjects
and evaluate symptomatic burden in terms of respiratory
symptoms and health-related QoL in these patients.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-20-3028).

Methods
Study population

This study was performed on data obtained from the
Korea National Health and Nutrition Examination Survey
(NHANES) from 2007 to 2009, a nationally representative
health survey conducted by the Ministry of Health and
Welfare. We used health-related questionnaires, health
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examinations, and spirometry results from the database.
The presence of previous pulmonary TB was defined based
on a history of physician diagnosis. Bronchiectasis was
defined using the NHANES questionnaire on whether
subjects had been previously diagnosed with bronchiectasis
by physicians (17).

We restricted our analysis to participants over 20 years old
(n=24,871). Post-TB subjects were identified using a
questionnaire on a previous physician TB diagnosis (n=963).
The post-TB subjects were classified into two groups based
on the presence or absence of bronchiectasis: those without
bronchiectasis (n=931) and those with bronchiectasis (n=32).

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was approved by the Institutional Review Board of Hallym
University Kangnam Sacred Heart Hospital (application
No. 2020-04-035). Informed consent was not required
because this study was based on the NHANES database,
which includes fully anonymized and de-identified data.

Measurements

Data on age, sex, body mass index (BMI), smoking history,
physical activity, occupation, the EuroQoL five-dimension
questionnaire (EQ-5D) index values, and spirometry results
were obtained from the Korea NHANES database. Physical
activity limitations due to respiratory diseases (hereafter
physical activity limitations) were defined using the
questionnaire on whether subjects had experienced physical
activity limitations due to respiratory diseases before. The
EQ-5D index values range between 0 (worst imaginable
health state) and 1 (best imaginable health state). Spirometry
was performed according to the recommendations of the
American Thoracic Society and European Respiratory
Society (18). Absolute values of forced expiratory volume
in the first second (FEV)) and forced vital capacity (FVC)
were obtained, and the percentages of predicted values
(% predicted) for FEV, and FVC were calculated using the
reference equation obtained on analysis of a representative
Korean sample (19). We categorized occupation type
according to the major groups outlined in the 6" Korean
Standard Classification of Occupation into five groups:
manager, professional, office worker, service or sales
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worker, agriculture or fishery worker, skilled labor or
machine operator and manual laborer (20). Comorbidities
of asthma, chronic obstructive pulmonary disease (COPD),
diabetes mellitus, systemic hypertension, dyslipidemia,
cardiovascular disease, osteoporosis, osteoarthritis or
rheumatoid arthritis, and depression were self-reported
based on previous physician diagnoses.

Outcomes

Firstly, we compared respiratory symptoms, physical activity
limitations, spirometry results, and QoL (as measured by
EQ-5D index) between post-TB subjects with bronchiectasis
and those without bronchiectasis. Secondly, we analyzed
the impact of bronchiectasis on respiratory symptoms and
perceived health status among post-TB subjects. Thirdly, we
analyzed the impact of bronchiectasis on the EQ-5D index
value and its components among post-I'B subjects.

Statistical analysis

Analysis was performed using survey commands in STATA
15.1 version (StataCorp LP, College Station, TX, USA)
to account for the complex sampling design and survey
weights. Values were presented as weighted mean [95%
confidence interval (CI)] or as weighted proportions (95%
CI) (21). All tests were two-tailed, and P values <0.05 were
considered statistically significant differences.

The association between bronchiectasis and respiratory
symptoms was analyzed using logistic regression models
and presented as an odds ratio (OR) and 95% CI. The first
model was a crude model (Model 1); the second model
was adjusted for age (categorized as >65 years old or not),
sex, and BMI (Model 2); the third model was additionally
adjusted for education level (categorized as high school or
less vs. college or above) and family income (categorized
as low or high) (Model 3). The association between
bronchiectasis and perceived health status was also analyzed
using logistic regression models. A linear regression model
was used to assess the association between bronchiectasis,
the EQ-5D index values, and other covariates as mentioned
above, and presented as difference estimates and 95% CI.

