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ABSTRACT

Background: Pulmonary tuberculosis is a major comorbidity of chronic obstructive
pulmonary disease (COPD). However, the risk factors for tuberculosis development in
patients with COPD have not been thoroughly studied. Thus, this study investigated the
development of tuberculosis according to comorbidities and inhaler prescriptions for COPD.
Methods: A retrospective cohort study was conducted using data from the Korean Health
Insurance Review and Assessment Service database from January 1, 2015 to December 31,
2020. This cohort included 139,589 COPD patients (> 40 years) with a new prescription of
inhalers. Cox proportional hazards regression models were used to identify significant risk
factors for predicting the development of tuberculosis.

Results: Multivariate analysis demonstrated that a history of tuberculosis (hazard ratio
[HR], 18.14; 95% confidence interval [CI], 16.44-20.02) and hospitalization during the
screening period (HR for one hospitalization, 1.30; 95% CI, 1.17-1.44; HR for two or more
hospitalizations, 1.54; 95% CI, 1.39-1.70), along with older age and male sex, were associated
with the development of pulmonary tuberculosis.

Conclusion: Our data indicate that a history of tuberculosis and hospitalization during

the screening period, along with old age and male sex, are independent risk factors for the
development of pulmonary tuberculosis in patients with COPD.

Keywords: Chronic Obstructive Pulmonary Disease (COPD); Tuberculosis; Comorbidity

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is projected to become the third leading
cause of death globally by 2030, and its burden continues to rise, particularly in developing
countries.14 The prognosis of COPD is closely linked to frequent exacerbations, primarily
triggered by infections, including respiratory viruses and bacteria.>
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According to the Lancet Commission report, infection-related COPD (COPD-I) is one of

the five subtypes of COPD and is recognized as a significant contributing factor.1,2,6 The
association between tuberculosis (TB) and COPD has been described in several studies.?8
Structural lung damage caused by TB, including pleural changes, bronchial stenosis, and
lung scarring, can predispose individuals to an increased risk of developing COPD.8,2
Conversely, increasing evidence suggests that patients with COPD are at a higher risk

of developing pulmonary TB, mainly because of a compromised innate immune system

and impaired pulmonary function.’10 Furthermore, a previous study indicated that a

TB diagnosis is associated with increased mortality in patients with COPD compared with
that in patients with TB in the general population.!! Therefore, the co-existence of COPD and
TB is a serious health concern that necessitates targeted prevention and management
strategies. Some studies have explored the relationship between inhaled corticosteroids (ICS)
and TB risk in COPD.12,13 However, the factors contributing to TB development in patients
with COPD, beyond smoking, have not been sufficiently investigated. Hence, this study
aimed to identify the risk factors for the development of TB in patients with COPD, with a
particular focus on inhaler prescriptions and comorbidities, using data from a nationwide
cohort in Korea.

METHODS

Study design

This study retrospectively analyzed data from the Korean Health Insurance Review and
Assessment Service (HIRA) database, covering the period from January 1, 2015 to December
31, 2020. The HIRA database contains comprehensive medical service claim records,
including diagnostic codes based on the International Statistical Classification of Diseases and
Related Health Problems, 10th Edition (ICD-10), as well as medication data. It encompasses
healthcare services across all geographic regions and covers 98% of the Korean population, all
of whom are insured under the country’s mandatory and universal national health insurance
system.14 Key data fields, including drug names, quantities, dispensing dates, and durations,
had minimal missing or out-of-range values, affecting less than 0.5% of the records.

The COPD cohort was constructed from the HIRA database based on the following criteria:
1) patients aged > 40 years, 2) a primary diagnosis of COPD (J43-J44 of ICD-10 codes)
recorded between January 1, 2016, and December 31, 2020, 3) at least three prescriptions of
one of the following respiratory medications within one year of observation period: long-
acting muscarinic antagonists (LAMA), long-acting f3,-agonists (LABA), a combination

of LAMA/LABA, a combination of ICS/LABA, triple therapy (LAMA + LABA + ICS),
phosphodiesterase-4 inhibitors, mucolytics, or theophylline (Fig. 1).15

