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Background: Tuberculosis and chronic obstructive pulmonary disease (COPD) are significant public health challenges, with
pulmonary tuberculosis recognized as a pivotal risk factor for the development of COPD. Tuberculosis-associated COPD is increas-
ingly recognized as a distinct phenotype of COPD that potentially exhibits unique clinical features. A thorough understanding of the
precise definition, clinical manifestations, prognosis, and most effective pharmacological strategies for tuberculosis-associated COPD
warrants further investigation.

Methods: This prospective, observational cohort study aims to enroll over 135 patients with tuberculosis-associated COPD and 405
patients with non-tuberculosis-associated COPD, across seven tertiary hospitals in mainland China. The diagnosis of tuberculosis-
associated COPD will be established based on the following criteria: (1) history of pulmonary tuberculosis with standard antitubercu-
losis treatment; (2) suspected pulmonary tuberculosis with radiological evidence indicative of tuberculosis sequelae; (3) no definitive
history of pulmonary tuberculosis but with positive interferon-gamma release assay results and radiological signs suggestive of
tuberculosis. At baseline, demographic information, medical history, respiratory questionnaires, complete blood count, interferon-
gamma release assays, medications, spirometry, and chest computed tomography (CT) scans will be recorded. Participants will be
followed for one year, with evaluations at six-month intervals to track the longitudinal changes in symptoms, treatment, lung function,
and frequencies of COPD exacerbations and hospitalizations. At the final outpatient visit, additional assessments will include chest CT
scans and total medical costs incurred.

Discussion: The findings of this study are expected to delineate the specific characteristics of tuberculosis-associated COPD and may
propose potential treatment options for this particular phenotype, potentially leading to improved clinical management and patient
outcomes.
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Introduction

Chronic obstructive pulmonary disease (COPD), characterized by chronic respiratory symptoms and persistent airflow
limitation,' is the third leading cause of death worldwide and results in approximately 3.3 million deaths annually, which
imposes a substantial health and economic burden worldwide, especially in developing countries.>* Pulmonary tubercu-
losis, another global health problem,” has been confirmed as an important risk factor for COPD development in numerous
studies, increasing the risk of COPD by 3 to 4 fold.>® Pooled prevalence of COPD is 21% among people with a history
of pulmonary tuberculosis, which is similar to the result of a study conducted in China.>’ Despite the decreasing trend of
incidence of tuberculosis, China still accounts for 7.4% of global tuberculosis incidence in 2021, ranking behind India
and Indonesia.® Tuberculosis participates in the development of COPD through distinctive pathophysiological mechan-
isms compared to smoking-related COPD, characterized as excessive inflammation and elevated expression of lung
matrix-degrading proteases, and this specific phenotype has been thereby named as “tuberculosis-associated COPD”,
accounting for 6.9% to 16% of COPD population.®*"

Although this concept had been raised by Allwood et al as early as in 2014, few studies focused on clinical and prognostic
characteristics of tuberculosis-associated COPD and several relevant problems need to be addressed:'? (1) Precise definition
of tuberculosis-associated COPD. The initial definition of “tuberculosis-associated COPD” was proposed at the 1%
International Post-Tuberculosis Symposium, which was defined as presence of airway obstruction (FEV/FVC ratio <0.7 or
LLN) thought to be primarily related to small airway disease, on the basis of meeting the diagnosis of post-tuberculosis lung
disease. However, this definition had not been fully discussed, and high-quality clinical evidence to support it was still
lacking."? Additionally, pulmonary tuberculosis can be a potential comorbidity of COPD, for increased risk induced by

tobacco smoking or biomass smoke inhalation, making the causal relation complicated to clarify."'*