Results
Baseline characteristics

The baseline characteristics of the subjects are summarized
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in Table 1. The prevalence of bronchiectasis was 3.3% (n=32)
among 963 post-TB subjects. There were no significant
differences in age (P=0.769), sex (P=0.761), smoking
history (P=0.226), family income (P=0.205), education level
(P=0.591), type of occupation (P=0.488), comorbidities
including diabetes mellitus (P=0.468), cardiovascular disease
(P=0.996), osteoporosis (P=0.193), arthritis (P=0.114),
or depression (P=0.106) between groups. There were no
significant differences in spirometry results including FVC,
FEV,, and FEV/FVC ratio between the groups. Compared
with post-TB subjects without bronchiectasis, those with
bronchiectasis had lower BMI (22.2 vs. 23.5 kg/m’, P=0.009),
higher asthma rate (29.6% vs. 4.9%, P<0.001), lower
systemic hypertension rate (13.6% vs. 34.3%, P=0.023) and
dyslipidemia (15.5% wvs. 44.1%, P=0.003).

Comparison of symptoms, physical activity, perceived
bealth and QoL

As shown in Table 2, there were no significant intergroup
differences in symptoms of sputum (P=0.380) and dyspnea
(P=0.674), and perceived health (P=0.691). However,
post-TB subjects with bronchiectasis had more cough
(23.9% wvs. 6.7%, P=0.033) and physical activity limitations
(35.0% vs. 8.9%, P=0.033). Furthermore, the EQ-5D
index values were significantly lower in post-TB subjects
with bronchiectasis than those without bronchiectasis
(weighted mean 0.84 vs. 0.93, P=0.048). Among the EQ-5D
components, post- I'B subjects with bronchiectasis reported
significantly more anxiety or a depressive mood (43.8% vs.
11.9%, P<0.001) than those without bronchiectasis. There
were no intergroup differences between the other EQ-5D
components.

The impact of bronchiectasis on respiratory symptoms,
physical activity and QoL among post-TB subjects

Bronchiectasis was associated with cough among post-
TB subjects in the crude model (OR =4.33; 95% CI =1.01,
18.63; P=0.049); however, the association was not significant
in the adjusted models. Additionally, based on logistic
regression analyses, bronchiectasis was not significantly
associated with sputum, physical activity limitations or a
bad/very bad state of perceived health (Table 3).

Linear regression analysis revealed that post-TB subjects
with bronchiectasis had a significantly lower EQ-5D index
value than those without bronchiectasis in all the models:
difference estimate =—0.086, 95% CI =—0.171 to —0.001,
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Variable

Total (N=963)

Post-TB subjects without
bronchiectasis (n=931)

Post-TB subjects with
bronchiectasis (n=32)

P value

Age, years
Sex, male
BMI, kg/m®
Smoking history
Never-smoker
Current- or ex-smoker
Family income
Low
High
Education
High school or less
College or above
Type of occupation
Manager/professional/office worker
Service/sales worker
Agriculture/fishery worker
Skilled labor/machine operation
Manual laborer
Comorbidities
Pulmonary comorbidity
Asthma
COPD
Extrapulmonary comorbidity
Diabetes mellitus
Hypertension
Dyslipidemia
Cardiovascular disease
Osteoporosis
Osteoarthritis or rheumatoid arthritis
Depression
Spirometry
FVC, L (n=752)
FVC, % predicted (n=749)
FEV,, L (n=752)
FEV,, % predicted (n=751)
FEV./FVC ratio (n=752)

51.4 (49.6-53.0)
58.4 (53.4-63.3)
23.5 (23.1-23.8)

45.7 (40.4-51.0)
54.3 (49.0-59.6)

44.4 (38.0-51.0)
55.6 (49.0-62.0)

74.4 (68.7-79.3)
25.6 (20.7-31.3)

34.8 (28.2-42.0)
20.5 (15.0-27.3)
10.9 (7.6-15.4)

18.1 (12.6-25.3)
15.8 (11.4-21.4)

6.1 (4.0-9.1)
30.2 (24.6-36.4)

10.6 (7.4-15.1)
33.2 (28.1-38.8)
42.6 (37.1-48.3)
4.4 (2.4-8.1)
5.8 (3.8-8.8)
15.3 (11.8-19.6)
5.0 (3.0-8.0)

3.62 (3.50-3.74)
88.9 (87.4-90.4)
2.73 (2.62-2.84)
84.4 (82.6-86.2)

0.75 (0.74-0.76)