Each patient underwent a one-year screening period without any inhaler prescriptions prior

to the index date. The index date was defined as the date when the patient was first prescribed
inhaler medication (Fig. 2). During the screening period, the following exclusion criteria

were applied: patients with a history of cancer; patients who had been prescribed respiratory
inhalers before the index date; patients who had inhaler prescriptions switched after the index
date; patients with prescriptions of immunosuppressants; patients diagnosed with diabetes
mellitus without medications for diabetes mellitus; and patients diagnosed with osteoporosis
without medications for osteoporosis. Subsequently, TB development during the observation
period was assessed from the index date to December 31, 2020 (Fig. 2).
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Patients who had J43-44 as a main diagnosis code
from HIRA database between 2016 and 2020
(N = 642,166)

|

Patients who were prescribed medications at least
three times within one year after the initial diagnosis codes
(N = 482,545)

Exclusion criteria:

- Cancer (C00-97) (n = 39,237)

- DM without DM medication (n = 3,355)

- OS without OS medication (n = 6,549)

- Immune suppressants (n = 3,166)

- Age <40 years (n = 298)

- Switching of inhalers after index date (n = 237,641)
- Inhaler prescription before index date (n = 52,710)

Enrolled COPD population
(N =139,589)

Fig. 1. Flow chart of study population selection.
HIRA = Health Insurance Review and Assessment Service, DM = diabetes mellitus, COPD = chronic obstructive
pulmonary disease, OS = osteoporosis.

Starting point: End point:
Jan 01, 2015 Dec 31, 2020
| Screening period Observation period |
| 1year |
l l !

Index date: Event date

First prescription date

Fig. 2. Study design.

Case identification and comorbidities

Within the eligible cohort, TB cases that occurred after the index date were identified based
on the following criteria: 1) a reported TB diagnosis with ICD-10 codes A15-A19, 2) treatment
with two or more anti-TB drugs (Anatomical Therapeutic Chemical code J01), including
isoniazid, rifampicin, ethambutol, pyrazinamide, prothionamide, 4-aminosalicylic acid,

and cycloserine; 3) at least two claims for TB-related medical expenses submitted to HIRA.

A history of TB was defined as the diagnosis of TB before the index date.

All comorbidities including a history of TB were detected using the ICD-10 codes during
the screening period (Table 1). Oral corticosteroid (OCS) usage was identified by a
prescription of 420 mg (15 mg/day for four weeks) or more prednisolone for COPD during
the observation period.
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Table 1. Baseline characteristics of this chronic obstructive pulmonary disease cohort

Characteristics Values
Age, yr 68.9+10.9
Age distribution, yr
40-49 6,701 (4.8)
50-59 21,717 (15.6)
60-69 41,582 (29.8)
70-79 45,996 (32.5)
80- 24,293 (17.4)
Sex, male 105,447 (75.5)
Co-morbidities during screening period
Asthma (J45-J46) 58,064 (41.6)
Hypertension (110-115) 73,885 (52.9)
Ischemic heart disease (120-125) 24,190 (17.3)
Heart failure (150) 11,704 (8.4)
Cerebrovascular stroke (160-166) 12,035 (8.6)
Diffuse interstitial lung disease (J84) 1,149 (0.8)
Bronchiectasis (J47) 7,304 (5.2)
GERD (K21.0, K21.9) 62,171 (44.5)
Previous history of tuberculosis 2,696 (1.9)
Chronic liver diseases (K70.3, K71.7, K73, K74) 4,351 (3.1)
Chronic renal diseases (N18, N19, 112.0, 113.2) 4,293 (3.1)
Osteoporosis (M80-M82) 2,509 (1.8)
Diabetes mellitus (E10-E14) 23,865 (17.1)
Epilepsy (G40, G41) 3,100 (2.9)
Treatment
LAMA, LAMA/LABA 77,505 (55.5)
LAMA/ICS 30,417 (21.8)
LAMA/ICS/LABA 3,913 (2.8)
LABA 27,754 (19.9)
CCl score 2.64 +1.95
CCl score
0 (CCl score = 0) 11,190 (8.0)
1 (CCl score = 1) 35,189 (25.2)
2 (CCl score = 2) 32,034 (23.0)
3 (CCl score > 3) 61,176 (43.8)
OCS use (hydrocortisone equivalent)
Cumulative dose 900 [400-2,190]
Cumulative dose = 0 67,355 (48.25)
Cumulative dose < 1,000 mg 38,247 (27.4)
Cumulative dose > 1,000 mg 33,987 (24.4)

