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Abstract

Background: Chronic obstructive pulmonary disease (COPD) and tuberculosis (ITB) are
among the most prevalent respiratory disorders worldwide and frequently coexist in the
same patient. However, the contribution of active TB and post-tuberculosis lung disease
to COPD exacerbations and long-term prognosis remains incompletely defined. Objec-
tive: To evaluate the prevalence, clinical correlates, and prognostic significance of tuber-
culosis and its sequelae in patients with COPD. Materials and methods: We conducted a
population-based retrospective cohort study using de-identified data from the regional
healthcare information system. The cohort included all adults aged 18 years or older with
a recorded diagnosis of COPD (ICD-10 code J44). Tuberculosis was identified by codes
A15-A19 and B90. The primary outcomes were COPD exacerbations and all-cause mor-
tality. Group comparisons, cluster analysis, Kaplan-Meier survival analysis, Cox propor-
tional hazards modeling, and multivariable logistic regression were performed. Results:
Tuberculosis and/or its sequelae were identified in 267 of 16,714 patients (1.60%): post-TB
sequelae (B90) in 197 (73.8%), active TB (A15-A19) in 22 (8.2%), and both in 48 (18.0%).
Compared with patients without TB, those with COPD-TB were younger (63.5 + 14.2 vs.
65.7 £ 14.7 years; p = 0.018), more often male (75.3% vs. 52.0%; p < 0.001), and had higher
mortality (16.5% vs. 10.6%; p = 0.003). COPD-TB was associated with bronchiectasis (OR =
6.07; 95% CI, 3.03-12.16), pulmonary fibrosis (OR = 5.67; 95% ClI, 3.40-9.45), and pneumo-
nia (OR =2.01; 95% CI, 1.50-2.71), but with lower prevalences of obesity, diabetes mellitus,
and hypertension. Patients with TB experienced more COPD exacerbations, including re-
current exacerbations. In multivariable models, tuberculosis was associated with COPD
exacerbations after adjustment for age and sex (adjusted OR =1.43; 95% CI, 1.05-1.96); this
association was attenuated and lost significance after further adjustment for post-tuber-
culosis structural lung disease, indicating that it is largely mediated by post-TB sequelae.
Tuberculosis remained associated with mortality after adjustment for available covari-
ates, both in logistic regression (adjusted OR =1.61; 95% CI, 1.14-2.28) and in Cox analysis
(hazard ratio = 1.37; 95% CI, 1.01-1.85). Conclusions: Tuberculosis and post-tuberculosis
lung disease are clinically accessible risk markers associated with COPD exacerbations
and mortality. These findings support recognizing patients with COPD and a history of
TB as a high-risk subgroup requiring intensified follow-up, proactive exacerbation pre-
vention, and prioritized vaccination counseling. In the context of personalized medicine,
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a documented history of tuberculosis and post-tuberculosis lung changes represents a
clinically accessible marker that can be used to stratify individual risk and to tailor moni-
toring and prevention in patients with COPD.

Keywords: chronic obstructive pulmonary disease; tuberculosis; post-tuberculosis lung
disease; comorbidity; COPD exacerbations; mortality; Cox regression; population-based
cohort study; COPD phenotyping; Voronezh Region; personalized medicine;

risk stratification; precision medicine

1. Introduction

Chronic obstructive pulmonary disease (COPD) is one of the leading chronic respir-
atory disorders worldwide. Its prevalence in the adult population is commonly estimated
at around 10%, and it remains among the leading causes of death globally [1-4]. A hall-
mark of COPD is its marked clinical heterogeneity, with substantial variation in symp-
toms, exacerbation burden, comorbidities, and long-term outcomes. This heterogeneity
has driven sustained interest in clinically meaningful phenotyping of the disease [5,6].

Over the past decade, pulmonary tuberculosis has increasingly been recognized as
an important determinant of COPD phenotype and prognosis [7,8]. Tuberculosis remains
a major global health problem: according to the World Health Organization, 10.6 million
new cases and 1.3 million deaths were recorded worldwide in 2022 [9]. Beyond acute dis-
ease, prior TB may lead to persistent structural and functional lung impairment, now com-
monly referred to as post-tuberculosis lung disease (PTLD) [10,11]. PTLD includes fibro-
sis, bronchiectasis, residual cavitation, chest wall changes, and chronic airflow limitation-
abnormalities that may aggravate COPD severity, increase exacerbation risk, and worsen
long-term outcomes [12,13]. Epidemiological studies indicate that a history of tuberculosis
and residual post-TB lung changes are encountered more frequently among patients with
COPD than in the general population [14,15]. In some regions, 20-45% of patients with
COPD have documented prior TB or CT findings consistent with previous tuberculous
infection [14]. Meta-analyses have demonstrated that previous tuberculosis increases the
risk of developing COPD approximately 2.5- to 3-fold compared with individuals without
TB [16,17], while a recent systematic review including 32 studies and over 670,000 patients
confirmed a bidirectional association, with COPD prevalence among TB survivors reach-
ing 15-21% [18]. Moreover, COPD-TB comorbidity is associated with a more severe dis-
ease course: affected patients tend to be younger at disease onset, are hospitalized more
frequently for acute exacerbations, and have worse long-term outcomes, including more
rapid lung function decline and higher mortality [19,20]. The first severe COPD exacerba-
tions in patients with tuberculosis-associated COPD have been shown to occur signifi-
cantly earlier than in those without a TB history [8,21]. Taken together, these observations
suggest that the coexistence of COPD and tuberculosis constitutes a distinct clinicopatho-
genetic disease variant in which post-infectious lung damage contributes substantially to
symptom burden and disease progression [22,23]. This comorbidity is associated with in-
creased risks of adverse outcomes—exacerbations, respiratory failure, and death—and
warrants particular attention during follow-up, including active TB case-finding and close
monitoring of pulmonary function to guide timely therapeutic adjustment [12]. Despite
this growing evidence, population-based data on the prognostic impact of TB and post-
TB sequelae in COPD remain limited, particularly in regions with intermediate TB bur-
den. The aim of the present study was to evaluate the prevalence, clinical correlates, and
prognostic significance of tuberculosis and its sequelae in patients with COPD using re-
gional population-based registry data. Because a history of tuberculosis and post-tuber-
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culosis lung changes are routinely documented and clinically accessible characteristics,
they are attractive candidates for individual-level risk stratification in COPD. Conceptu-
alizing them as personal, identifiable markers—rather than as generic comorbidities —is
directly aligned with the goals of personalized respiratory medicine, in which the inten-
sity of follow-up, monitoring, and preventive measures is matched to each patient’s indi-
vidual risk profile.

