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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is a
progressive respiratory disorder with significant global morbidity and
mortality. COPD is increasingly recognized as a systemic inflamma-
tory condition that predisposes patients to multiple comorbidities, in-
cluding tuberculosis (TB). There are limited data on how comorbidi-
ties in COPD influence the development of TB.

Methods: We conducted a nationwide, retrospective cohort study us-
ing data from Taiwan’s National Health Insurance Research Database
(NHIRD) between 2011 and 2021. Patients aged > 40 years with a
diagnosis of COPD, confirmed by > 3 outpatient visits or > 1 hospi-
talization, were included. Individuals with prior TB were excluded.
Non-COPD controls were matched 1:1 using propensity score match-
ing for demographics and comorbidities. The primary outcome was
incident TB (ICD-9-CM 010-018). Cox proportional hazards models
were used to estimate adjusted hazard ratios (aHRs) for TB, account-
ing for a variety of comorbidities.

Results: A total of 117,989 COPD patients and an equal number of
matched controls were analyzed. During follow-up, TB incidence
was significantly higher in the COPD group (3.20 vs. 1.45 per 10,000
person-years). COPD was associated with a 74% increased risk of
TB (aHR 1.74; 95% confidence interval (CI): 1.42 - 2.14; P < 0.001).
Stratified analysis demonstrated that TB risk rose progressively with
age and was markedly amplified by comorbidities. Notably, pneumo-
coniosis conferred a nearly sevenfold higher TB risk among COPD
patients (aHR 6.94; 95% CI: 2.72 - 17.71; P < 0.001), followed by
lung cancer (aHR 1.81; 95% CI: 1.07 - 3.05; P < 0.027) and rheuma-
toid arthritis (aHR 2.05; 95% CI: 1.01 - 4.12; P < 0.046).

Conclusion: After adjustment for available covariates, COPD was
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associated with an increased risk of TB; however, residual confound-
ing due to factors such as corticosteroid use, immunosuppressive
therapy, and smoking cannot be excluded.

Keywords: Chronic obstructive pulmonary disease; Comorbidity;
Pneumoconiosis; Tuberculosis

Introduction

Chronic obstructive pulmonary disease (COPD) is a progres-
sive respiratory disorder characterized by persistent airflow
limitation and chronic inflammation. It manifests as chronic
cough, sputum production, and exertional dyspnea, affecting a
large global population and representing a leading cause of mor-
bidity and mortality. Beyond the lungs, COPD is increasingly
recognized as a systemic inflammatory condition with extra-
pulmonary effects on the cardiovascular system, skeletal mus-
cles, bones, and kidneys. Comorbidities are highly prevalent in
COPD, with pulmonary tuberculosis (TB) being an important
yet underrecognized one. Increasing evidence suggests that
COPD independently raises the risk of active TB [1]. This asso-
ciation is likely multifactorial, reflecting shared risk factors such
as smoking [2, 3], poor nutrition, low socioeconomic status [4,
5], and impaired immune responses [6], as well as overlapping
structural lung damage. Epidemiological studies demonstrate
considerable overlap between COPD and TB. Approximately
one-third of COPD patients have a prior history of pulmonary
TB [7], supporting the notion that TB may contribute to COPD
pathogenesis. Conversely, a meta-analysis of 23 studies reported
that individuals with prior TB had 2.59-fold higher odds of de-
veloping COPD [8], suggesting long-term structural and inflam-
matory damage. A large nationwide, multicenter, prospective
cohort study is ongoing in China to evaluate the natural history
and clinical burden of TB-associated COPD [9], particularly in
regions where both diseases are highly prevalent. Compared
to Western countries, Asian countries continue to experience
a significantly higher prevalence and incidence of pulmonary
TB [10], likely due to a combination of socioeconomic, envi-
ronmental, and healthcare-related factors [11]. TB is a clinically
important consideration in patients with COPD. Overlapping
respiratory symptoms between COPD and TB can complicate
timely diagnosis, potentially delaying appropriate treatment and
worsening patient outcomes. Therefore, recognizing and ac-
counting for TB risk is essential to ensure the safe and effective
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management of COPD patients, including appropriate screen-
ing, preventive measures, and careful monitoring during thera-
py. Despite this, there remains a paucity of research specifically
addressing the impact of COPD comorbidities on pulmonary
TB. There is a need to better understand how these comorbid
conditions interact and influence pulmonary TB. Therefore, the
primary aim of our study was to investigate the association be-
tween various comorbidities and the development of pulmonary
TB among patients with COPD in an Asian population. By iden-
tifying risk factors and patterns of disease overlap, we hope to
contribute to more effective prevention, early diagnosis, and tar-
geted treatment strategies for this vulnerable group of patients.