Values are presented as number (%), mean =+ standard deviation, or median [interquartile range].
GERD = gastroesophageal reflux disease, LAMA = long-acting muscarinic antagonists, LABA = long-acting f3,-
agonists, ICS = inhaled corticosteroids, CCI = Charlson Comorbidity Index, OCS = oral corticosteroid.

Statistical analysis

Baseline characteristics and medication prescriptions were summarized using descriptive
statistics, including mean (standard deviation) or median [interquartile range] for
continuous variables and number with percentage for categorical variables. A univariate

Cox proportional hazards regression model was used to identify significant risk factors for
the development of TB. Subsequently, a multivariate model was constructed, incorporating
covariates that were significant in the univariate analysis at two significance levels of Pvalue:
Model 1 at 0.1 and Model 2 at 0.05. The proportional hazard assumption was assessed using
Schoenfeld residuals, and hazard ratios (HRs) with 95% confidence intervals (CIs) were
calculated. The analysis was performed only on cases with complete data, and a threshold
of Pvalue < 0.05 was deemed statistically significant. All the analyses were performed using
SAS version 9.4 (SAS Institute, Cary, NC, USA).
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Ethics statement

This study was approved by the Institutional Review Board of the Ajou University Hospital
(AJOUIRB-EXP-2021-582). The requirement for informed consent was waived by the ethical
review board.

RESULTS

Baseline characteristics

This cohort included 139,589 patients with a mean age of 68.9 years, of whom 75.5% were
male (Table 1). The inhaler treatment regimens included LAMA or LAMA/LABA in 77,505
(55.5%), LAMA/ICS in 30,417 (21.8%), triple therapy (LAMA/LABA/ICS) in 3,913 (2.8%), and
LABA alone in 27,754 (19.9%) patients (Table 1). A history of TB was reported in 2,696 patients
(1.9%), and 23,8065 patients (17.1%) had diabetes mellitus, 2,509 (1.8%) had osteoporosis,
4,293 (3.1%) had chronic renal disease, and 7,304 (5.2%) had bronchiectasis (Table 1).

Hospital visits

During the screening period, 53,231 patients (38.1%) were hospitalized at least once for
respiratory or cardiovascular conditions (Supplementary Table 1). Among them, 18,113
(13.0%) were hospitalized for respiratory conditions (Supplementary Table 1).

Prevalence of newly developed TB

While 2,399 patients (1.72%) developed TB, 2,276 (1.63%) were newly diagnosed with
pulmonary TB during the study period, and 1,326 patients (0.95%) were bacteriologically and
histologically confirmed (Supplementary Table 2). The remaining 128 patients (0.09%) were
diagnosed with extrapulmonary TB, including those with nervous system involvement (A17),
TB in other organs (A18), and miliary TB (A19) (Supplementary Table 2).

Risk factors, including inhaler prescription & comorbidities, for the
development of pulmonary TB through univariate analyses

Significant risk factors for pulmonary TB identified in univariate analysis included age, sex,
prior TB history, bronchiectasis, chronic renal disease, OCS use, Charlson Comorbidity Index
(CCI) score, and hospitalization (Table 2). In contrast, ICS prescription was not associated
with TB development (HR, 1.00; 95% CI, 0.78-1.29) and was therefore excluded in the
multivariate analysis. Among the comorbidities, only bronchiectasis showed a statistically
significant association with TB risk (HR, 1.28; 95% CI, 1.08-1.51) and was therefore included
in the multivariate model (Table 2).