2. Materials and Methods

This population-based retrospective cohort study analyzed healthcare utilization
data for patients with COPD treated in the Voronezh Region between 2019 and 2025. The
study was approved by the Local Ethics Committee of Ryazan State Medical University,
Russian Ministry of Health (Protocol No. 4, 6 December 2024). The Ethics Committee ap-
proved the use of data from 2019 to 2025 obtained from the regional health information
system. The source dataset comprised all patients recorded in the regional health infor-
mation system with ICD-10 code J44. The final cohort included 16,714 adults aged 18 years
or older. Tuberculosis was identified using ICD-10 codes A15-A19 for active disease and
B90 for post-tuberculosis sequelae. Patients were classified as having COPD-TB if either
current or prior TB was documented at any point during the observation period. Cases of
active tuberculosis (A15-A19) and post-tuberculosis sequelae (B90) were combined into a
single analytical category (“tuberculosis and/or its sequelae”). This approach was adopted
because both active tuberculous disease and residual structural lung damage —including
bronchiectasis, fibrosis, and bronchial distortion—affect the course of COPD through
shared pathogenetic mechanisms: impaired mucociliary clearance, microbial persistence
in structurally altered airways, and sustained chronic inflammation. This rationale is con-
sistent with the concept of tuberculosis-associated COPD (TB-COPD), which considers the
full spectrum of tuberculous lung involvement as a unifying etiological factor for airflow
obstruction, and aligns with the GOLD 2025 etiotype classification, in which the infec-
tious/post-tuberculosis variant is designated as COPD-I [24]. In addition, the boundary
between “active” and “cured” tuberculosis in ICD-10 coding is often ambiguous in rou-
tine clinical practice: some patients carry codes from both groups simultaneously because
of recurrent disease or coding conventions. The small number of patients with isolated
active tuberculosis (n = 22) also precluded a separate subgroup analysis with adequate
statistical power. A descriptive characterization of TB structure (active, sequelae, or both),
including demographic and mortality data for each subgroup, is provided in the Results
section.

The source dataset was obtained from the regional health information system, which
records all healthcare encounters across all healthcare organizations in the region. Data
are entered by treating physicians, with all diagnoses established in accordance with cur-
rent clinical guidelines; physicians are trained to use the system, and the quality of data
entry is monitored within each institution [25]. By study design, only de-identified data
on the dates of medical encounters and the corresponding ICD-10-coded diagnoses were
available to the investigators; other clinical data, including examination and laboratory
results, were not included in the present analysis. The dataset was fully de-identified by
the authorized data custodian before transfer, and the research team analyzed only these
anonymized records, with no access to names, identifiers, or any key enabling re-identifi-
cation. Beyond quantifying the overall prognostic impact of tuberculosis, these popula-
tion-based data were used to delineate clinically distinguishable subgroups of patients
with COPD —through comorbidity-based clustering and stratified analyses—that differ in
their expected burden of exacerbations and mortality, in line with a personalized-medi-
cine approach in which monitoring and prevention are matched to an individual patient’s
risk profile.
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The primary study outcomes were COPD exacerbations and all-cause mortality dur-
ing follow-up. Exacerbations were identified using ICD-10 codes J44.0 and J44.1. We as-
sessed the proportion of patients with at least one exacerbation, the mean number of
COPD exacerbations per patient, and the distribution of exacerbation frequency catego-
ries. All-cause mortality was analyzed with both cumulative event analyses and time-to-
event methods. COPD exacerbations were ascertained from all dated J44.0 and J44.1 rec-
ords in the regional health information system, capturing both outpatient and inpatient
encounters; each such record was counted as a separate exacerbation episode, and fre-
quent COPD exacerbations were defined as at least two registered episodes during follow-
up. Because the registry does not reliably distinguish exacerbation severity or care setting,
COPD exacerbations were analyzed as coded events rather than as severity-graded
events.

Continuous variables are presented as mean + standard deviation and categorical
variables as n (%). Categorical data were compared using the chi-square test. For contin-
uous variables, group comparisons were performed according to distributional character-
istics; in particular, the number of COPD exacerbations was compared using the Mann-
Whitney U test because of non-normality. Odds ratios (ORs) with 95% confidence inter-
vals (ClIs) were calculated for binary outcomes. Survival was analyzed using Kaplan—
Meier curves and Cox proportional hazards regression. To identify factors associated with
mortality and COPD exacerbations after adjustment, multivariable logistic regression
models were fitted with adjustment for age, sex, and major comorbid conditions. All anal-
yses were performed in R version 4.6.0 (R Foundation for Statistical Computing, Vienna,
Austria). Survival analyses (Kaplan-Meier and Cox proportional hazards models) were
conducted with the survival and survminer packages; incidence rates with exact Poisson
confidence intervals were calculated with epitools; baseline comparisons and standard-
ized mean differences were computed with tableone; and K-means clustering and logistic
regression were performed using the base-R functions kmeans and glm.

To characterize clinical heterogeneity within the cohort, we performed K-means clus-
tering based on comorbidity profiles. The binary feature matrix included 24 comorbid
conditions derived from ICD-10 codes and covering cardiovascular, metabolic, respira-
tory, oncologic, gastrointestinal, and infectious diseases. The number of clusters was se-
lected on the basis of clinical interpretability and internal validity metrics. Solutions for k
ranging from 2 to 8 were evaluated iteratively; at k < 3, the profiles merged clinically het-
erogeneous groups, whereas at k > 6, internally homogeneous clusters fragmented with-
out yielding new clinically meaningful patterns. A five-cluster solution (k = 5) provided
the optimal balance between clinical interpretability and within-cluster homogeneity. To
improve stability, 25 random centroid initializations were used (nstart = 25), retaining the
solution that minimized the total within-cluster sum of squares (iter.max = 100). Cluster-
ing was performed using the kmeans function in R (base package). Because k-means relies
on Euclidean distance, which is not ideal for binary comorbidity indicators, the clustering
was treated as an exploratory, descriptive step rather than a definitive partition; internal
validity was modest across all solutions (mean silhouette width 0.13-0.16 for k =2-8 in a
2000-patient random sample), and the five-cluster solution was retained primarily for clin-
ical interpretability rather than on the basis of an optimal validity metric. Clusters were
then compared with respect to age, sex, multimorbidity burden, and the distribution of
tuberculosis (Figure 1).
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Study Design

Healthcare information system, Voronezh Region, 2019-2025

v

{ INCLUSION CRITERIA ]

{ DATA SOURCE ]

All adults =18 years with COPD (ICD-10: J44) under dispensary follow-up

v

STUDY COHORT: n = 16,714 patients
26,224 person-years | median follow-up 1.6 years | 52.4% men | mean age 65.7 years

/\

COPD + Tuberculosis COPD without Tuberculosis
n =267 (1.6%) n = 16,447 (98.4%)
ICD-10: A15-A19 and/or B9O

Active TB (A15-A19): 22 (8.2%)
Post-TB sequelae (B90): 197 (73.8%)
Active TB + sequelae: 48 (18.0%)