51.4 (49.5-53.3)
58.6 (53.3-63.8)
23.5 (23.2-23.9)

46.5 (41.0-52.0)
53.5 (48.0-59.0)

43.6 (37.1-50.3)
56.4 (49.7-62.9)

74.1 (68.3-79.2)
25.9 (20.8-31.7)

35.6 (28.8-42.9)
20.5 (14.9-27.5)
10.1 (6.8-14.7)

18.0 (12.4-25.4)
15.8 (11.3-21.6)

4.9 (3.0-7.9)
29.0 (23.3-35.6)

10.9 (7.5-15.5)
34.3 (28.9-40.0)
44.1 (38.3-50.0)
4.4 (2.3-8.3)
5.5 (3.6-8.6)
14.7 (11.2-19.0)
45(2.6-7.7)

3.63 (3.50-3.76
89.0 (87.4-90.6
2.75 (2.63-2.86
84.9 (83.0-86.7
0.75 (0.74-0.76)

)
)
)
)

52.5 (45.3-59.7)
54.8 (31.8-75.9)
22.2 (21.3-23.1)

31.1 (13.8-56.1)
68.9 (43.9-86.2)

59.5 (35.1-80.0)
40.5 (20.0-64.9)

79.9 (55.0-92.8)
20.1 (7.2-45.0)

16.7 (3.5-52.6)
19.9 (4.4-57.4)
28.7 (9.7-60.1)
19.4 (2.9-65.8)
15.3 (3.1-50.2)

29.6 (14.0-52.1)
50.5 (26.6-74.2)

6.5 (1.5-24.4)
13.6 (5.1-31.5)
15.5 (6.4-33.2)

4.4 (0.6-25.9)
12.3 (3.9-32.5)
27.6 (12.5-50.5)
13.1 (3.8-36.6)

3.48 (3.05-3.92
87.1 (79.8-94.3
2.44 (1.97-2.91
75.4 (64.0-86.7
0.69 (0.61-0.77)

)
)
)
)

0.769
0.761
0.009
0.226

0.205

0.591

0.488

<0.001

0.096

0.468
0.023
0.003
0.996
0.193
0.114
0.106

0.519
0.606
0.207
0.109
0.123

Data are presented as the weighted mean (95% confidence interval) or weighted percentage (95% confidence interval). TB, tuberculosis; BMI,
body mass index; COPD, chronic obstructive pulmonary disease; FVC, forced vital capacity; FEV,, forced expiratory volume in the first second.
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Table 2 Comparison of symptoms, physical activity, perceived health, and quality of life
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Post-TB subjects without Post-TB subjects with

Variable Total (N=963) bronchiectasis (n=931)  bronchiectasis (n=32) P value
Symptoms
Cough 7.5(4.7-11.7) 6.7 (4.1-11.0) 23.9 (7.4-55.0) 0.033
Sputum 14.4 (9.7-20.8) 14.0 (9.2-20.7) 23.9 (7.4-55.0) 0.380
Dyspnea 1.3 (0.5-3.5) 1.4 (0.5-3.7) 0 0.674
Physical activity limitations due to respiratory diseases  11.1 (5.9-19.8) 8.9 (4.3-17.4) 35.0 (10.3-71.6) 0.033
Perceived health 0.691
Good/very good/not good/not bad 73.6 (68.5-78.1) 73.8 (68.5-78.4) 69.8 (47.9-85.3)
Bad/very bad 26.4 (21.9-31.5) 26.2 (21.6-31.5) 30.2 (14.7-52.1)
EQ-5D component
Mobility 15.6 (12.2-19.8) 15.1 (11.7-19.3) 25.3 (11.2-47.8) 0.205
Self-care 4.3 (2.6-7.0) 4.6 (2.8-7.4) 0 0.355
Usual activity 10.8 (8.0-14.4) 10.4 (7.6-14.1) 18.6 (7.5-38.9) 0.216
Pain/discomfort 30.4 (25.3-36.0) 29.9 (24.7-35.7) 39.6 (20.5-62.6) 0.377
Anxiety/depression 13.5(10.0-18.1) 11.9 (8.5-16.4) 43.8 (22.5-67.8) <0.001
EQ-5D index 0.93 (0.91-0.94) 0.93 (0.92-0.94) 0.84 (0.76-0.93) 0.048

Data are presented as the weighted mean (95% confidence interval) or weighted percentage (95% confidence interval). TB, tuberculosis;
EQ-5D, EuroQol five-dimension questionnaire.