(2) Unclear interaction
between tuberculosis and other risk factors in the course of COPD. In addition to tuberculosis, other risk factors for COPD
may be concomitant and the relation between tuberculosis and these factors seems to be unclear within non-smokers.®'" (3)
The relevant predictors of morbidity and mortality among patients with tuberculosis-associated COPD need to be further
explored. Previous studies have reported that COPD patients with prior tuberculosis were younger and experienced more acute
exacerbations and hospitalizations during follow-up, indicating a worse prognosis than those without a history of
tuberculosis.'>'® Another study conducted in Korea found that the levels of serum inflammatory biomarkers such as
C-reactive protein (CRP) and interleukin (IL)-6 were elevated in tuberculosis-associated COPD, which would be susceptible
to cardiovascular diseases.'’"'? Nevertheless, evidence regarding the prognostic features of this condition was still limited. (4)
Lack of evidence regarding pharmacological interventions and disease management. An early study found that COPD patients
with a history of tuberculosis were featured by higher airflow resistance and lower response to bronchodilators.”’ Moreover,
administration of inhaled corticosteroids (ICS) may increase the risk of tuberculosis recurrence.?'*** Therefore, determining
which patients would benefit from bronchodilators and ICS and avoiding relevant adverse effects is of clinical significance.

In this study, we aim to investigate the clinical characteristics and prognostic predictors, explore plausible therapeutic
regimens, and promote precise diagnosis and treatment of tuberculosis-associated COPD in a well-defined COPD cohort.

Materials and Methods
Study Design and Objective

We design to conduct a nationwide, multicenter, prospective, observational cohort study enrolling consecutive tubercu-
losis-associated COPD patients (study group) and non-tuberculosis-associated COPD patients (control group) across
mainland China, in which seven tertiary hospitals will participate (Table 1). The study is planned to be initiated in
January 2024 and will last for two years. We intend to recruit patients in these hospitals during the first year and follow-
up all participants for one other year by scheduled outpatient visits. The geographical distribution of these hospitals is
shown in Figure 1, indicating regional representativeness.

Comprehensive baseline data will be collected from the initiation of the study, including demographics, medical
history (related to COPD and pulmonary tuberculosis), risk factors for COPD, comorbidities, medication administration,
blood routine examination, results of interferon gamma release assays (IGRAs), lung function tests, and chest computed
tomography (CT). Patients will be followed-up at an interval of 6 months (within a 15-days variance) in the respective
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Table | Participating Affiliations and Respective Responsibility

No. Participating Affiliation Allocated Responsibility

| (Leading Peking University Third Hospital Study design, project conduction, patient enroliment and

affiliation) follow-up, data collection

2 Peking University Shougang Hospital Patient enrollment and follow-up, data collection

3 The First Affiliated Hospital of Guangzhou Medical University Patient enrollment and follow-up, data collection
(Guangzhou Institute of Respiratory Diseases)

4 The First Hospital of China Medical University Patient enrollment and follow-up, data collection

5 West China Hospital of Sichuan University Patient enrollment and follow-up, data collection

6 Shanxi Bethune Hospital Patient enrollment and follow-up, data collection

7 Tibet Autonomous Region People’s Hospital Patient enrollment and follow-up, data collection

hospitals. Health conditions, respiratory symptoms, exacerbation history, blood routine examination, lung function, chest
CT, and relevant cost of COPD will be reassessed. The flowchart of the study is presented in Figure 2.
Main objectives of this study are about the following aspects:

1. Elucidate the clinical characteristics, progression and prognosis of tuberculosis-associated COPD.

2. Evaluate the relationship between different drug regimens and the prognosis of tuberculosis-associated COPD, as
well as recurrence or deterioration of pulmonary tuberculosis, serving as personalized medical management.

3. Optimize the definition of tuberculosis-associated COPD.

Participants and Inclusion and Exclusion Criteria

Individuals with stable COPD are eligible. The inclusion criteria of this study are as follows: (1) patients who have dyspnea,
chronic cough, or sputum production, and have definite airflow limitation with a post-bronchodilator forced expiratory volume
in 1 second (FEV,)/forced vital capacity (FVC) <0.7; (2) in stable condition; and (3) aged 35 years or older.