ANALYSIS

Stage 1 Stage 2 Stage 3
Cohort characterization Multimorbidity profiling COPD-TB subgroup
* Age-sex distribution * K-means clustering « TB structure & incidence
+ Comorbidity burden (24 ICD-10 conditions) * Comorbidity comparison
* Mortality overview + 5 clinical profiles » Clinical portrait

Stage 4 Stage 5 Stage 6
Exacerbation analysis Survival & mortality Dispensary follow-up
* Frequency comparison + Kaplan-Meier curves = TB-specific surveillance
+ Distribution by count + Cox regression (HR) * Diagnostic pathways
« Exacerbation types * Multivariable logistic * Vaccination coverage
+ Seasonal patterns regression (adjusted OR) + Medical certificates
+ Adjusted OR (sex, age) « Stratified analysis * Expert assessments

KEY FINDINGS

Exacerbations 1 Mortality 1 Care gaps identified
Any: 19.1% vs 13.2% 16.5% vs 10.6% * Lower vaccination
aOR = 1.43 (1.06-1.94) aOR = 1.55 (1.10-2.20) in COPD-TB group
Cox HR = 1.37 (1.01-1.85) + Spring exacerbation
Frequent (=2): peak (March)
9.7% vs 6.0% 48-mo survival: + High demand for
aOR = 1.54 (1.02-2.32) 65.3% vs 80.1% medical certificates
CONCLUSION

TB and post-TB lung changes are associated with higher rates of
COPD exacerbations and mortality. Patients with COPD-TB represent a
high-risk subgroup requiring intensified follow-up, exacerbation
prevention, and structured vaccination strategies.

Figure 1. Study design. COPD, chronic obstructive pulmonary disease; TB, tuberculosis; ICD-10,
International Classification of Diseases, 10th Revision. Box colours indicate the role of each element:
blue, data source and eligibility criteria; green, the overall study cohort and the tuberculosis-free
comparison group; red, the COPD-TB group of interest and its diagnostic composition; lilac, the
analytical stages; violet, the principal findings. Colours are used for visual organisation only and

convey no quantitative information.

3. Results
3.1. General Characteristics of the COPD Cohort

The study included 16,714 patients with chronic obstructive pulmonary disease
(ICD-10 code J44) who sought medical care in the Voronezh Region between 2019 and
2025.

Among the included patients, 8757 (52.4%) were men and 7957 (47.6%) were women.
The mean age was 65.7 + 14.7 years (median, 68.0 years; range, 18-104 years). The age and
sex distribution of the cohort is shown in Supplementary Figure S1.
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More than two-thirds of patients (74.8%) were aged 60 years or older, which is con-
sistent with the typical age structure of COPD populations. The age—sex pattern was also
characteristic: men predominated in age groups below 70 years (55-56%), the sex ratio
approached parity in the 70-79-year group (51.6% men), and women predominated
among patients aged 80 years or older (59.3%). This pattern may reflect both the longer
life expectancy of women and the more aggressive course of COPD in men, associated
with higher rates of smoking and occupational exposure.

Comorbidity analysis demonstrated a high burden of multimorbidity in the cohort
(Supplementary Table S1). Cardiovascular disease was most prevalent: arterial hyperten-
sion was present in 80.5% of patients, cerebrovascular disease in 44.4%, and ischemic heart
disease in 38.2%. Chronic heart failure was recorded in 8.0% and atrial fibrillation in 8.3%.
Among infectious conditions, prior COVID-19 was common (29.5%), reflecting the impact
of the pandemic on this population. Tuberculosis and its sequelae were recorded in 267
patients (1.6%), equivalent to approximately one in every 63 COPD patients. Diabetes
mellitus was present in 14.8%, obesity in 11.4%, and malignant neoplasms in 13.1%, un-
derscoring the need for oncologic vigilance in COPD. Asthma—-COPD overlap was identi-
fied in 16.0% and chronic bronchitis in 21.2%.

During follow-up, 1793 patients died, corresponding to an overall all-cause mortality
of 10.7% for the entire observation period (2019-2025).

3.2. Multimorbidity Profiles of Patients with COPD

To identify clinically meaningful subgroups with distinct patterns of multimorbidity,
we performed K-means clustering. A five-cluster solution provided the best balance be-
tween clinical interpretability and within-cluster homogeneity; larger solutions produced
only limited additional separation while substantially reducing practical interpretability
(Supplementary Table S2).

The largest cluster was the cardiovascular profile (1 =4402; 26.3%), composed of older
patients with marked cardiovascular pathology. Mean age was 71.8 years, the proportion
of men was 54.8%, and the mean number of comorbidities was 4.2. The defining condi-
tions were ischemic heart disease (100%), arterial hypertension (97%), cerebrovascular dis-
ease (61%), and malignant neoplasms (22%). This profile had the highest mortality of all
clusters (14.0%), highlighting the adverse prognostic role of combined COPD and is-
chemic heart disease. TB prevalence was 1.4%, close to the cohort average (1.6%).

The cerebrovascular profile (n = 2626; 15.7%) was characterized by predominant cer-
ebrovascular pathology with a relatively low ischemic heart disease prevalence. Mean age
was 69.9 years; women accounted for 52.2%. The mean number of comorbidities was 3.0.
Key conditions were cerebrovascular disease (100%), arterial hypertension (89%), diabetes
mellitus (16%), and malignant neoplasms (16%). Mortality was 12.6%, and TB prevalence
was 1.9%.

The hypertensive profile (n = 4282; 25.6%) consisted of comparatively younger pa-
tients (mean age, 64.1 years) with isolated arterial hypertension and a low burden of
comorbidity (mean, 2.1 conditions). Sex distribution was close to parity (53.1% men). The
main comorbidities were arterial hypertension (100%), cerebrovascular disease (17%),
bronchial asthma (15%), and diabetes mellitus (15%). This profile had relatively low mor-
tality (7.4%), suggesting a more favorable prognosis in the setting of controlled hyperten-
sion without severe cardiac disease. TB prevalence was 1.4%.

The polymorbid profile (n = 2607; 15.6%) had the highest number of comorbidities
(mean, 5.4) and a marked predominance of women (60.1%). Mean age was 69.5 years. Key
comorbidities included gastritis/peptic ulcer disease (100%), arterial hypertension (98%),
cerebrovascular disease (80%), ischemic heart disease (66%), prior COVID-19 (32%), and
atrial fibrillation (22%). Despite the greatest overall burden of comorbidity, this profile
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had the lowest mortality (6.7%), suggesting a possible “multimorbidity paradox,” poten-
tially explained by closer follow-up and more regular pharmacotherapy in patients with
multiple chronic diseases. TB prevalence was 1.5%.