Materials and Methods

Ethics statement

The study was approved by the Institutional Review Board of
Chi Mei Medical Center, Taiwan (IRB No. 11303-J01), with
informed consent waived and all personal data anonymized by
the Data Science Center, Ministry of Health and Welfare.

Data sources

The Ministry of Health and Welfare in Taiwan has implemented
anationwide health system, the National Health Insurance (NHI)
program, which provides near-universal coverage - encompass-
ing approximately 99% of the population and contracting with
over 97% of healthcare providers across the country. To facili-
tate epidemiological and health services research, the Ministry
of Health and Welfare established the National Health Insurance
Research Database (NHIRD), administered by the Health and
Welfare Data Science Center, with data available upon approved
application. The NHIRD represents one of the largest adminis-
trative healthcare databases globally, containing comprehensive
records of all inpatient and outpatient encounters reimbursed by
the NHI. These data include demographic profiles, diagnostic
and procedural codes based on the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM), prescription details, and medical expenditure informa-
tion. For the present study, a longitudinal dataset was utilized
comprising a representative cohort of two million individuals
randomly selected from the insured population, with retrospec-
tive follow-up from 2011 through 2021. All data analyses were
conducted within the secure computing environment of the Data
Science Center, adhering to rigorous deidentification protocols.
Personal identifiers were removed prior to analysis, and the co-
hort was validated to ensure no statistically significant differ-
ences in age, sex, or healthcare cost distributions compared to
the general NHI population.

Patients

Individuals with COPD were identified based on diagnoses
coded using the ICD-9-CM codes 490-492 and 496, recorded

between January 1, 2011, and December 31, 2021. To enhance
diagnostic validity, eligible subjects were required to have ei-
ther a minimum of three outpatient visits or at least one hospi-
talization in which COPD was listed as the primary diagnosis
within the NHIRD. The date of the third outpatient visit or
the first qualifying inpatient admission - whichever occurred
earlier - was defined as the index date for subsequent TB risk
assessment. Following the application of exclusion criteria,
which included individuals younger than 40 years of age, those
with a history of TB prior to the index date, and records with
incomplete data, a total of 122,285 COPD patients were re-
tained for further analysis (Fig. 1).

Propensity score matching

The control group were randomly selected from the 1,103,679
subjects who had no COPD diagnosis in the database. To mini-
mize baseline imbalances and reduce potential confounding,
propensity score matching (PSM) was employed to ensure
comparability between the COPD and non-COPD groups. Pro-
pensity scores were derived using a multivariable logistic re-
gression model, estimating the probability of COPD diagnosis
based on a comprehensive set of covariates. These included age,
sex, diabetes mellitus, hypertension, hyperlipidemia, coronary
artery disease, end-stage renal disease, hepatitis B, hepatitis C,
pneumoconiosis, lung cancer, rheumatoid arthritis, and head
and neck cancer. Matching was conducted at a 1:1 ratio using
greedy nearest-neighbor matching without replacement, with a
caliper of 0.05 on the logit of the propensity score, thereby en-
hancing the balance of baseline characteristics and mitigating
selection bias [12]. Controls outside the region of common sup-
port were discarded. Cox proportional hazards models were fit-
ted on the matched cohort with robust sandwich standard errors
clustered by matched pair. For each control subject, the index
date was defined as the same date as that of the corresponding
matched COPD patient, to ensure identical follow-up initiation
and to avoid immortal time bias. Standardized mean differences
(SMDs) were reported for all covariates pre- and post-matching.

