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Purpose: Patients with chronic obstructive pulmonary disease (COPD) with a history of frequent exacerbations have a high disease
burden and poor progression, demanding optimized management. This study aimed to evaluate the real-world clinical situation,
adherence to Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommendations, and the associated factors.
Patients and Methods: We conducted a cross-sectional analysis of baseline data from the national multi-center Quality Improvement
Program, which enrolled 1055 COPD patients with a high exacerbation risk from 40 hospitals across five geographic regions in China
(NCT05638646). Patient characteristics, disease burden, management patterns and the associated factors were analyzed.

Results: The study population had a mean age of 66.2 years, and 85.6% were male. Most patients had substantial disease burden, with
43.3% classified as GOLD stages 3—4 and 93.6% categorized into GOLD group E. In previous 12 months, 39.0% and 67.2% of these
patients experienced at least one moderate or severe exacerbation, respectively. Overall, 75.1% received maintenance therapy using
long-acting bronchodilators, but only 17.7% were receiving maintenance therapy consistent with the GOLD recommendations for
initial treatment. Among patients receiving inhaled therapy, 70.9% initiated maintenance therapy within one month after diagnosis,
whereas the self-reported good compliance was only 47.3%. Despite most patients received inhalation technique checks and education,
only 61.9% can use the inhalation device appropriately, as evaluated by research team. Hospital level, hospital region, availability of
blood eosinophil counts, and disease severity were significantly associated with the management patterns.

Conclusion: COPD patients with a high exacerbation risk in China had a substantial disease burden and important gaps between real-
world management patterns and GOLD recommendations. These findings suggest opportunities to improve guideline implementation,
particularly in secondary and county-based hospitals. Future studies should evaluate whether targeted quality improvement interven-
tions can improve patient outcomes.

Trial Registration Number: NCT05638646.
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Introduction

Chronic obstructive pulmonary disease (COPD) has become the most common chronic respiratory disease in China, affecting
13.7% of adults aged 40 years or older.' Patients with a history of acute exacerbations (AECOPD) have poorer clinical
outcomes, including a higher risk of future exacerbations, accelerated lung function decline, a higher incidence of cardiovas-
cular events, and elevated mortality.> > Previous studies indicated that up to 50% of COPD patients had a characteristic of
frequent AECOPD.®? Since the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2023 report, these patients
are classified as group E, and the recommended initial inhaled therapy is either dual long-acting bronchodilators [long-acting
B2-agonist (LABA) plus long-acting muscarinic antagonist (LAMA), LABA+LAMA] or triple therapy [LABA + LAMA
combined with inhaled corticosteroid (ICS)], with a de-emphasis on the use of LABA+ICS as initial treatment option.'’

In China’s tiered healthcare system, specialized clinical expertise and advanced facilities are disproportionately concentrated
in the tertiary hospitals.'" Consequently, patients managed at secondary hospitals differ from those at tertiary centers in resource
availability, healthcare access, and disease awareness. These disparities may contribute to the poor guideline adherence that
hinders effective COPD management in China.'? A nationwide community-based survey in China indicated that less than 10% of
COPD patients received any maintenance pharmacological treatment at stable stage.'* Inadequate medication treatments were
also observed among COPD patients in outpatient clinics compared with GOLD recommendation.'* !’ Beyond pharmacological
gaps, the implementation of non-pharmaceutical treatment is an essential yet frequently overlooked component of COPD care.'®
A recent study showed that comprehensive self-management interventions, such as patient education and pulmonary rehab, can
improve quality of life and reduce exacerbations.'’

However, previous COPD studies in China (eg., the REAL study) were derived from the stable COPD population, and
studies specifically focusing on patients with high AECOPD are scarce.” There remains a significant research gap in
establishing how current clinical practice aligns with GOLD recommendations for high-risk patients across China’s healthcare
system. Filling this gap is essential to characterize real-world management and to inform targeted quality improvement
strategies aimed at improving patient outcomes.

In this study, we aimed to characterize the real-world management of patients at high risk of AECOPD and to identify
specific deficiencies in care using baseline data from a national multi-center Quality Improvement Program (QIP).