The isolated COPD profile (1 = 2797; 16.7%) comprised the youngest patients (mean
age, 50.7 years), with the lowest comorbidity burden (mean, 0.8 conditions) and the high-
est proportion of men (63.5%). The most common associated conditions were prior
COVID-19 (17%) and asthma (13%). Despite younger age and fewer comorbidities, mor-
tality remained high (12.6%), probably reflecting a more severe intrinsic COPD course.
Importantly, this profile showed the highest TB prevalence (2.1%), 1.3 times higher than
the cohort average.

Thus, tuberculosis was most strongly linked to the isolated COPD profile, which con-
sisted mainly of younger men without marked cardiovascular comorbidity. This observa-
tion has practical implications: patients with apparently “pure” COPD who lack the usual
cardiometabolic comorbidity spectrum may nevertheless represent a clinically vulnerable
subgroup if they have a history of TB. From a personalized-medicine standpoint, this
means that a single, routinely recorded variable—a documented history of tuberculosis—
can reclassify an otherwise low-comorbidity patient into a higher-risk COPD subgroup,
supporting individualized rather than uniform follow-up.

3.3. Characteristics of the COPD + Tuberculosis Subgroup

Of the 16,714 patients with COPD, 267 had tuberculosis or its sequelae, correspond-
ing to 1.6% of the total cohort. In other words, every 63rd patient with COPD had a history
of tuberculosis. The TB structure within the COPD cohort is shown in Table 1. In the ma-
jority of cases (73.8%), the registered condition was sequelae of prior tuberculosis (ICD-10
code B90), whereas active respiratory TB (A15-A19) without sequelae accounted for only
8.2%. In 18.0% of cases, codes for both active TB and post-TB sequelae were present, sug-
gesting recurrent or complex disease trajectories.

Table 1. Structure of tuberculosis among patients with COPD (n = 267).

] ] ICD-10 Age, Years Mortality,
TB Manifestation Codes n % (Mian +SD) Men, % % y
Active tuberculosis A15-A19 22 8.2 67.8+15.3 77.3 13.6
Post-TB sequelae B90 197 738 64.6 +14.5 74.1 19.3
Active TB +seque- - AIS-ALD, 0 1oy 5731908 79.2 6.2
lae B90
Total 267  100.0 63.5+14.2 75.3 16.5

Mortality varied substantially across TB manifestations. The highest mortality
(19.3%) was observed in patients with post-TB sequelae, whereas those coded for both
active TB and sequelae had the lowest mortality (6.2%). This apparent paradox may reflect
closer specialist follow-up in patients with recently active disease, whereas the long-term
consequences of post-TB structural lung damage may be underestimated in routine care.

To assess the risk of active TB in patients with COPD, incidence rates were calculated
using registry data for 2020-2024.

During follow-up, 69 newly diagnosed cases of active respiratory tuberculosis were
recorded among patients with COPD. The overall incidence rate was 1.16 per 1000 person-
years (95% CI, 0.91-1.47) (Supplementary Figure 52). Compared with the average annual
TB incidence in the Russian Federation during the same period (approximately 30 per
100,000 population per year, or 0.30 per 1000), assumed to approximate person-years un-
der a stationary-population assumption, the incidence among patients with COPD was
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roughly fourfold higher (incidence rate ratio = 3.9), supporting the concept of COPD as a
clinically relevant risk condition for TB.

Patients with COPD-TB comorbidity differed significantly from those without tuber-
culosis across all three key demographic and prognostic parameters. They were younger
(mean age 63.5 + 14.2 vs. 65.7 + 14.7 years; p = 0.018), were predominantly male (75.3% vs.
52.0%; p < 0.001), and had higher all-cause mortality (16.5% vs. 10.6%; p = 0.003).

The age-sex distribution of patients with COPD and tuberculosis is presented in Sup-
plementary Figure S1.

In age groups below 70 years, the proportion of men among patients with COPD and
TB reached 77-85%, markedly exceeding the corresponding values in the overall COPD
cohort (55-56%). The sex ratio approached parity only in older age groups (70 years and
older).

A comparative analysis of comorbidity frequencies revealed distinctive features of
the comorbidity profile in patients with COPD and tuberculosis (Table 2).

Table 2. Baseline characteristics of patients with COPD according to tuberculosis status.

. . COPD-TB  COPD Without
Characteristic (1 = 267) TB (1 = 16,447) p SMD

Demographics and outcomes

Age, years (mean * SD) 63.5+14.2 65.7 +14.7 0.018 0.15
Male sex, n (%) 201 (75.3) 8556 (52.0) <0.001 0.50
>1 exacerbation, 1 (%) 51 (19.1) 2164 (13.2) 0.006 0.16
Frequent exacerbations (>2), n (%) 26 (9.7) 982 (6.0) 0.015 0.14
All-cause mortality, n (%) 44 (16.5) 1749 (10.6) 0.003 0.17
Comorbidities, 1 (%)
Arterial hypertension 187 (70.0) 13,274 (80.7) <0.001 0.25
Cerebrovascular disease 121 (45.3) 7300 (44.4) 0.808 0.02
Ischemic heart disease 94 (35.2) 6297 (38.3) 0.335 0.06
Atrial fibrillation 20 (7.5) 1368 (8.3) 0.708 0.03
Chronic heart failure 27 (10.1) 1313 (8.0) 0.247 0.07
Atherosclerosis 30 (11.2) 1161 (7.1) 0.012 0.15
Diabetes mellitus 21(7.9) 2458 (14.9) 0.002 0.22
Obesity 11 (4.1) 1897 (11.5) <0.001 0.28
Chronic bronchitis 73 (27.3) 3468 (21.1) 0.016 0.15
Asthma 45 (16.9) 2624 (16.0) 0.754 0.02
Pneumonia 57 (21.3) 1953 (11.9) <0.001 0.26
Pulmonary fibrosis 17 (6.4) 195 (1.2) <0.001 0.27
Emphysema 4 (1.5) 128 (0.8) 0.332 0.07
Bronchiectasis 9 (3.4) 94 (0.6) <0.001 0.20
Prior COVID-19 67 (25.1) 4867 (29.6) 0.126 0.10
Hepatitis/chronic liver disease 15 (5.6) 432 (2.6) 0.005 0.15
Malignant neoplasm 39 (14.6) 2147 (13.1) 0.512 0.05
Rheumatoid arthritis 8 (3.0) 171 (1.0) 0.005 0.14
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Note. Continuous variables compared with the t-test, categorical variables with the chi-square test.
SMD, standardized mean difference (ISMDI > 0.1 indicates a meaningful imbalance). Reference:
COPD without tuberculosis.

Patients with COPD and tuberculosis were significantly more likely to have struc-
tural lung abnormalities: bronchiectasis was nearly six times more common and pulmo-
nary fibrosis more than five times more common. Pneumonia was also more frequent,
which may reflect both structural bronchopulmonary damage and heightened suscepti-
bility to infection.