Outcomes and comorbidities

To evaluate the incidence of TB, participants were followed from
the index date until the earliest occurrence of one of the follow-
ing events: a diagnosis of TB (ICD-9-CM codes 010-018), death,
withdrawal from the National Health Insurance program, or the
end of the observation period on December 31, 2021. Comorbid
conditions were identified based on diagnostic codes recorded in
outpatient and inpatient claims within 1 year prior to the index
date. These comorbidities included diabetes mellitus (ICD-9-CM
code 250), hypertension (ICD-9-CM codes 401-405), hyperlipi-
demia (ICD-9-CM code 272), coronary artery disease (ICD-9-
CM codes 410-414), end-stage renal disease (ICD-9-CM codes
585, 585.6), hepatitis B (ICD-9-CM codes V02.61, 070.20,
070.22, 070.30, 070.32), hepatitis C (ICD-9-CM codes V02.62,
070.41, 070.44, 070.51, 070.54), pneumoconiosis (ICD-9-CM
codes 500-505), lung cancer (ICD-9-CM code 162), theumatoid
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Figure 1. Flowchart of subject enrollment.

arthritis (ICD-9-CM code 714), and head and neck cancer (ICD-
9-CM codes 146.0-146.9, 149.0-149.1). Each comorbidity was
coded as a binary variable (1 = presence, 0 = absence).

Statistical analysis

Descriptive statistics for demographic and comorbidity vari-
ables in both COPD and non-COPD groups were presented
as frequencies with percentages for categorical variables and
as means with standard deviations (SDs) for continuous varia-
bles. Group comparisons were conducted using the Chi-square
test for categorical variables and Student’s ¢-test for continuous
variables. Demographic characteristics included sex and age,
stratified into four groups: 40 - 49, 50 - 59, 60 - 69, and > 70
years. The cumulative incidence of TB was estimated using the
Kaplan-Meier method, and differences between groups were
assessed with the log-rank test. TB incidence rates were calcu-

lated as the number of TB events per 10,000 person-years of
follow-up. To evaluate the association between comorbidities
and the risk of TB among COPD patients, Cox proportional
hazards models were applied. Hazard ratios (HRs) and corre-
sponding 95% confidence intervals (Cls) were estimated. Vari-
ables found to be statistically significant in univariable analy-
ses were included in the multivariable Cox regression model.
All statistical tests were two-tailed, and a P-value < 0.05 was
considered indicative of statistical significance. Analyses were
conducted using the R statistical software environment.

Results

Patient characteristics

A total of 117,989 patients with COPD met the eligibility cri-
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Table 1. Demographic Characteristics and Comorbidities of Patients With and Without COPD

Variables COPD (n =117,989) Without-COPD (n = 117,989) Standardized mean difference
Age (%)
40 - 49 15,371 (13.03) 15,351 (13.01)
50-59 26,456 (22.42) 26,419 (22.39)
60 - 69 33,389 (28.3) 33,063 (28.02)
>70 42,773 (36) 43,156 (36.58)
Mean (+ SD) 64.583 (+ 12.18) 64.625 (£ 12.19) 0.003
Gender (%)
Male 65,038 (55.12) 64,409 (54.59) 0.011
Female 52,951 (44.88) 53,580 (45.41)
Comorbidities (%)
Diabetes mellitus 40,030 (33.93) 39,159 (33.19) 0.016
Hypertension 75,707 (64.16) 75,814 (64.26) 0.002
Hyperlipidemia 40,751 (34.54) 40,609 (34.42) 0.003
Coronary artery disease 36,005 (30.52) 36,400 (30.85) 0.007
End-stage renal disease 19,213 (16.28) 18,953 (16.06) 0.006
Hepatitis B or C 7,369 (6.25) 7,288 (6.18) 0.003
Pneumoconiosis 457 (0.39) 316 (0.27) 0.021
Lung cancer 7,899 (6.69) 7,558 (6.41) 0.012
Rheumatoid arthritis 3,144 (2.66) 3,098 (2.63) 0.002
Head and neck cancer 4,974 (4.22) 4,693 (3.98)
Outcomes (%)
Tuberculosis 221 (0.19) 176 (0.15) 0.009