Material and Methods

Study Design

The QIP study is a multi-center, prospective, cluster-randomized controlled study aimed at evaluating the effectiveness of
implementing GOLD recommendations in the management of patients with COPD and AECOPD (Supplementary Figure 1).%

The present analysis is a cross-sectional study utilizing the baseline data of this ongoing longitudinal cohort to characterize
current management patterns before intervention.

The study protocol was registered on the Clinical Trial website (NCT05638646). This study was conducted in compliance
with the International Conference on Harmonization Good Clinical Practice guidelines, Declaration of Helsinki, and all relevant
local regulations. Ethical approval was obtained from the Ethics Committee of Shenzhen People’s Hospital (SYL-202165-02)
and all participating centers. Written informed consent was obtained from all participants prior to screening.

Study Participants
The patients in this study were recruited from 40 hospitals (20 secondary and 20 tertiary) across five geographic regions in China
(Supplementary Figure 2 and Supplementary Table 1). The cases were selected in a time order of up to 27 at each site based on the

sample size estimation for the interventional phase of this study. Therefore, the baseline data of the patients in this study might
represent the current status of the management of COPD patients with a high AECOPD risk in China. Key inclusion criteria
were: (1) 40-80 years old; (2) diagnosis of COPD (post-bronchodilator FEV/FVC <0.7); (3) FEV% predicted > 25%; (4) CAT
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> 10; (5) with exacerbation history: at least two moderate or 1 severe exacerbation in the previous year, or one moderate
exacerbation in the previous year with FEV| <50% predicted value at baseline; (6) ability to sign the informed consent form. Key
exclusion criteria during the screening period/enrollment were as follows: (1) the main diagnosis of asthma, lung cancer, or other
major respiratory diseases; (2) a history of lung surgery; (3) serious and uncontrollable diseases that may interfere with the study
or affect the safety of the subjects; (4) any cancer diagnosis within the past 5 years; (5) requiring long-term home oxygen therapy
or ventilatory support; (6) already receiving inhaled triple therapy regularly for more than half of the time in the last 3 months; (7)
AECOPD requiring hospitalization and/or antibiotic administration and glucocorticoid administration within 4 weeks; and (8)
currently involved in any other interventional studies or clinical trials.

Data Collection and Indicator Definition

All baseline data were prospectively recorded in a case report form according to the protocol. A history of AECOPD
over the past 12 months was recorded. Moderate exacerbation was defined as the use of systemic corticosteroids and/
or antibiotics for at least three days, and severe exacerbation was defined as COPD-related hospitalization or
emergency treatment. Patient’s severity of flow limitation was classified into grade 1-4 by post-bronchodilator
FEV,% predicted, consistent with GOLD guidelines. Classification into groups B and E was based on exacerbation
history.?!

Taking the GOLD report recommendation as the reference standard, the initial maintenance medication therapy with
LABA + LAMA was considered appropriate for patients in groups B and E with eosinophil counts <300 cells/uL, and
triple therapy for patients in group E with eosinophil counts >300 cells/uL. The consistency between the prescribed
inhaled and guideline-recommended regimens was also calculated. The term “initial maintenance therapy within one
month after diagnosis” was defined as the interval between the date of first inhaled maintenance therapy and the date of
first spirometry-defined COPD diagnosis being less than one month. Self-reported good compliance was defined as >70%
of treatment dosage used in patients receiving maintenance therapy containing long-acting bronchodilators. Appropriate
use of inhalation device was assessed by trained research staff using a standardized 7-step checklist based on guideline-
recommended steps (Supplementary Table 2).

Statistical Analysis

Descriptive statistics were used to summarize the study data, including the mean + standard deviation (SD) for continuous
variables with normality, median (interquartile range) for continuous variables without normality, and frequency (percentage)
for categorical variables. Between-group comparisons were conducted using #-tests, chi-square tests, or Fisher’s exact tests as
appropriate. Multivariable logistic regression model was performed to assess the associations of hospital level, hospital
region, education level, occurrence of exacerbation, GOLD grade, CAT score, and availability of blood eosinophil counts
with management patterns. Models were adjusted for age, sex, BMI, smoking status, occupation, time since spirometry-
confirmed COPD diagnosis, and comorbidities, with all main variables mutually adjusted. In the multivariable analyses,
missing data were imputed using multiple imputation by chained equations with 5 imputed datasets. Since multivariable
logistic regression models were conducted for nine indicators of management patterns, a Bonferroni-corrected significance
threshold of P<0.0056 (0.05/9) was used to control for Type I error. Statistical analysis was performed using SAS 9.4 (SAS
Institute Inc., Cary, USA), and other statistical significance was defined as a two-sided P<0.05.