(Shanxi province)
Shanxi Bethune Hospital

” (Liaoning province)
The First Hospital of China Medical University

v (Beijing)
Peking University Third Hospital (leading affiliation)
Peking University Shougang Hospital

(Tibet)
Tibet Autonomous Region People’s Hospital (Guangdong province)
(Sichuan province) The First Affiliated Hospital of

West China Hospital of Sichuan University ' Guangzhou Medical University

Figure | Geographical distribution of seven participating tertiary health centers in the mainland of China. There are two hospitals located in Beijing. Peking University Third
Hospital is the leading affiliation.
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Stable COPD patientsaged | == ———————
35 years or older

Exclusion criteria
. bronchiectasis, asthma or any other obstructive pulmonary diseases
. pneumonia or active tuberculosis
. severe hepatic or renal insufficiency
. lung cancer or other advanced malignancies
. acquired immune deficiency due to HIV or chemotherapy
. severe trauma, surgery or stress status within the last month
. severe cognitive dysfunction
. unwilling to provide informed consent

ONOOOAWN =

January, 2024-

" " - - December, 2024
Tuberculosis-associated COPD Non-tuberculosis-associated COPD
1. previously definite pulmonary no medical history or radiological
tuberculosis and standard therapy; evidence of pulmonary tuberculosis

2. previously suspected pulmonary
tuberculosis and typical radiological
findings;

3. positive results of IGRAs and
typical radiological findings

Baseline data collection
1. demographic data 5. blood routine examination
2. medical history 6. IGRAs
3. therapeutic regimens 7. lung function
4. respiratory symptom 8. chest CT

Scheduled follow-up
-The first outpatient visit (6 months after enrollment)
-The second outpatient visit (12 months after enroliment) January, 2025-

December, 2025

1 Unscheduled consultation |
: Any consultation when respiratory symptoms k=== === = === - -~
1 getting worse

Primary outcome
frequency of moderate/severe acute exacerbation of COPD
during the follow-up of 12 months
Second outcomes
1. alteration of CAT, mMMRC and SGRQ-C
2. decline of pulmonary function
3. annual frequency of acute exacerbation of COPD
4. frequency of hospitalization due to acute exacerbation
5. total expenditure associated with COPD

Figure 2 Flow chart of this cohort study.
Abbreviations: HIV, human immunodeficiency virus; IGRAs, interferon gamma release assays; CT, computed tomography; CAT, COPD Assessment Test; mMRC, modified
Medical Research Council dyspnea scale; SGRQ-C, St. George’s Respiratory Questionnaire for COPD patients.

The exclusion criteria are as follows: (1) bronchiectasis, asthma, or any other obstructive pulmonary diseases; (2)
pneumonia or active tuberculosis; (3) severe hepatic or renal insufficiency; (4) lung cancer or other advanced malig-
nancies; (5) acquired immune deficiency due to HIV infection or chemotherapy; (6) severe trauma, operation or stress
status in the past month; (7) severe cognitive dysfunction; and (8) unwilling to provide informed consent.

Diagnosis of tuberculosis-associated COPD is made in our study if any of the following criteria is met: (1) previously
definite pulmonary tuberculosis and ever receiving standard antituberculosis therapy; (2) previously suspected pulmonary
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tuberculosis and having typical radiological findings consistent with tuberculosis sequelae, including calcification
(isolated or multiple), fibrotic lesions (sharp margin), dense nodules, cavitation, or pleural scarring at the common site
of tuberculosis; and (3) no definite history of pulmonary tuberculosis but having positive results of IGRAs accompanied
by typical radiological findings consistent with tuberculosis sequelae. Patients in whom neither medical history nor chest
CT indicates evidence of pulmonary tuberculosis are diagnosed as non-tuberculosis-associated COPD. All patients
meeting the inclusion and exclusion criteria will be enrolled in the outpatient of each center and divided into
tuberculosis-associated or non-tuberculosis-associated COPD based on the above criteria.

Baseline Data Collection

Demographic Data

Age, gender, ethnicity, height, weight, residential address, education level, and annual household income will be
collected. Residential address is divided into urban or rural. Education level includes “primary school or less”, “middle
and high school” as well as “college and higher”. Annual household income is stratified into four levels: <¥50,000,
¥50,000-10,000, ¥100,000-200000 and >¥200,000.