COPD: chronic obstructive pulmonary disease; SD: standard deviation.

teria and were included in the study cohort (Fig. 1). Propensity
scores were computed based on covariates associated with TB
risk for all participants. Following 1:1 propensity score match-
ing, an equal number of 117,989 individuals without COPD
were selected as the control cohort. Among the COPD group,
221 patients (0.19%) developed TB, compared to 176 patients
(0.15%) in the non-COPD group (Table 1). Baseline charac-
teristics of both cohorts, including age, sex, and relevant co-
morbidities, are presented in Table 1. SMDs were computed
for all covariates before and after matching. Post-matching
balance met conventional criteria (all [SMD| < 0.10), indicat-
ing adequate covariate balance between groups, supporting the
comparability of the matched cohorts.

Incidence of TB

Table 2 compares COPD vs. non-COPD within each comor-
bidity. The overall incidence rate of TB was significantly
higher in the COPD cohort compared to the non-COPD cohort
(3.20 vs. 1.45 per 10,000 person-years). After adjusting for po-
tential confounders including age and gender, the risk of devel-
oping TB remained significantly elevated in the COPD group,
with an adjusted hazard ratio (aHR) of 1.74 (95% CI: 1.423
- 2.135; P < 0.001), indicating a 74% increased risk relative

to individuals without COPD. Further stratified analysis re-
vealed that the incidence rates of TB in the COPD population
increased progressively with age: 1.45, 2.37, 2.80, and 4.51
per 10,000 person-years for age groups 40 - 49, 50 - 59, 60 -
69, and > 70 years, respectively - rates that were consistently
higher than those observed in the non-COPD cohort across all
age strata. Cox proportional hazards analysis identified age,
sex, and comorbid conditions as significant factors associated
with increased TB risk in the COPD group compared to the
non-COPD group. For instance, among male patients, the aHR
for TB was 1.80 (95% CI: 1.41 - 2.30; P <0.001) in the COPD
group, further highlighting the amplified risk relative to their
non-COPD counterparts. To minimize protopathic bias, a sen-
sitivity analysis was performed by excluding TB cases diag-
nosed within 6 months after the index date. The results were
consistent with the main analysis.

Comorbidities on TB occurred

The relationship between individual comorbidities and the
risk of TB among COPD patients was further examined, as
presented in Table 3. The covariates included age, sex, dia-
betes mellitus, hypertension, hyperlipidemia, coronary artery
disease, and lung cancer, thereby providing aHRs for TB risk.
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Table 2. Incidence of Tuberculosis in Patients With and Without COPD

COPD (n =117,989) Non-COPD (n = 117,989)
Characteristics aHR (95%CI) P-value
Event TFP (PY) IR Event TFP (PY) IR

Tuberculosis 221 690,506.3 3.20 176 1,213,800 1.45 1.74 (1.423 - 2.135) <0.001
Age

40 - 49 12 82,838.7 1.45 4 144,864.6 0.28 3.64 (1.16 - 11.46) 0.027

50 -59 36 152,159.3 2.37 21 269,416.5 0.78 2.16 (1.244 - 3.74) <0.001

60 - 69 53 189,244.0 2.80 47 339,772.1 1.38 1.66 (1.11 - 2.48) 0.014

>70 120 266,264.3 4.51 104 459,746.5 2.26 1.59 (1.22 - 2.08) <0.001
Gender

Male 153 386,644.6 3.96 115 653,822.8 1.76 1.80 (1.41-2.3) <0.001

Female 68 303,861.7 2.24 61 559,976.8 1.09 1.59 (1.11 - 2.26) 0.011
Diabetes mellitus