Results

Patient Characteristics

Between April 2023 and June 2024, 1055 COPD patients with COPD with a history of frequent exacerbations were
included (Figure 1). The mean age was 66.2 (SD: 7.5) years, 903 (85.6%) were male, and the mean BMI was 23.0 (SD:
3.6) kg/m? (Table 1). A history of smoking was reported in 847 (80.3%) patients, with a median exposure of 44.0 (IQR:
30.0, 54.0) pack-years. Exposure to solid fuel was reported by 9.3% for cooking and 13.7% for heating, while 24.6% had
occupational exposures.
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Figure | Flowchart of patient selection in this study.

Disease Burden

The median time since the first diagnosis of spirometry-defined COPD was 10.6 (IQR: 1.5, 48.3) months (Table 2). 446 (43.3%)
patients were categorized into GOLD stages 3—4, 988 (93.6%) were categorized into GOLD group E, and the mean CAT score
was 18.0 (SD: 5.7). In the past year, 411 (39.0%) and 709 (67.2%) reported at least one moderate and severe exacerbation, with an
average of 1.5 (SD: 0.8) times per patient per year. Blood eosinophil counts were available for 694 patients, among whom 21.9%
had >300 cells/uL. Lung function measurements showed that the mean post-bronchodilator FEV % predicted was 54.8% (SD:
18.6%) and the mean post-bronchodilator FEV/FVC was 53.1% (SD: 10.5%). The most prevalent comorbidities included
hypertension, metabolic syndrome, history of respiratory infection, and other cardiovascular diseases, while other comorbidities

were relatively infrequent (<6%).

Table | Patient Characteristics in This Study
Patients

Age, year, mean (SD) 66.2(7.5)
Sex

Male 903(85.6)

Female 152(14.4)
BMI, kg/m?, mean (SD) 23.0(3.6)
Education level

Middle school or lower 671(63.6)

High school or higher 191(18.1)

Other 193(18.3)
Smoking status

Never 208(19.7)

Previous 458(43.4)

Current 389(36.9)
Pack-years, median (interquartile range) | 44.0(30.0, 54.0)
Cooking fuel type

Solid fuel® 97(9.3)

Clean fuel® 945 (90.7)

(Continued)
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Table | (Continued).

Patients

Heating fuel type

Solid fuel 145(13.7)

Clean fuel 910(86.3)
Occupation

Workers in factories with dust or smoke 103(9.8)

Farmer 99(9.4)

Construction worker 39(3.7)

Cook 19(1.8)

Unemployed 105(9.9)

Other 690(65.4)

Notes: *Solid fuels include coal, coke, firewood, heavy oil, and kerosene. °Clean
fuels include liquefied petroleum gas, electricity, piped gas, cylinder gas, and no fuel.

Table 2 Key Indicators Characterizing the Burden of COPD at High Exacerbation Risk

Patients
Time since the first diagnosis of spirometry-defined COPD, month | 10.6 (1.5, 48.3)
GOLD grade
| 105(10.2)
2 481(46.6)
3 369(35.8)
4 77(7.5)
GOLD group
B 67(6.4)
E 988(93.6)
CAT score, mean (SD) 18.0(5.7)
Annual exacerbations per patient, mean (SD) 1.5(0.8)
Moderate exacerbation in last 12 month
0 644(61.0)
| 114(10.8)
2 259(24.6)
>3 38(3.6)
Severe exacerbation in last 12 month
0 346(32.8)
| 623(59.1)
2 67(6.4)
23 19(1.8)
Blood eosinophil counts > 100 cells/pL 510(73.5)
Blood eosinophil counts > 300 cells/pL 152(21.9)
Post-bronchodilator FEV,% predicted, %, mean (SD) 54.8(18.6)
Post-bronchodilator FEV,/FVC, %, mean (SD) 53.1(10.5)
Comorbidities
Hypertension 351(33.3)
Other cardiovascular diseases 236(22.4)
Metabolic syndrome 261(24.7)
History of respiratory infection® 262(24.8)
Bronchiectasis 30(2.8)
Obstructive sleep apnea or insomnia 60(5.7)
Gastroesophageal reflux 27(2.6)
Osteoporosis 27(2.6)