Medical History
Medical history includes smoking status (current smoker, former smoker or never-smoker), smoking index (pack-year),
pulmonary tuberculosis history (when pulmonary tuberculosis was diagnosed, antituberculosis regimens and course), when
COPD was diagnosed, other risk factors of COPD (including biomass fuel and air pollution exposure, early life events and
childhood respiratory infection), comorbidities related to COPD (including hypertension, heart failure, arrhythmia, ischemic
heart disease, diabetes, anemia, or polycythemia), and the frequency of exacerbation in the past 12 months.

Former smokers are defined as people who have smoked 100 cigarettes in their life and ceased smoking. Biomass fuels
contain woody fuels and animal waste used for cooking or heating during the past six months or longer.”* An exacerbation of
COPD is defined as an event characterized by increased dyspnea and/or cough and sputum that worsens in <14 days.'

Therapeutic Regimens
The drug types administered for COPD are recorded, including short-acting 3, agonists (SABA), short-acting muscarinic
antagonists (SAMA), long-acting B, agonists (LABA), long-acting muscarinic antagonists (LAMA), SABA+SAMA,
LABA+LAMA, methylxanthines, ICS, LABA+ICS, LABA+LAMA+ICS, theophylline and acetylcysteine. The drug
names are also recorded.

Respiratory Symptoms

The COPD Assessment Test (CAT) score,”* the modified Medical Research Council (mMRC) dyspnea scale,”> and St
George’s Respiratory Questionnaire for COPD patients (SGRQ-C) will be used to comprehensively evaluate respiratory
symptoms of the patients comprehensively.”®

Blood Routine Examination

Blood routine examination will be performed at the clinical laboratory of the respective hospital. Counts of white blood
cells, red blood cells, eosinophils, neutrophils, platelets, percentage of eosinophils and neutrophils, hemoglobin, and
hematocrit are collected.

IGRAs

Peripheral venous blood samples (SmL) are obtained from each participant. QuantiFERON-TB Gold Plus (QFT-Plus,
Cellestis, Australia) is used for detecting the tuberculosis infection using the following procedure: i) ImL of blood is
added into four tubes and incubated with ESAT-6 (specific antigen), CFP-10 (specific antigen), negative control, and
mitogen (positive control) at 37°C for 16-24 hours, respectively; ii) the sample is centrifuged at 2000-3000 RCF for
15 minutes and plasma is extracted; and iii) then ELISA is used to measure the concentration of y-interferon (y-IFN).
Result is interpreted as “positive” if either TB1-nil or TB2-nil y-IFN level >0.35 TU/mL and >25% of nil value;
“negative” if both TB1-nil and TB2-nil y-IFN levels <0.35 IU/mL or <25% of nil value.
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Lung Function

Standard pre-bronchodilator and post-bronchodilator (400 pg of salbutamol) spirometry are performed according to
current ATS/ERS recommendations.?” The percentage of predicted values for forced expiratory volume in one second
(FEV)) and forced vital capacity (FVC) will be calculated by using a reference equation of Chinese people. FEV, FEV,
%predicted, FVC, FVC %predicted, FEV/FVC, residual volume (RV), total lung capacity (TLC) and diffusing capacity
for carbon monoxide (DLCO) are collected for evaluation of pulmonary ventilation and diffusion function.

Chest CT

Chest CT examinations and reports will be performed separately by two experienced radiologists from each participating
affiliation. Radiographs are assessed for tuberculosis sequelae, emphysema, and bronchiectasis. Radiological findings of
tuberculosis sequelae include calcification (isolated or multiple), fibrotic lesions (sharp margins), dense nodules, cavita-
tion, or pleural scarring in common site of tuberculosis, as previously mentioned.

Goddard score is used for evaluating the severity of emphysema on pulmonary images by dividing the entire lung
field into three areas: the upper, middle and the lower, with a total of six areas for both sides. The severity of emphysema
is assessed in each area with a score ranging from 0 to 4 points and Goddard score values of six areas are summed up
with a maximum score of 24.2*2° Bronchiectasis is considered present if abnormal dilation of bronchi with the ratio of
the diameter of bronchus to that of the accompanying pulmonary artery being >1.1 or the lack of tapering of bronchi are
shown in chest CT.*® Smith score and Bhalla score are used for estimating the extent and severity of bronchiectasis,

respectively.®'*?