Risk factors for pulmonary TB identified through multivariate analyses

In multivariate analysis (Model 1) adjusted for factors with Pvalue < 0.10 in the univariate
analysis, the following factors were independently associated with an increased risk of
developing pulmonary TB: previous history of TB (HR, 18.11; 95% CI, 16.42-19.99), age
> 80 years (HR, 1.92; 95% CI, 1.53-2.40), male sex (HR, 1.40; 95% CI, 1.26-1.55), and
hospitalization for any reason (HR for > 2 during screening, 1.55; 95% CI, 1.40-1.72)
(Table 2). In multivariate analysis (Model 2) adjusted for factors with Pvalue < 0.05, the
same factors remained significant: previous TB history (HR, 18.14; 95% CI, 16.44-20.02),
age > 80 years (HR, 1.92; 95% CI, 1.53-2.39), male sex (HR, 1.40; 95% CI, 1.26-1.56),

and hospitalization for any reason (HR for > 2 during screening, 1.54; 95% CI, 1.39-1.70)
(Table 2).
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Table 2. Risk factors for the development of pulmonary tuberculosis (A15, A16) in chronic obstructive pulmonary disease

Variables

Cox regression analysis

Univariate Multivariate model 1 Multivariate model 2

Hazard ratio (95% CI) Pvalue Hazard ratio (95% CI) P value Hazard ratio (95% Cl) P value

Therapy (observational period)
ICS (ICS/LABA or triple)

Non-ICS (LABA/LAMA or LAMA)

Age group, yr
40-49
50-59
60-69
70-79
80-
Sex, male
Previous history of tuberculosis
GERD
Asthma
Heart failure
Diabetes mellitus
Osteoporosis
Bronchiectasis
Diffuse interstitial lung disease
Chronic liver diseases
Chronic renal diseases
OCS use (prednisolone > 420 mg)
Cerebrovascular stroke
CCl score
0 (CCl score = 0)
1 (CCl score = 1)
2 (CCl score = 2)
3 (CCl score > 3)

Hospitalization, any reason (screening period)

0]
1
22

1.00 (0.78-1.29) 0.984 - - - -
Ref.
Ref. Ref. Ref.
1.05(0.83-1.33) 0.670 1.03 (0.81-1.30) 0.836 1.03 (0.81-1.30) 0.833
1.06 (0.85-1.32) 0.637 1.11 (0.89-1.39) 0.346 1.11 (0.89-1.39) 0.353
1.23 (0.99-1.52) 0.067 1.31(1.05-1.63) 0.016 1.30(1.05-1.62) 0.017
1.84 (1.47-2.30) <0.001 1.92 (1.53-2.40) <0.001 1.92 (1.53-2.39) <0.001
1.37 (1.24-1.592) <0.001 1.40 (1.26-1.55) <0.001 1.40 (1.26-1.56) <0.001
19.21 (17.45-21.16) <0.001 18.11 (16.42-19.99) <0.001 18.14 (16.44-20.02) <0.001
1.02 (0.94-1.11) 0.590 - -
1.04 (0.96-1.14) 0.306 - -
0.99 (0.85-1.15) 0.849 - -
0.96 (0.86-1.08) 0.514 - -
1.18 (0.89-1.57) 0.242 - -
1.28(1.08-1.51) 0.004 1.05 (0.89-1.24) 0.559 1.05 (0.89-1.24) 0.578
1.95 (0.81-1.92) 0.309 - -
1.15 (0.92-1.45) 0.221 - -
1.25 (1.00-1.56) 0.052 0.97 (0.85-1.01) 0.765 -
0.93 (0.86-1.01) 0.081 0.93 (0.84-1.02) 0.072 -
1.00 (0.86-1.16) 0.955 - -
Ref. - -
0.96 (0.81-1.15) 0.677 - -
1.05 (0.88-1.25) 0.585
1.19 (1.01-1.40) 0.042
Ref. Ref. Ref.
1.46 (1.32-1.62) <0.001 1.31(1.18-1.45) <0.001 1.30 (1.17-1.44) <0.001
1.97 (1.78-2.17) <0.001 1.55(1.40-1.79) <0.001 1.54 (1.39-1.70) <0.001

Multivariate cox regression analyses were performed in two models: Model 1 (adjusted for age, sex, and factors with P < 0.10 in the univariate analysis), Model 2
(adjusted for age, sex, and significant factors with P < 0.05 in the univariate analysis).