Presence 77 248,046.2 3.10 77 418,748.7 1.84 1.31(0.95-1.81) 0.097

Absence 144 442,460 3.25 99 795,051 1.25 2.09 (1.61 - 2.72) <0.001
Hypertension

Presence 146 468,761.9 3.11 128 807,871.7 1.58 1.61 (1.27 - 2.06) <0.001

Absence 75 221,744.4 3.38 48 405,928 1.18 2.03 (1.40-2.94) <0.001
Hyperlipidemia

Presence 73 248,683.1 2.94 57 439,668.1 1.30 1.83(1.28 -2.61) <0.001

Absence 148 441,823.2 3.35 119 774,131.6 1.54 1.71 (1.34-2.19) <0.001
Coronary artery disease

Presence 79 230,300.4 343 73 391,213.1 1.87 1.55(1.12 - 2.15) 0.008

Absence 142 460,205.9 3.09 103 822,586.6 1.25 1.85(1.427 - 2.399) <0.001
End-stage renal disease

Presence 48 122,849.1 391 58 204,352.9 2.84 1.17 (0.79 - 1.72) 0.441

Absence 173 567,657.1 3.05 118 1,009,447 1.17 2.00 (1.57 - 2.54) <0.001
Hepatitis B or C

Presence 19 45,944.76 4.14 19 78,950.59 241 1.20 (0.63 - 2.29) 0.584

Absence 202 644,561.5 3.13 157 1,134,849 1.38 1.82 (1.47-2.25) <0.001
Pneumoconiosis

Presence 5 3,295.30 15.17 3 3,309.62 9.06 1.21 (0.29 - 5.006) 0.796

Absence 216 687,211 3.14 173 1,210,490 1.43 1.75 (1.42-2.14) <0.001
Lung cancer

Presence 23 47,726.22 4.82 28 78,702.87 3.56 1.11 (0.63 - 1.95) 0.714

Absence 198 642,780.1 3.08 148 1,135,097 1.30 1.86 (1.50 - 2.31) <0.001
Rheumatoid arthritis

Presence 10 18,919.67 5.29 0 33,426.95 - - -

Absence 211 671,586.6 3.14 176 1,180,373 1.49 1.67 (1.36 - 2.05) <0.001
Head and neck cancer

Presence 11 28,943.24 3.80 11 48,490.89 2.27 1.41 (0.60 - 3.31) 0.434

Absence 210 661,563 3.17 165 1,165,309 1.42 1.76 (1.43 - 2.17) <0.001

aHR: adjusted hazard ratio; Cl: confidence interval; COPD: chronic obstructive pulmonary disease; IR: incident rate per 10,000 person-years; PY:
per 10,000 person-years; TFP: total follow-up period.
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Table 3. Impact of Comorbidities on Tuberculosis Among COPD Patients (n = 117,989)

Comorbidity Number Event aHR (95% CI) P-value
No comorbidity 23,832 (20.20)* 36 (0.15)° - -
Diabetes mellitus 40,030 (33.93) 77 (0.19) 1.19 (0.80 - 1.76) 0.400
Hypertension 75,707 (64.16) 146 (0.19) 1.16 (0.80 - 1.67) 0.436
Hyperlipidemia 40,751 (34.54) 73 (0.18) 1.10 (0.74 - 1.65) 0.631
Coronary artery disease 36,005 (30.52) 79 (0.22) 1.27 (0.86 - 1.89) 0.236
End-stage renal disease 19,213 (16.28) 48 (0.25) 1.51 (0.98 - 2.32) 0.065
Hepatitis B or C 7,369 (6.25) 19 (0.26) 1.63 (0.94 - 2.85) 0.085
Pneumoconiosis 457 (0.39) 5(1.09) 6.94 (2.72 - 17.71) 0.001*
Lung cancer 7,899 (6.69) 23 (0.29) 1.81 (1.07 - 3.05) 0.027*
Rheumatoid arthritis 3,144 (2.66) 10 (0.32) 2.05(1.01 - 4.12) 0.046*
Head and neck cancer 4,974 (4.22) 11 (0.22) 1.42 (0.72 - 2.79) 0.312

aNumber/n (%); PEvent/Number (%). *P < 0.05. aHR: adjusted hazard ratio; Cl: confidence interval; COPD: chronic obstructive pulmonary disease.