Follow-Up and Outcomes

As a dynamic cohort, all participants will be prospectively followed up for at least one year from enrollment until
December 2025. Outpatient visits will be arranged at an interval of 6 months (within a variance of 15-days) for disease
and quality of life evaluations. Alteration of respiratory symptom, lung function and blood routine examination,
therapeutic regimen, frequency of exacerbation and hospitalization, as well as recurrence of pulmonary tuberculosis
will be collected. Chest CT will be reevaluated and the cost related to COPD will be summed up in the second outpatient
visit. Besides scheduled visit, patients can consult their physicians whenever their symptoms worsen as a supplement to
reduce recalling bias. Reasons for patient attrition are also recorded. Detailed procedures are shown in Table 2.

Table 2 Baseline Data Collection and Follow-Up Assessment

Baseline Follow-Up

After 6 Months | After 12 Months

&

Demographic data

Risk factors of COPD

Medical history of COPD
Comorbidity related to COPD

B ER

Respiratory symptoms®
Frequency of exacerbation in the past | year

Blood routine examination
IGRAs

Therapeutic regimens
Lung function
Chest CT
Frequency and severity of exacerbation®
Frequency of hospitalization due to COPD exacerbation®

]

Specific medical expenditure

Notes: *Respiratory symptoms are assessed using the CAT score, mMRC dyspnea scale and SGRQ-C score. "Besides scheduled visit,
patients are encouraged to consult the physicians and report their condition to the researchers, whenever their symptoms worsen.
Abbreviations: IGRAs, interferon gamma release assays; CT, computed tomography; CAT, COPD Assessment Test; mMRC, modified
Medical Research Council dyspnea scale; SGRQ-C, St George’s Respiratory Questionnaire for COPD patients.

2102  rees International Journal of Chronic Obstructive Pulmonary Disease 2024:19
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove Jiang et al

Primary outcome of this study is the frequency of moderate/severe acute exacerbation of COPD over a follow-up
period of 12 months. Exacerbations of COPD are classified as mild if patients are treated with short acting bronchodi-
lators only, as moderate if patients are treated with short acting bronchodilators plus antibiotics or oral corticosteroids,
and as severe if hospitalization or emergency room admission is required.'

The secondary outcomes include alteration of CAT score, mMRC dyspnea scale and SGRQ-C score, decline of
pulmonary function, the frequency of acute exacerbation of COPD and hospitalization due to COPD exacerbation during
the follow-up period, total expenditure associated with COPD within one year in follow-up and recurrence of pulmonary
tuberculosis. Total expenditure is the summation of each medical expense, related to therapeutic regimen, ventilator
support in hospital, long-term oxygen therapy and respirology rehabilitation training. Recurrence of pulmonary tubercu-
losis is defined as positive sputum acid-fast bacillus (AFB) and culture or active tuberculosis lesions on CT imaging.

Sample Size Estimation

This study plans to recruit participants by consecutive enrollment and registration from January 2024 to December 2024.
Sample size estimation is based on the primary outcome variable of the frequency of moderate/severe acute exacerba-
tions during follow-up, and an unpaired two-sided ¢-test will be used. With regard to participants who are followed up for
more than 12 months, their annual frequency of moderate/severe acute exacerbation is calculated by dividing documen-
ted frequency over time. In view of the fluctuant frequency of exacerbation among different regions, data from other
studies may have restricted significance for sample size estimation in specific districts.>® The presumed annual frequency
of exacerbation of tuberculosis-associated COPD patients is 0.85 £+ 0.79 per year according to the medical history of
COPD patients with prior pulmonary tuberculosis, and the presumed annual frequency of exacerbation of non-
tuberculosis-associated COPD patients is 0.59 + 0.65 per year. Assigning the non-tuberculosis-associated COPD group
a three-times sample size and allowing for 10% attrition, we conservatively estimate that a minimum sample size of 135
patients allocated to tuberculosis-associated COPD group and 405 patients allocated to non-tuberculosis-associated
COPD group will give 90% power and a significance level of 5%.