Table 3 The impact of bronchiectasis on respiratory symptoms and perceived health status among post-TB subjects

Post-TB subjects without Post-TB subjects with

Respiratory symptom Model bronchiectasis (n=931) bronchiectasis (n=32) P value
Cough Model 1 Reference 4.33 (1.01, 18.63) 0.049
Model 2 Reference 4.46 (0.80, 24.86) 0.088
Model 3 Reference 2.08 (0.50, 8.58) 0.311
Sputum Model 1 Reference 1.93 (0.43, 8.56) 0.387
Model 2 Reference 1.72 (0.31, 9.49) 0.534
Model 3 Reference 1.07 (0.24, 4.78) 0.926
Physical activity limitations Model 1 Reference 5.51 (0.99, 30.81) 0.052
Model 2 Reference 4.84 (0.91, 25.68) 0.064
Model 3 Reference 0.54 (0.06, 4.75) 0.576
Bad/very bad state of perceived health Model 1 Reference 1.22 (0.46, 3.23) 0.692
Model 2 Reference 1.17 (0.44, 3.10) 0.749
Model 3 Reference 0.70 (0.28, 1.76) 0.443

Data are presented as an odds ratio (95% confidence interval). Model 1, crude model; Model 2, adjusted for age (categorized as
=65 years old or not), sex, and BMI (kg/m?); Model 3, further adjusted for education (categorized as high school or less vs. college or
above) and family income (categorized as low or high). TB, tuberculosis.
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Lower QoL <--------------- Difference estimate (95% Cl) P value
Model 1 L 4 —0.086 (- 0.171, — 0.001) 0.048
Model 2 @ —0.091 (- 0.172, — 0.009) 0.030
Model 3 @ —0.089 (- 0.170, — 0.009) 0.030
r T T 1
0.2 0.1 0.0 0.1
EQ-5D index

Figure 1 Forest plot of difference estimate for EQ-5D index in post-TB subjects with bronchiectasis relative to those without bronchiectasis.

Data are presented as a difference estimate (95% confidence interval). Model 1, crude model; Model 2, adjusted for age (categorized as

>65 years old or not), sex, and BMI (kg/m’); Model 3, further adjusted for education (categorized as high school or less vs. college or above)

and family income (categorized as low or high). EQ-5D, EuroQoL five-dimension questionnaire; TB, tuberculosis; CI, confidence interval;

QoL, quality of life; BMI, body mass index.

P=0.048 in Model 1; difference estimate =—0.091, 95% CI
=-0.172 to —0.009, P=0.030 in Model 2; difference estimate
=-0.089, 95% CI =-0.170 to -0.009, P=0.030 in Model 3
(fully adjusted model) (Figure I).

Discussion

Using nationally representative data in Korea, the present
study showed that the prevalence of physician-diagnosed
bronchiectasis was 3.3% in post-TB subjects. Post-TB
subjects with bronchiectasis had significantly lower BMI
and a higher rate of comorbid asthma than those without
bronchiectasis. They also experienced significantly more
cough and physical activity limitations than those without
bronchiectasis. Furthermore, the post-TB subjects with
bronchiectasis showed a significantly lower QoL compared
to those without bronchiectasis, especially in the anxiety/
depression component.

One of the noteworthy results of this study is the
prevalence of bronchiectasis in post-TB subjects. Despite
the well-known relationship between bronchiectasis and
past pulmonary TB history (22,23), there was limited
information on its prevalence. The post-mortem studies of
"T'B patients in the 1950s found bronchiectasis in 19-65% of
those examined; however, the numbers should be cautiously
interpreted since they were old studies investigating very
severe forms of pulmonary TB (12,13,24). A systematic
review and a recent study also reported that 35-86% of TB
patients have bronchiectasis based on computed tomography
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(CT) scans after TB treatment (25,26). The reason why
the prevalence of bronchiectasis in this study is relatively
lower than that of previous studies is not clear. Nonetheless,
we postulate that previous studies might have included
more severe forms of TB compared to those treated in the
community, as previous studies were performed in referral
centers. All of the post-TB subjects underwent CT scans in
previous studies, even though it is not routinely performed
in real-world practice, which might overestimate the
prevalence of post-TB bronchiectasis. In contrast, our study
may underestimate the prevalence due to the lack of data on
chest CT scans in the NHANES database. Taken together,
future research is warranted to identify the exact prevalence
of bronchiectasis in post-TB subjects.