A particularly important finding was the lower prevalence of metabolic disorders in
the COPD-TB group: obesity was 2.8-fold less frequent, diabetes mellitus was 1.9-fold less
frequent, and arterial hypertension was also less common. Taken together, these differ-
ences define a distinctive comorbidity pattern that differs from the usual cardiometabolic
phenotype of COPD.

The data also allow construction of a clinical portrait of the typical patient with
COPD-TB comorbidity. In our cohort, such a patient was most often a man (75.3%) ap-
proximately 64 years of age, younger than the average patient with COPD. In nearly three-
quarters of cases, the relevant condition was not active TB but post-TB sequelae. Relative
to patients with COPD alone, these individuals more frequently had bronchiectasis, fibro-
sis, pneumonia, and exacerbations, but less frequently had obesity, diabetes, and hyper-
tension.

3.4. Effect of Tuberculosis on COPD Course: Exacerbations

COPD exacerbations are a key determinant of disease progression, quality of life, and
prognosis. We therefore compared the frequency and pattern of exacerbations according
to the presence of tuberculosis. The results are presented in Table 3.

Table 3. COPD exacerbations according to tuberculosis status.

Parameter COPD-TB (n = 267) COI;?:;I;;Z;; 8
A. Exacerbation frequency
Patients with >1 exacerbation, 1 (%) 51 (19.1) 2164 (13.2) 0.006
Number of exacerbations (mean + SD) 0.52+1.72 0.29+1.43 0.004 *
Frequent exacerbations (=2), n (%) 26 (9.7) 979 (6.0) 0.015
B. Distribution by number of exacerbations, # (%)
0 216 (80.9) 14,283 (86.8)
1 25 (9.4) 1182 (7.2)
2 11 (4.1) 454 (2.8)
3 7 (2.6) 223 (1.4)
4 0 (0.0) 125 (0.8)
>5 8 (3.0) 180 (1.1)
C. Exacerbation type, 1 (%)
With acute LRTT (J44.0) 11 (4.1) 568 (3.5) 0.673
Unspecified (J44.1) 45 (16.9) 1749 (10.6) 0.002

Note. * Mann-Whitney U test. LRTI, lower respiratory tract infection.

COPD exacerbations were significantly more frequent in the group with concomitant
tuberculosis. At least one exacerbation during follow-up was recorded in 19.1% of patients
with COPD-TB versus 13.2% of those without TB (x? = 7.57; p = 0.006). The unadjusted
odds ratio for any exacerbation was 1.56 (95% CI, 1.14-2.12); after adjustment for sex and
age, the adjusted odds ratio was 1.43 (95% CI, 1.05-1.96; p = 0.023), indicating a 43% higher
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exacerbation risk in the presence of TB after adjustment for demographic factors. The
mean number of exacerbations per patient was also higher in the COPD-TB group (0.52 +
1.72 vs. 0.29 + 1.43; Mann—-Whitney U test, p = 0.004), corresponding to an approximately
1.8-fold increase. Frequent exacerbations (2 during follow-up) occurred in 9.7% of TB-
exposed patients versus 6.0% of non-exposed patients (p = 0.015). The unadjusted odds
ratio for frequent exacerbations was 1.70 (95% CI, 1.13-2.56); after adjustment for sex and
age, the aOR was 1.54 (95% CI, 1.02-2.32; p = 0.041).

A notably larger proportion of patients with multiple COPD exacerbations (=5 during
follow-up) was observed in the COPD-TB group (3.0% vs. 1.1%), suggesting the emer-
gence of a frequent exacerbator phenotype in a subset of patients with this comorbidity.

Statistically significant differences were found for exacerbations coded as J44.1
(“chronic obstructive pulmonary disease with unspecified COPD exacerbation”): 16.9% in
the COPD-TB group versus 10.6% in the COPD-only group (p = 0.002). The frequency of
COPD exacerbations associated with acute lower respiratory tract infection (J44.0) did not
differ significantly (4.1% vs. 3.5%; p = 0.673). The predominance of “unspecified” exacer-
bations in patients with TB may reflect diagnostic complexity: COPD exacerbation symp-
toms in individuals with post-tuberculosis lung damage may mask or mimic infectious
processes, making etiologic verification more difficult.

Taken together, these findings indicate that tuberculosis, including post-TB sequelae,
is a clinically meaningful marker associated with COPD exacerbations. The higher exac-
erbation burden in patients with COPD-TB may be mediated by structural lung damage
such as bronchiectasis, fibrosis, and bronchial distortion, along with chronic inflammation
and impaired mucociliary clearance.

Because bronchiectasis was uncommon overall and present in only nine patients in
the COPD-TB group, a formal analysis stratified by bronchiectasis status was statistically
unstable; we therefore assessed the mediating role of structural and infectious sequelae
by adjustment rather than stratification. To examine whether this excess exacerbation risk
was explained by post-tuberculosis structural lung damage, we added bronchiectasis,
pulmonary fibrosis, and pneumonia to the multivariable model. The association between
tuberculosis and at least one exacerbation, significant after adjustment for age and sex
alone (adjusted OR = 1.43; 95% CI, 1.05-1.96), was attenuated and no longer statistically
significant after further adjustment for these structural and infectious conditions (adjusted
OR =1.27; 95% CI, 0.93-1.74; p = 0.14); a similar attenuation was observed for frequent
exacerbations (from adjusted OR = 1.53 to 1.29; 95% CI, 0.85-1.97). This pattern indicates
that the higher exacerbation burden in COPD-TB is largely mediated by post-tuberculosis
structural sequelae (bronchiectasis and fibrosis) and a greater susceptibility to pneumo-
nia, rather than reflecting an effect of tuberculosis independent of these sequelae. By con-
trast, the association of tuberculosis with mortality persisted after the same adjustment
(adjusted HR = 1.44; 95% CI, 1.06-1.94). These findings are consistent with a mechanistic
pathway in which prior tuberculosis predisposes to COPD exacerbations through chronic
structural lung damage, reinforcing post-tuberculosis lung disease as the actionable target
for exacerbation prevention in this subgroup.

To assess the role of seasonality in COPD course, exacerbations were analyzed by
calendar month and season. A total of 4995 exacerbation episodes were evaluated: 138 in
the COPD-TB group and 4857 in the COPD-only group. Month-by-month distribution is
shown in Supplementary Figure 54.

Marked differences were observed in peak months. In the COPD-TB group, exacer-
bations peaked in March (15.2%), whereas in the COPD-only group, the peak occurred in
November (9.6%). The proportion of March exacerbations was numerically higher among
patients with TB history, suggesting a shift in the seasonal pattern of exacerbations in this
subgroup.
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Overall seasonal distribution did not differ significantly between groups (chi-square
= 2.80; p = 0.424). However, patients with COPD-TB tended to experience a greater pro-
portion of exacerbations in spring and a lower proportion in autumn. Although explora-
tory, this pattern suggests that TB-related structural and immunologic sequelae may mod-
ify seasonal vulnerability.