Statistics

Data will be analyzed using SPSS, version 26.0 (IBM Corp., Armonk, N.Y., USA). For descriptive statistics of baseline
clinical data, normality of continuous variables (including age, BMI, frequency of acute exacerbation of COPD in the
past 1 year, blood routine examination measurements, lung function measurements and chest CT-related scores) are
tested using Kolmogorov—Smirnov test and quantile-quantile plot (QQ plot). Continuous variables with normal distribu-
tion are recorded as mean =+ standard deviation (SD) and unpaired #-test is administered for difference evaluation; while
those not following a normal distribution are recorded as median together with interquartile range, and Mann—Whitney
test is administered for difference evaluation. Categorical variables (gender, education level, household income, risk
factors of COPD, comorbidity, therapeutic regimens and GOLD stage) are recorded as numbers (%) and Chi-square test
is used. P-value <0.05 is considered statistically significant.

All outcomes except recurrence of pulmonary tuberculosis are processed as continuous variables. For statistical tests of
continuous outcome variables, unpaired #-test is administered for those with normal distribution, and Mann—Whitney test is
administered for those not following normal distribution. Linear regression will be used for exploring independent risk factors
related to continuous outcome variables. Logistic regression will be used for analyzing the independent factor associated with
recurrence of pulmonary tuberculosis by controlling underlying confounders. Clustering analysis will be used for refining
potential tuberculosis-associated COPD patients who accord with nature medical course of tuberculosis sequelae.

Quality Control, Data Management and Monitoring

With access to the exclusive data management platform constructed by Peking University Third Hospital based on
REDCap, we utilize the electronic medical records and database for information entry, which will be accomplished by
leading affiliation together with each collaborative institution. All private information that may indicate the personal
identity will be concealed by a unique coded ID. Managers who are appointed will manually verify the data entered and
check the logic of the data at regular intervals.
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Discussion

This is a nationwide, multicenter, prospective, observational cohort study, which will be conducted among 7 tertiary
hospitals across mainland China. The baseline clinical characteristics, including respiratory symptom burden, lung
function measurements and radiological features, will be described and compared between the subjects with tuberculosis-
associated COPD and non-tuberculosis-associated COPD. All eligible subjects will be followed up for one year. During
the follow-up period, the frequency of COPD exacerbation, as well as dynamic changes of respiratory symptoms, lung
function, and chest radiological features will be evaluated. Our study will provide a more detailed profile of tuberculosis-
associated COPD and propose potential treatment options for this special phenotype.

Both tuberculosis and COPD are major public health problems, especially in developing countries. Meanwhile,
tuberculosis is an important risk factor for COPD, which has been confirmed by several observational studies as well as
meta-analysis.” "% Previous studies have generally concentrated on the relationship between tuberculosis and COPD,
while few have attached attention to this phenotype per se, indicating that more clinical studies regarding disease
characteristics, evolution, prognosis, and even the definition of this phenotype are warranted. In addition to the definition
of tuberculosis-associated COPD proposed on the 1% International Post-Tuberculosis Symposium, diverse definitions
applied in previous studies indicate that classical radiological TB sequel findings play an important role in diagnosing
and categorizing.'®?°2>37 Nevertheless, whether these definitions can accurately describe or reflect the essence of
tuberculosis-associated COPD still requires further researches. Our study puts forward an innovative diagnosis criterion
of tuberculosis-associated COPD, which integrates the medical history of pulmonary tuberculosis, IGRAs results, and
chest CT radiological signs, and may embody improved sensitivity and specificity.

COPD exacerbations are important events in the management of COPD for accelerating the deterioration of health status,
causing frequent hospitalization and readmission and increasing the risk of mortality." A retrospective study conducted in
Korea found that COPD patients with a history of tuberculosis had higher exacerbation prevalence, compared to those without
prior tuberculosis history.*® Another prospective study with a small sample size found that patients with post-Tuberculosis
Obstructive Airway Disease (Post-TB OAD) experienced more severe exacerbation and frequency of hospitalization than
those patients with “classic” COPD, during 12 months follow-up.'> However, the evidences regarding disease exacerbation
and relevant clinical outcomes in patients with tuberculosis-associated COPD are still limited. Heterogeneity among studies
was noticeable, including the study design, region, participants and endpoint of observation. In addition, the patterns of lung
function among patients with tuberculosis-associated COPD also had heterogeneity, and the response to bronchodilators was
different.>>° Therefore, the risk factors and characteristics for disease exacerbation in this population will be significantly
different from those without tuberculosis, and our study may address this issue.