Cl = confidence interval, ICS = inhaled corticosteroids, LABA = long-acting f3,-agonists, LAMA = long-acting muscarinic antagonists, Ref = reference, GERD =
gastroesophageal reflux disease, OCS = oral corticosteroids, CCl = Charlson Comorbidity Index.

https://jkms.org

Risk factors for overall TB infections

In the univariate analysis, the risk factors for the development of overall TB included age,
sex, previous history of TB, bronchiectasis, chronic renal disease, OCS use, CCI score, and
hospitalization, consistent with the findings for pulmonary TB (Supplementary Table 3).
The multivariate analysis (Model 1) adjusted for factors with Pvalue < 0.10 in the univariate
analysis identified the following independent risk factors: a history of TB (HR, 18.31; 95%
CI, 16.51-20.31), age > 80 years (HR, 1.92; 95% CI, 1.53-2.40), and hospitalization for any
reason (HR for > 2 during screening, 1.63; 95% CI, 1.46-1.82) (Supplementary Table 3). In the
multivariate analysis (Model 2) adjusted for factors with Pvalue < 0.05, the same factors were
confirmed as significant: history of TB (HR, 18.35; 95% CI, 16.54-20.35), age > 80 years (HR,
1.62; 95% CI, 1.27-2.05), and hospitalization for any reason (HR for > 2 during screening,
1.62; 95% CI, 1.45-1.80) (Supplementary Table 3).
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DISCUSSION

This study aimed to evaluate the risk factors for the development of TB in patients with
COPD, with a particular focus on inhaler prescriptions and comorbidities. Our findings
demonstrate that a history of TB, advanced age, and hospitalization during the screening
period were significant independent risk factors. However, inhaler therapy, including ICS,
was not independently associated with the development of TB in patients with COPD.

To minimize selection bias, we used a nationwide claims database. Moreover, we addressed
the methodological limitations of previous studies by implementing a study design based
on the initiation of a new inhaler therapy to avoid time-related biases. To the best of our
knowledge, this is the largest cohort study to investigate a comprehensive range of risk
factors for the development of TB, including ICS therapy, in patients with COPD.

Our analyses demonstrated that inhaler prescription was not an independent risk factor

for the development of TB in patients with COPD. Several studies have reported an
association between ICS and an increased incidence of TB owing to the immunosuppressive
effects of corticosteroids.12:13 A nested case-control study in Korea that matched 4,139
patients on ICS with 20,583 controls identified a dose-dependent relationship between

ICS use and TB risk.12 Another nested case-control study conducted in Quebec reported

an increased risk of TB among ICS users who were not receiving OCSs.16 However, these
studies often did not adequately adjust for key confounding factors such as TB history,
underlying airway diseases, and comorbid conditions. In contrast, other studies found no
association between ICS therapy and TB risk, consistent with our findings.12:17 A large case-
control study in Taiwan reported no increase in the incidence of TB among patients with
COPD receiving ICS therapy, with no observed relationship between the duration or dosage
of ICS and TB risk.12 The authors of that study highlighted the importance of addressing
methodological issues and suggested that incorporating time-dependent covariates provides
a more accurate representation of drug exposure.12 Therefore, our study included a history
of TB, comorbidities of COPD, and hospitalization in the multivariate analysis to account for
potential confounders.

Notably, our study found a significant association between a history of TB and the
development of TB in patients with COPD. While a history of TB has been recognized as a
risk factor for recurrent TB in high-prevalence regions, our study underscores its significance
as a major risk factor for TB in COPD.18,19 Survivors of TB often develop post-TB lung disease
despite successful treatment, primarily due to residual structural lung damage and persistent
respiratory abnormalities.%20 Early studies have demonstrated that residual cavitation
significantly increases the risk of TB relapse.19:21 Moreover, immune dysregulation in