Many subjects with chronic respiratory diseases may have
physical activity limitations due to their respiratory diseases.
Longitudinal studies assessing patients with COPD have
consistently revealed the association between low levels
of physical activity and a higher risk of both mortality and
hospitalization (27-29). In addition, low levels of physical
activity were also associated with a risk of hospitalization
due to bronchiectasis exacerbation (30). This study revealed
that bronchiectasis significantly worsened physical activity
limitations in post-TB subjects. Though Korea NHANES
data do not provide information on healthcare use,
physical activity limitations may lead post-TB subjects with
bronchiectasis to require more healthcare use.

Compared to post-TB subjects without bronchiectasis,
those with bronchiectasis had lower QoL despite similar
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respiratory symptoms. As previous studies mostly focused
on lung function impairment after TB (6,31-33), there
had been only a few studies investigating the QoL in
patients with TB sequelae (16,34). Furthermore, no
studies have focused on the QoL in subjects with post-
TB bronchiectasis. From this perspective, our study is the
first, which investigated the association of bronchiectasis
and health-related QoL in post-TB subjects using national
representative samples. In this study, the difference of
EQ-5D index values between post-TB subjects with
bronchiectasis and those without bronchiectasis was 0.089.
Considering the minimum important difference of the EQ-
5D index was 0.051 in COPD (35), and it was suggested as
approximately 0.07 in asthma studies (36,37), the difference
of the EQ-5D between post-TB subjects with and without
bronchiectasis in this study also seems to be significant.
Accordingly, clinicians should be keen to assess the
presence of bronchiectasis in post-TB subjects for adequate
management in terms of health-related QoL. Interestingly,
of the EQ-5D components, post-TB subjects with
bronchiectasis had more problems with anxiety/depression.
In line with our study results, previous studies also revealed
that anxiety and depression were common in patients with
bronchiectasis and might negatively affect health related
QoL in those with bronchiectasis (38-40). Thus, our study
results suggest that more attention is needed for anxiety and
depression in post-TB subjects with bronchiectasis.

When it comes to comorbidities, asthma was more
frequently observed in post-TB subjects with bronchiectasis
than those without bronchiectasis. There is a complexity in
the relationship between T'B, asthma, and bronchiectasis.
Many previous studies showed corticosteroid use in asthma
is associated with pulmonary TB (41), which in turn,
may be related to post-TB bronchiectasis. It is also well
established that bronchiectasis is a common comorbidity in
subjects with severe asthma (42-44). As our study is cross-
sectional, we could not provide the causal inferences of
those conditions. However, our study results suggest that
asthma might be a triggering factor for bronchiectasis,
as well as a common etiology/comorbid condition of
bronchiectasis, and TB is linked to both conditions. Well-
designed prospective studies are needed to determine the
complex interaction of those conditions.

The major strength of this study is that it is the first
to investigate the impact of bronchiectasis on QoL in
post-TB subjects using nationally representative data.
However, there are also several limitations to this study.
Firstly, this study was performed in a representative sample
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of the Korean population. Thus, our data might not
be generalizable to other ethnic groups or populations.
Secondly, the Korea NHANES database did not provide
chest CT data; therefore, we defined bronchiectasis based
on physician diagnosis. Thus, we may have underestimated
the prevalence of bronchiectasis. Thirdly, the number of
post-TB subjects with bronchiectasis was relatively small,
which may have led to a lack of statistical significance in
respiratory symptoms and spirometry results.

In conclusion, the estimated prevalence of bronchiectasis
was 3.3% among post-TB subjects in Korea. There was
a significant gap between the prevalence of physician-
diagnosed bronchiectasis in our study and CT-based
bronchiectasis in other cohort studies. Post-TB subjects
with bronchiectasis had lower health-related QoL
than those without bronchiectasis. To attenuate the
symptomatic burden of post-TB bronchiectasis, strategies
for early diagnosis and proper management of post-TB
bronchiectasis is urgently needed.
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