The spring shift in exacerbation peak among patients with COPD and tuberculosis
may be related to several mechanisms. Spring has been linked to increased TB reactiva-
tion, potentially because of post-winter immune vulnerability, hypovitaminosis, and re-
duced solar exposure. Patients with post-TB lung disease may also have seasonally am-
plified susceptibility to respiratory infections and inflammatory destabilization.

These seasonal findings should be regarded as hypothesis-generating; they do not
establish a causal seasonal mechanism. If confirmed in prospective studies, the spring shift
might inform the timing of follow-up visits and preventive counseling (including influ-
enza and pneumococcal vaccination) in patients with COPD-TB; however, no change in
practice is warranted on the basis of these exploratory data.

3.5. Effect of Tuberculosis on Prognosis: Survival Analysis

During follow-up (2019-2025), death occurred in 44 of 267 patients with COPD and
tuberculosis (16.5%) compared with 1749 of 16,447 patients without TB (10.6%). The dif-
ference was statistically significant (x2 = 8.77; p = 0.003). The unadjusted odds ratio for
death was 1.66 (95% CI, 1.20-2.30), while the sex- and age-adjusted odds ratio was 1.61
(95% CI, 1.14-2.28; p = 0.007). Cox regression performed in 15,921 patients with available
follow-up time (total, 26,224 person-years; median follow-up, 1.6 years) confirmed that
tuberculosis remained associated with mortality after adjustment: HR =1.37 (95% CI, 1.01-
1.85; p = 0.040), adjusted for sex (HR = 2.83) and age (HR = 1.057 per year). Kaplan—-Meier
curves showed a significant separation between groups (log-rank p = 0.002). Patients were
followed from the first recorded J44 code to the date of the last recorded healthcare contact
or death; those without an observable follow-up interval (no recorded contact after cohort
entry) were excluded from the time-to-event analysis. The proportional-hazards assump-
tion was satisfied for the effect of tuberculosis (Schoenfeld residuals, p = 0.73) and sex (p =
0.44); the global test was significant owing to a non-proportional effect of age (p = 0.003),
which does not affect the interpretation of the tuberculosis hazard ratio. Cumulative sur-
vival estimates are shown in Figure 2.

Differences in survival widened over time. At 12 months, the absolute survival gap
was 2.8 percentage points (91.3% vs. 94.1%), whereas by 48 months, it had increased to
14.8 percentage points (65.3% vs. 80.1%). This pattern suggests that TB history is associ-
ated not only with short-term vulnerability but also with cumulative long-term disad-
vantage.

The age-stratified mortality analysis revealed heterogeneity in the impact of TB on
prognosis (Supplementary Table S5).

A statistically significant increase in mortality risk associated with TB was observed
in the 70-79-year age group (OR =2.34; 95% CIL, 1.36-4.02; p = 0.003). In this stratum, mor-
tality in patients with COPD-TB reached 25.7%, highlighting a particularly vulnerable
subgroup for intensified follow-up.

Mortality among men with COPD-TB was 19.4%, which was 2.5 times higher than
among women with the same comorbidity (7.6%). This difference is consistent with the
broader pattern of higher COPD mortality in men and may reflect cumulative smoking
exposure, occupational risk, and lower adherence to preventive care.
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Figure 2. Kaplan—-Meier survival curves for patients with COPD according to tuberculosis status
(log-rank p = 0.002). (A) Whole cohort; (B) stratified by age group (<60, 60-69, and >70 years); (C)
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stratified by sex (men and women). Shaded bands represent 95% confidence intervals, and the num-

bers below panel (A) indicate the patients at risk; log-rank p-values are shown within each panel.

The highest mortality was observed in patients with post-TB sequelae alone (B90;
19.3%, 38/197), intermediate in those with isolated active TB (A15-A19; 13.6%, 3/22), and
lowest in patients coded for both active TB and sequelae (6.2%, 3/48; Table 1). Given the
small size of the active-TB-only and combined subgroups, formal statistical comparison
between TB manifestations was not performed; these proportions are presented descrip-
tively. These findings suggest that chronic structural damage after TB may have greater
long-term prognostic relevance for COPD than the mere presence of recent active infection
codes.

3.6. Factors Associated with All-Cause Mortality

To determine whether tuberculosis was associated with mortality risk after adjust-
ment for measured comorbidities, we performed a multivariable analysis (Figure 3).

Factors Associated with All-Cause Mortality in Patients with COPD

Multivariable logistic regression analysis

Significant (p < 0.05)
FALSE TRUE

Male sex

Malignant neoplasm

Age =70 years

Tuberculosis

Chronic heart failure

Ischemic heart disease

Diabetes mellitus

52.4% (n - a757)

13.1% (n - 2186)

43.1% (n = 7203

1.6% (n = 267)
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Figure 3. Factors associated with all-cause mortality in patients with COPD: forest plot of adjusted

odds ratios from multivariable logistic regression (n = 16,714).

In the multivariable logistic regression model (n = 16,714) adjusted for sex, age, and
major comorbidities, tuberculosis remained associated with all-cause mortality after ad-
justment for available covariates (aOR = 1.55; 95% CI, 1.08-2.17; p = 0.013), consistent with
the Cox regression estimate (HR =1.37; 95% CI, 1.01-1.85; p = 0.040) (Table 4). The strong-
est predictors of mortality were male sex (aOR = 2.65; 95% CI, 2.37-2.97; p < 0.001), malig-
nant neoplasms (aOR = 2.44; 95% CI, 2.16-2.75; p < 0.001), and age > 70 years (aOR = 2.29;
95% CI, 2.03-2.58; p <0.001). Tuberculosis ranked fourth among adverse prognostic factors
and was comparable in magnitude to chronic heart failure (aOR = 1.28; 95% CI, 1.08-1.52;
p =0.005). In contrast, ischemic heart disease (aOR = 0.96; p = 0.451) and diabetes mellitus
(@aOR = 0.91; p = 0.213) were not independently associated with mortality once demo-
graphic factors and other comorbidities had been taken into account. The model showed
acceptable performance (McFadden pseudo-R? = 0.104; AUC = 0.742), values typical for
registry-based mortality models that do not include spirometry, smoking status, or phar-
macotherapy data.
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Table 4. Association of tuberculosis with the main outcomes in patients with COPD (COPD-TB vs.
COPD without TB).