The reference group consisted of COPD patients without any
comorbid conditions, allowing for direct comparisons with
those who had specific comorbidities. Significantly elevated
risks of TB were observed among COPD patients with pneu-
moconiosis (aHR: 6.94; 95% CI: 2.72 - 17.71; P < 0.001), lung
cancer (aHR: 1.81; 95% CI: 1.07 - 3.05; P =0.027), and rheu-
matoid arthritis (aHR: 2.05; 95% CI: 1.01 - 4.12; P = 0.046),
indicating that these conditions may substantially contribute to
TB susceptibility within this population.

Cumulative incidence rates of TB

The cumulative incidence curves depicting TB occurrence over
the follow-up period demonstrated a statistically significant
difference between the COPD and non-COPD groups (log-
rank test, P < 0.05) as illustrated in Figure 2. Further stratified
analyses revealed that COPD patients with comorbid pneumo-
coniosis exhibited a significantly greater risk of developing TB
compared to non-COPD patients with pneumoconiosis (log-
rank test, P < 0.05; Fig. 3). Comparable elevated risks were
also observed among COPD patients with lung cancer (Fig. 4)
and rheumatoid arthritis (Fig. 5), indicating these comorbidi-
ties amplify TB susceptibility in the COPD population.

Discussion

From our study, we found that patients with COPD increased
the risk of TB. The risk of increased TB was increased with age.
The older, the more risk of TB in COPD. The risk also increased
with patient comorbidities, especially in pneumoconiosis, rheu-
matoid arthritis, and lung cancer with aHR: 6.94, 2.05, and 1.81,
respectively. In Taiwan, it seems that pneumoconiosis had much
higher impact on TB in COPD than other comorbidities.

Three large-scale cohort studies [13-15] have document-
ed a significant association between COPD and an elevated
risk of developing TB, even after adjusting for a wide range
of potential confounding variables such as age, smoking sta-

tus, and comorbid conditions. Across these studies, the aHR
for TB among patients with COPD ranged from 1.44 to 3.14,
all reaching statistical significance, indicating a robust signal
that COPD confers a higher likelihood of TB occurrence. Our
study found that COPD was associated with an increased risk
of developing TB, with an aHR of 1.74. Our finding aligns
closely with results from previous research, further reinforcing
the evidence that COPD is an independent risk factor for TB
across diverse populations and study designs.

Despite the presence of substantial statistical heterogene-
ity among these investigations - likely attributable to differ-
ences in study populations, methodologies, and adjustment
strategies - the overall direction of the effect remained consist-
ent, reinforcing the notion that COPD is a risk factor for TB.
In contrast, findings from a perspective study conducted by Yii
et al [16] demonstrated that chronic bronchitis, a clinical phe-
notype of COPD, did not exhibit a statistically significant as-
sociation with TB risk (HR 0.95; 95% CI: 0.68 - 1.31). Another
case-control study [17] reported that both chronic bronchitis
and emphysema were significantly associated with an elevated
risk of developing TB, highlighting that different clinical phe-
notypes within the spectrum of COPD may contribute to this
increased susceptibility.

This suggests that the relationship between COPD and
TB may vary depending on the specific respiratory condition
and diagnostic criteria applied, the presence of heterogeneity
across studies, including variations in study design, population
characteristics, diagnostic criteria, and adjustment for con-
founding factors.