COPD may further exacerbate the susceptibility to TB reactivation.22

The present finding of increased susceptibility to recurrent TB suggests that certain
individuals may be intrinsically vulnerable to TB. For instance, the natural resistance-
associated macrophage protein 1 (NRAMPI) gene, which regulates mycobacterial
clearance by maintaining phagosome acidity, has been extensively studied as a key genetic
determinant.23,24 NRAMPI variants have been linked to more severe manifestations of TB,
including increased cavity formation and TB pleurisy.25 In addition, polymorphisms in
the tumor necrosis factor-o gene have been implicated in both COPD pathogenesis and
TB susceptibility.2%28 These genetic factors may predispose patients with TB to severe
post-TB lung damage, further increasing the risk of disease recurrence.23-27
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In our COPD cohort, older patients were found to be at a greater risk of TB. Although TB is
highly prevalent among younger adults, numerous studies have emphasized increased
susceptibility to TB in the older population.28,29 This heightened vulnerability is largely
attributable to immunosenescence, and the presence of comorbidities can further
compromise immune function.30 As the global life expectancy continues to increase,

TB in the older population is expected to become an increasingly significant public health
concern. Moreover, TB in the older population often presents with atypical symptoms, and
pre-existing chronic respiratory conditions such as COPD can obscure the diagnosis of

TB due to overlapping clinical manifestations.3! This underscores the critical importance of
maintaining a high index of suspicion of TB in older patients with COPD. However, further
research on the incidence of TB in relation to a history of TB in patients with COPD stratified
by ICS therapy appears to be both necessary and meaningful.

This study identified male sex as an independent risk factor for TB in patients with

COPD. This association is particularly relevant in Korea, where the smoking rate among

men is three times higher than that among women.32 However, smoking status was not
adjusted for in our analysis because of the lack of available data. Given that smoking is a well-
established risk factor for TB, it is essential to determine whether the observed association
between male sex and TB is influenced by differences in smoking rates.33

Our study demonstrated that patients with a higher frequency of hospitalization during

the screening period had an increased risk of developing TB. This finding suggests that
more severe COPD is associated with a higher risk of TB activation because hospitalizations
in COPD, representing the overall burden of severe illness, are closely linked to severe
acute exacerbations.5 Our analysis was limited to all-cause hospitalization; however,
hospitalization due to respiratory diseases can serve as a more precise indicator of severe
acute exacerbations of COPD. Although limited research exists on the relationship between
COPD severity and TB activation, Benfield et al.7 reported that patients with moderate to
severe COPD experienced more frequent hospitalizations due to infections, including TB. The
authors attributed this vulnerability to impaired lung immunity, characterized by mucus
hypersecretion and ciliary dysfunction, which predisposes patients to a higher incidence

of respiratory infections.” Moreover, a prolonged hospital stay may increase the risk of
nosocomial infections, including TB transmission, further reinforcing this association.34

This study has important public health implications, underscoring the need for targeted

TB screening and preventive measures in patients with COPD and a history of TB.35 Early
identification and intervention among high-risk individuals can substantially reduce the
burden of active TB, particularly in settings with limited healthcare resources. This issue is
even more pressing in countries with a high prevalence of TB, where the combined burden of
COPD and TB poses a major healthcare challenge.

This study had several limitations. First, this was not a prospective study, although the
observational design reflects real-world clinical practice. Second, hospitalization for any
cause was used as a covariate and interpreted as a proxy for COPD exacerbation; however,
hospital admissions may have been attributed to non-COPD conditions. Consequently,
the lack of data on the specific reasons for hospitalization limits the accurate assessment
of exacerbation-related risks. Third, a history of TB was defined as any diagnosis before
the index date, but stratification by treatment outcome was not possible. Fourth, the
HIRA database does not include pulmonary function test results, which are essential for
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the accurate assessment of COPD severity. Fifth, smoking status and family history were
not investigated because of a lack of information. Sixth, the precise ICS dosage was not
measured. Finally, data on medication adherence and socioeconomic factors, both of which
can influence TB risk, were excluded from the analysis.

In conclusion, our data demonstrated that older age, male sex, history of TB, and
hospitalization during the screening period were independent risk factors for the
development of pulmonary TB in patients with COPD, whereas ICS prescription was not.
This study underscores the significant risk of TB reactivation in patients with COPD and a
history of TB or frequent hospitalizations indicative of severe exacerbation of COPD. These
findings emphasize the need for targeted screening and preventive measures to mitigate the
risk of TB development in this vulnerable population.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Hospital visit during screening period in this COPD cohort

Supplementary Table 2
Prevalence of tuberculosis

Supplementary Table 3
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