Outcome and Model Effect Estimate (95% CI) p
All-cause mortality
Unadjusted odds ratio 1.66 (1.20-2.30) 0.003
Adjusted OR (age, sex) 1.61 (1.14-2.28) 0.007
Adjusted OR (multivariable a) 1.55 (1.08-2.17) 0.013
Cox proportional-hazards HR (age, sex) 1.37 (1.01-1.85) 0.040
At least one exacerbation
Unadjusted odds ratio 1.56 (1.14-2.12) 0.006
Adjusted OR (age, sex) 1.43 (1.05-1.96) 0.023
Adjusted OR (age, sex g)structural lung disease 1.7 (0.93-1.74) 0136
Frequent exacerbations (>2)
Unadjusted odds ratio 1.70 (1.13-2.56) 0.015
Adjusted OR (age, sex) 1.54 (1.02-2.32) 0.041

Adjusted OR (age, sex + structural lung disease

b) 1.29 (0.85-1.97) 0.234

Note. Reference: COPD without tuberculosis. Multivariable model adjusted for sex, age, and major
comorbidities; structural-lung-disease model additionally adjusted for bronchiectasis, pneumonia,

and pulmonary fibrosis. OR, odds ratio; HR, hazard ratio; CI, confidence interval.

In prognostic terms, tuberculosis occupied an intermediate position between the
strongest predictors (male sex, malignancy, advanced age) and traditional cardiovascular
risk factors. These findings support considering TB history as a nontrivial prognostic
marker in routine COPD risk stratification. Because this marker is already present in rou-
tine records, it can be incorporated into individualized mortality risk assessment at the
point of care without additional testing.

3.7. Profile of Dispensary Follow-Up in Patients with COPD and Tuberculosis

To characterize the medical follow-up of patients with COPD-TB comorbidity, we
analyzed codes reflecting specific medical monitoring, diagnostic pathways, and vaccina-
tion. TB-specific follow-up codes are summarized in Supplementary Figure S5.

Code Z03.0 (“observation for suspected tuberculosis”) was recorded in 53.2% of pa-
tients with COPD-TB, approximately 30 times more often than in patients without TB.
This indicates that more than half of the COPD-TB group had undergone TB-specific di-
agnostic surveillance at some point during follow-up (Supplementary Figure S6).

Code Z03.1 (“observation for suspected malignant neoplasm”) was recorded four
times more often in patients with tuberculosis (Supplementary Figure S6), which may re-
flect the need to differentiate residual post-TB lesions from lung cancer and other focal
pulmonary abnormalities.

Patients requiring medical certificates were significantly younger (58.5 vs. 64.7 years;
p = 0.003) (Supplementary Figure S7), likely reflecting greater social and occupational ac-
tivity in younger individuals.

The need for medical certificates was highest among patients younger than 70 years
(25-27%) and declined sharply in those aged 70 years or older (Supplementary Figure S8).
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The overall vaccination frequency in patients with COPD and tuberculosis was sig-
nificantly lower than in patients without tuberculosis (Supplementary Figure S9). This
finding is clinically important because the COPD-TB subgroup is precisely the population
in which vaccine-preventable respiratory complications may have the greatest conse-
quences. A summary of the key differences in dispensary follow-up between the groups
is presented in Supplementary Table S4. These vaccination findings should be interpreted
with caution: ICD-10 Z-codes capture only documented immunization encounters and
may not reflect true vaccine uptake or its timing relative to outcomes, so the observed
differences may partly reflect differences in coding completeness rather than actual cov-
erage.

Analysis of outpatient follow-up patterns revealed several notable features. More
than half of patients with COPD-TB had documentation of TB-specific surveillance, and
the need for expert assessment and medical certification was more common in younger
age groups. At the same time, vaccination coverage remained suboptimal, identifying a
potentially modifiable gap in care.

4. Discussion

This population-based retrospective registry study from the Voronezh Region
showed that tuberculosis and its sequelae are clinically meaningful modifiers of COPD
course and prognosis. In a cohort of 16,714 patients, tuberculosis or post-TB sequelae were
identified in 1.6%, and this subgroup had a distinct clinical profile, higher exacerbation
burden, and worse survival.

At the first stage of the analysis, cluster analysis identified five multimorbidity pro-
files of COPD: cardiovascular, cerebrovascular, hypertensive, polymorbid, and isolated
COPD [26]. From a practical standpoint, the most notable finding was the concentration
of tuberculosis in the isolated COPD cluster rather than in the polymorbid or cardiovas-
cular profiles. This suggests that TB-associated COPD may reflect, at least in part, a dis-
tinct pathway of disease development; however, tuberculosis and COPD share major risk
factors—including smoking, lower socioeconomic status and educational attainment, and
low body weight—that independently predispose to both conditions, and our registry
data cannot disentangle these shared determinants from a direct contribution of tubercu-
losis [27-29].

The relatively low mortality observed in the polymorbid cluster despite the highest
mean number of comorbidities may reflect more intensive follow-up, better treatment ad-
herence, or earlier healthcare contact in heavily monitored patients [30-34]. Because treat-
ment variables were unavailable in the registry, this interpretation remains speculative,
but it underscores that multimorbidity count alone does not fully capture prognosis.

The clinical portrait of a patient with COPD-TB in our cohort differed substantially
from that of the “typical” patient with COPD. These patients were younger, predomi-
nantly male, and less likely to have obesity, diabetes, or hypertension, yet they were far
more likely to have bronchiectasis, fibrosis, and pneumonia. This pattern supports the
concept of a structurally damaged, infection-prone COPD phenotype linked to prior TB
[24,35,36]. Several factors may contribute to this pattern. Patients with COPD-TB were
younger, and because obesity, diabetes, and hypertension become more prevalent with
age, the age difference partly explains their lower cardiometabolic burden. Tuberculosis
is also associated with low body weight and a catabolic, frequently undernourished phe-
notype, which is inversely related to obesity and type 2 diabetes. Differential health-seek-
ing and coding—with clinical attention concentrated on respiratory and infectious prob-
lems in this subgroup —together with selection effects inherent to registry data, may fur-
ther reduce the recorded prevalence of metabolic conditions. These explanations are not
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mutually exclusive and remain hypotheses that cannot be confirmed with the available
data.

Most patients in the present cohort had post-tuberculosis lung disease rather than
active TB. This distinction is clinically important because PTLD often remains underrec-
ognized after completion of anti-TB treatment, despite persistent airflow limitation, radi-
ographic abnormalities, and impaired quality of life [37,38]. Our findings suggest that
PTLD should be viewed not as a resolved historical condition but as an active determinant
of COPD prognosis.

The presence of tuberculosis or its sequelae was associated with a significant increase
in COPD exacerbations (Supplementary Figure S3). Patients with TB history were more
likely to experience at least one exacerbation, had a higher mean number of exacerbations,
and showed a tendency toward the frequent-exacerbator phenotype. These associations
remained clinically relevant after adjustment, indicating that TB is not merely a marker of
disease complexity but may contribute directly to instability of the disease course [39].