We suggest that there is a significant increase in the risk of
TB among individuals with COPD. While the causal relation-
ship between COPD and the subsequent development of active
TB remains uncertain, several plausible hypotheses have been
proposed to explain this association. One theory was impaired
cellular immunity and dysfunctional macrophage activity,
both of which are commonly observed in people with COPD,
particularly those with a history of long-term smoking [18].
These immune alterations may compromise the body’s abil-
ity to eradicate Mycobacterium tuberculosis, thereby increas-
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Figure 3. Cumulative incidence rate of tuberculosis in patients with pneumoconiosis.
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ing vulnerability to infection. Furthermore, smoking itself is a
well-established risk factor for both COPD and TB, serving as
a shared etiological pathway that may partially account for the
observed link between the two conditions [19].

Silicosis is a distinct form of pneumoconiosis, a group of
occupational lung diseases caused by the inhalation of dusts.
Among the various types of pneumoconiosis, silicosis stands
out as one of the strongest and most well-documented risk
factors for TB. The coexistence of these two conditions is re-
ferred to as silico TB, a serious clinical entity associated with
significant morbidity. Epidemiological data indicate that the
incidence of TB in individuals with silicosis is strikingly el-
evated - approximately 21.8 times higher than that observed
in the general population [20]. This markedly increased risk
is thought to be driven by silica-induced lung damage and im-
paired macrophage function.

Recently, a comprehensive meta-analysis that included
four cohort studies was conducted to clarify the relationship
between silica exposure and the risk of TB. Across these stud-
ies, a total of 5,884 participants were analyzed, the vast major-
ity of whom were male (90.63%), with a mean age of 47.7
years. The meta-analysis demonstrated a pooled risk ratio of
1.35, indicating that individuals with silicosis or those exposed
to silica dust have a significantly higher likelihood of develop-
ing TB compared to those without such exposure [21].

In our study, when looking specifically at patients with
COPD who also had pneumoconiosis, the risk of TB was dra-
matically amplified. Data revealed an aHR of 6.94, meaning
that pneumoconiosis increased the risk of developing TB near-
ly sevenfold in individuals with COPD. These findings under-
score the synergistic and compounding effects of silica-related
lung disease and COPD in predisposing patients to TB.

The pathway through which silicosis predisposes indi-
viduals to TB involves a complex interplay of pathological and
immunological mechanisms. First, silica-induced lung damage
and immune dysfunction. When silica particles are inhaled, they
deposit deep within the lungs, triggering persistent inflamma-
tion and progressive fibrosis. This chronic injury directly dam-
ages alveolar macrophages. Alveolar macrophages were key
immune cells responsible for engulfing and controlling Myco-
bacterium tuberculosis. Damaged macrophages lose much of
their bactericidal capacity, compromising the lungs’ frontline
defense against infection. Furthermore, studies have demon-
strated that silica exposure creates an intracellular environment
that supports the proliferation of Mycobacterium tuberculosis
within macrophages. Silica appears to interfere with the cellu-
lar mechanisms that normally restrict bacterial replication, ef-
fectively enabling the bacteria to multiply unchecked and in-
creasing the risk of active infection. Beyond its direct effects
on macrophages, silica also impairs broader cell-mediated im-
munity. This immune suppression reduces the host’s ability to
mount an effective defense against Mycobacterium tuberculosis
[22, 23]. In summary, pneumoconiosis initiates chronic lung in-
flammation and fibrosis, damages macrophages, and suppresses
cell-mediated immunity. These combined effects create an envi-
ronment in which Mycobacterium tuberculosis can thrive, ulti-
mately weakening pulmonary defenses and markedly increasing
the risk and prevalence of TB. In addition to the mechanisms
already discussed, corticosteroid use and increased hospital ex-

posure play important roles in explaining the elevated risk of
TB among COPD patients. Systemic or inhaled corticosteroids
are prescribed for COPD management and are known to sup-
press immune function, which may facilitate either reactivation
of latent TB or susceptibility to new infections. Furthermore,
frequent hospital admissions among COPD patients may in-
crease opportunities for nosocomial TB exposure, particularly
in regions with high TB prevalence.