The mechanism underlying tuberculosis-associated COPD is distinctive from smoking-related COPD. Previous
studies revealed that submucosal tuberculosis and nonspecific inflammation, as well as bronchiectasis lesions, were
frequently seen in patients with tuberculosis.*® Lymph node involvement in primary infection syndrome could result in
bronchial obstruction and dilation.*' In addition, the destruction of lung parenchyma after pulmonary tuberculosis could
affect lung compliance and cause the collapse of peripheral small airways, which in turn led to the occurrence of air
trapping and emphysema.*? Therefore, the clinical features and chest imaging findings in patients with tuberculosis-
associated COPD were distinctive. Our previous study found that COPD patients with prior tuberculosis had unique
features of emphysema and more bronchiectasis, which was consistent with previous studies.'>**** Air trapping due to
small airway obstruction was more often in tuberculosis-associated COPD in expiration CT scan, compared to those with
smoking-related COPD.** Patients with tuberculosis-associated COPD had an increased decline in forced expiration
volume in 1 second than those without prior tuberculosis.*® In this prospective study, we will also investigate the clinical
features including respiratory symptoms, quality of life, and the dynamic changes of spirometry function and chest
imaging findings, in order to better understand this disease phenotype.

Long-acting bronchodilators are the foundation medications for patients with COPD, while inhaled glucocorticoids
are conditionally recommended for certain patients, who have concomitant asthma, a blood eosinophil count >300/uL or
experiences moderate exacerbation >2, or severe exacerbation requiring hospitalization >1." However, there is a lack of
evidence regarding the effect of bronchodilators in tuberculosis-associated COPD. The efficacy of bronchodilators in this
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group of patients is still worth exploring. How to determine the “treatable traits” of patients with tuberculosis-associated
COPD is of clinical significance. In addition, inhaled glucocorticoids may increase the risk of tuberculosis recurrence and
thereby are not recommended in patients with prior tuberculosis history. However, for those patients with tuberculosis-
associated COPD concomitant with asthma-like manifestations or high eosinophil counts in blood or sputum, whether
they can benefit from inhaled glucocorticoids also requires further researches.

Another prominent strength of this study is that participants are recruited from seven tertiary hospitals located in six
provinces across mainland China. Economic level and medication accessibility have an intense influence on tuberculosis
prevalence and COPD treatment compliance, and this multicenter study will help to make the results more representative.
With the application of more plausible screening criteria, it is expected that more insights into the clinical significance
will be disclosed, in terms of the characteristics of tuberculosis-associated COPD.

This study has some limitations. Firstly, although the criteria we propose are comprehensive, their sensitivity and
specificity still need to be verified for the lack of “gold standard”. Secondly, we choose the annual moderate/severe
exacerbation as primary outcome, while comorbidity as well as long-term outcome will not be evaluated in this study,
which both have an influence on the life quality of COPD patients.

Abbreviations

COPD, chronic obstructive pulmonary disease; CT, computed tomography; CAT, COPD Assessment Test; CRP,
C-reactive protein; DLCO, diffusing capacity for carbon monoxide; ELISA, enzyme-linked immunosorbent assay;
FEV,, forced expiratory volume in one second; FVC, forced vital capacity; y-IFN, y-interferon; ICS, inhaled corticoster-
oids; IGRAs, interferon gamma release assays; IL, Interleukin; LABA, long-acting B, agonists; LAMA, long-acting
muscarinic antagonists; mMRC, the modified Medical Research Council dyspnea scale; RV, residual volume; SABA,
short-acting 3, agonists; SAMA, short-acting muscarinic antagonists; SGRQ-C, St. George’s Respiratory Questionnaire
for COPD patients; TLC, total lung capacity.
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