Seasonal analysis demonstrated a spring shift in exacerbation peak among patients
with COPD and TB history. This may indicate a trigger pattern different from that of clas-
sic COPD, possibly mediated by residual structural damage, altered local immunity, and
susceptibility to respiratory infections after winter [40—43]. This finding requires confir-
mation in other cohorts and should be regarded as hypothesis-generating rather than clin-
ically actionable.

Our results also demonstrated an adverse effect of tuberculosis and its sequelae on
long-term COPD prognosis [13,44—47]. Mortality was higher in the COPD-TB group, and
both Cox regression and multivariable logistic regression confirmed an independent as-
sociation between TB and death. In practical terms, this means that TB history should be
incorporated into risk stratification when planning long-term follow-up of patients with
COPD.

A noteworthy finding was the heterogeneity of mortality across TB manifestations.
Mortality was highest among patients with post-TB sequelae rather than among those
with active TB [48,49]. This may indicate that chronic structural damage and long-term
loss of pulmonary reserve have greater prognostic importance than recent infection status
alone [50-52]. It also suggests that reliance solely on active TB coding may underestimate
the true burden of TB-related respiratory vulnerability.

The study period overlapped with the COVID-19 pandemic, which may have influ-
enced both TB detection [53] and COPD outcomes [54]. Nevertheless, the observed asso-
ciations were robust and clinically coherent. Analysis of coded comorbidities also showed
that the COPD-TB subgroup had lower cardiometabolic burden but worse respiratory
structural disease, reinforcing the internal consistency of the phenotype identified.

The most practice-oriented conclusion of this study is that patients with COPD and
a history of tuberculosis should be recognized as a high-risk subgroup. These patients
may benefit from intensified follow-up, active prevention of exacerbations, structured
vaccination strategies, and, where available, more detailed functional and radiologic as-
sessment to identify PTLD-related damage.

These observations have direct implications for the personalized management of
COPD. Because a history of tuberculosis and post-tuberculosis lung changes are docu-
mented in routine records, they can serve as readily accessible markers for individualizing
care. Patients with COPD-TB may warrant a higher intensity of follow-up and shorter
intervals between scheduled visits, with proactive rather than deferred exacerbation-pre-
vention measures, including timely counseling on influenza and pneumococcal vaccina-
tion. Their distinctive, structurally damaged and infection-prone profile also argues for
closer functional and radiological monitoring and for clearer referral pathways between
pulmonology and tuberculosis services. Embedding TB-related lung history into individ-

https://doi.org/10.3390/jpm16070351


https://doi.org/10.3390/jpm16070351

J. Pers. Med. 2026, 16, 351

17 of 21

ual risk stratification would help shift COPD care from a uniform model toward a person-
alized strategy in which surveillance and prevention are matched to each patient’s risk.

Study Limitations

The findings should be interpreted in light of the limitations inherent to a retrospec-
tive registry-based study using ICD-10 codes. Misclassification of diagnoses and out-
comes is possible; microbiological verification was unavailable; and residual confounding
cannot be excluded. The database also did not allow differentiation between incident and
long-standing COPD in all cases or provide standardized radiologic characterization of
post-TB changes. Because each dated J44.0/J44.1 record was counted as an exacerbation
episode, repeated coding within a single care episode may have overestimated exacerba-
tion counts; this potential misclassification is expected to be non-differential with respect
to tuberculosis status. Several further limitations should be emphasized. COPD diagnoses
were established by treating physicians in accordance with current clinical guidelines,
which require spirometric confirmation of airflow limitation; however, the underlying
spirometry values (FEV1 and FEV1/FVC) were not available in the de-identified dataset
and could not be used for severity grading or sensitivity analyses. Important confounders
were unavailable, including smoking history and intensity, biomass exposure, body mass
index, pulmonary-function parameters (FEV1 and FVC, which are especially relevant in
the TB group), pharmacological treatment, pulmonary rehabilitation, and socioeconomic
status. Because smoking and low body weight are strongly associated with both tubercu-
losis and COPD outcomes, residual confounding is likely, and causal interpretation
should remain cautious; accordingly, associations are reported as adjusted for available
covariates rather than as proof of independent causation. The COPD-TB subgroup was
relatively small (n =267), limiting statistical power and the stability of subgroup estimates,
and the median follow-up was short for two chronic, progressive diseases, so longer-term
differences may be underestimated. Finally, combining active tuberculosis and post-tu-
berculosis sequelae into a single category increased statistical power but is clinically het-
erogeneous; the prognostic signal was driven mainly by post-tuberculosis lung disease,
and active and chronic post-TB disease should not be assumed to carry equivalent prog-
nostic weight.

5. Conclusions

Tuberculosis, and especially post-tuberculosis lung disease, is associated with a dis-
tinct COPD phenotype characterized by younger age, male predominance, lower cardi-
ometabolic burden, more frequent bronchiectasis and fibrosis, higher exacerbation bur-
den, and worse survival. Tuberculosis remained associated with mortality after adjust-
ment for available covariates, whereas its association with COPD exacerbations was
largely mediated by post-tuberculosis structural lung disease. These findings support in-
clusion of TB history in COPD risk stratification and highlight the need for closer longitu-
dinal follow-up of patients with COPD-TB. More broadly, a TB-related lung history
should be considered a clinically accessible marker for risk stratification in personalized
COPD management: because it is readily available from routine records and identifies
patients with a distinct prognosis, it can be used to individualize follow-up intensity,
monitoring, and exacerbation-prevention strategies.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/jpm16070351/s1, Figure S1: Age and sex distribution of pa-
tients with COPD; Figure S2: Incidence rate of active tuberculosis (A15-A19) among patients with
COPD by year of observation; Figure S3: Distribution of patients by number of COPD exacerbations
according to tuberculosis status; Figure S4: Monthly distribution of COPD exacerbations in patients

https://doi.org/10.3390/jpm16070351


https://doi.org/10.3390/jpm16070351

J. Pers. Med. 2026, 16, 351 18 of 21

with and without tuberculosis; Figure S5: Frequency of tuberculosis-specific follow-up codes (Z03.0)
according to tuberculosis status; Figure S6: Frequency of diagnostic observation codes (Z03.1, Z03.8)
according to tuberculosis status; Figure S7: Demographic and clinical characteristics of patients re-
quiring a medical certificate (Z02.7); Figure S8: Need for medical certificates (Z02.7) by age group;
Figure S9: Vaccination coverage according to tuberculosis status; Table S1: Frequency of comorbid
conditions in the overall COPD cohort; Table S2: Multimorbidity profiles identified by K-means
clustering, and the distribution of tuberculosis; Table S3: Vaccination frequency according to tuber-
culosis status; Table S4: Summary profile of dispensary follow-up according to tuberculosis status;

Table S5: Stratified analysis of all-cause mortality according to tuberculosis status.
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