Screening for latent TB may be warranted in patients with
COPD. This could include a combination of diagnostic ap-
proaches such as a tuberculin skin test or interferon-gamma re-
lease assay, chest radiography, or computed tomography scans.
Clinicians should also maintain heightened vigilance for new
or worsening clinical symptoms, including persistent or wors-
ening cough, hemoptysis, night sweats, unexplained weight
loss, or failure to respond to standard COPD therapy, as these
may indicate active TB or reactivation of latent infection.

Our study has several limitations that should be acknowl-
edged when interpreting the findings. First, we were unable to
obtain data on certain key risk factors, most notably smoking
status. The absence of this information represents an inherent
limitation of large database studies, as lifestyle factors are of-
ten underreported or unavailable in such datasets. Although the
NHIRD lacks information on lifestyle factors such as smoking
status and body mass index (BMI), our analyses indirectly ac-
counted for potential smoking-related effects through adjust-
ment for comorbidities such as hypertension, hyperlipidemia,
coronary artery disease, and lung cancer. Second, the diagnosis
of COPD in our study relied on physician-documented medical
records rather than objective measurements, such as spirometry
or other pulmonary function tests, which were not captured in
the database. This reliance on clinical diagnosis introduces the
possibility of misclassification or diagnostic variability. None-
theless, prior validation studies using similar administrative
data sources have demonstrated high reliability and accuracy of
COPD diagnoses [24, 25], supporting the credibility of our case
definition. Third, because cause-specific mortality data were
unavailable in the NHIRD, a Fine-Gray competing risks analy-
sis could not be performed. Therefore, potential overestimation
of TB risk due to competing mortality in elderly patients cannot
be fully excluded. In our analysis, we did not account for the
use, dosage, or duration of inhaled or systemic corticosteroids,
nor for healthcare utilization intensity, which could potentially
influence the likelihood of TB detection. These unmeasured fac-
tors may introduce residual confounding and could potentially
bias the detection of TB, thereby limiting the strength of causal
inference. To address potential confounding, we conducted a
reanalysis excluding patients with autoimmune diseases who
received immunosuppressive medications and human immuno-
deficiency virus (HIV)/acquired immune deficiency syndrome
(AIDS). The findings remained consistent, suggesting that the
small number of patients with HIV/AIDS or autoimmune dis-
eases who received immunosuppressive medications had min-
imal impact on the overall results. Participants were matched
and adjusted for major comorbidities (e.g., diabetes, COPD,
malignancy) as well as for the number of outpatient visits and
hospitalizations prior to the index date, which served as a proxy
for healthcare utilization intensity. Although residual confound-
ing cannot be entirely ruled out, these measures substantially
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reduce its potential influence, and the overall direction of the
association is unlikely to be affected. Despite these limitations,
the primary objective of our study was to generate comprehen-
sive, population-level data that could provide a broader under-
standing of the relationship between COPD and the risk of TB.
By leveraging a large, nationally representative dataset, our
findings offer valuable insights that are generalizable across all
stages and severities of COPD, ultimately contributing to the
evidence base needed to guide public health strategies and clini-
cal decision-making.

Conclusions

After adjustment for available covariates, COPD was associ-
ated with an increased risk of TB (aHR ~ 1.74); however, re-
sidual confounding due to factors such as corticosteroid use,
immunosuppressive therapy, and smoking cannot be excluded.
This finding highlights the need for further research to clarify
the underlying mechanistic pathways linking COPD and TB,
particularly at the cellular and molecular levels, where im-
mune dysregulation and chronic inflammation may play criti-
cal roles. Clinically, these results underscore the importance of
maintaining a high index of suspicion for TB in patients with
COPD, ensuring timely diagnosis and appropriate treatment
to mitigate the impact of TB on this vulnerable population.
Strengthening TB detection and management efforts may ulti-
mately reduce the future disease burden and contribute to more
comprehensive care for COPD.
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