Notes: *History of respiratory infection included any self-reported respiratory system infections, such as
infectious pneumonia and upper respiratory tract infections.
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Treatment and Inhaled Therapy Management

As shown in Table 3, the most common inhalation maintenance regimen was LABA + ICS (30.5%), followed by triple
therapy (19.7%), LABA + LAMA (17.0%), and LAMA (10.4%). Overall, 792 (75.1%) patients received long-acting
bronchodilators and 514 (48.7%) received ICS-containing regimens. However, only 126 (17.7%) patients were receiving
maintenance therapy consistent with the GOLD recommendations for initial treatment.

Among patients receiving inhaled therapy, 708 (70.9%) started the maintenance therapy within one month of
diagnosis. However, only 47.3% reported good compliance. Although inhalation technique education and check were
widely implemented, only 61.9% of patients appropriately used the inhalation device. Smoking cessation education was
provided to 768 (90.7%) ever-smokers, whereas non-pharmaceutical treatment was rare (2.5%).

Treatment patterns for patients in GOLD group E were similar to the overall population (Supplementary Table 3).

Notably, triple therapy was more frequently prescribed in patients with available blood eosinophil counts. However, no

differences in the treatment patterns were observed across eosinophil levels.

Distribution of Disease Burden and Management Patterns Across Different Patient
Groups

As shown in Supplementary Figure 3A and Supplementary Table 4, patients in tertiary hospitals had lower CAT scores,

more moderate exacerbations, and fewer severe exacerbations than those in secondary hospitals. In terms of pharmaco-
logical treatment, patients in tertiary hospitals were more likely to receive LABA + LAMA and methylxanthines, but less

Table 3 The Treatment for Patients with COPD in This Study

Patients

Mono maintenance therapy

LAMA 110(10.4)

SABA or SAMA 58(5.5)

LABA 22(2.1)

ICS 8(0.8)
Combination maintenance therapy

LABA + ICS 322(30.5)

Triple therapy 208(19.7)

LABA + LAMA 179(17.0)
Maintenance therapy containing long-acting bronchodilators 792(75.1)
Maintenance therapy containing ICS 514(48.7)

Consistency with the GOLD recommendation for initial treatment | 126(17.7)
Other therapy

Antitussive/mucolytics/cough-mucolytics 277(26.3)
Methylxanthines 151(14.3)
Antibiotics 30(2.8)
Traditional Chinese medicine 29(2.8)
Oral/systemic corticosteroids 9(0.9)
Inhaled therapy management
Initial maintenance therapy within one month after diagnosis 708(70.9)
Self-reported good compliance 312(47.3)
Appropriate use of inhalation device 490(61.9)
Inhalation technique check 862(81.7)
Inhalation technique education 297(88.4)
Non-pharmaceutical treatment® 26(2.5)
Smoking cessation education 768(90.7)

Notes: *Non-pharmaceutical treatments included oxygen therapy, influenza vaccination, pneumococcal
vaccination, pulmonary rehabilitation, and smoking cessation interventions.

6 https: International Journal of Chronic Obstructive Pulmonary Disease 2026:21


https://www.dovepress.com/article/supplementary_file/597295/597295%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/597295/597295%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/597295/597295%20Supplementary%20Material.docx

Yang et al

likely to receive LABA + ICS and antibiotics (Figure 2A and Supplementary Table 5). However, smoking cessation

education was more frequently provided in secondary hospitals.
Compared with county-based hospitals, patients in city-based hospitals had higher BMI and education levels
(Supplementary Figure 3B). They also showed lower symptom burden, more moderate exacerbations, fewer severe

exacerbations, and greater comorbidity burden. Patients in city-based hospitals were more likely to receive combination
maintenance therapy and demonstrated better inhalation technique (Figure 2B). Differences in clinical characteristics,
disease burden, and treatment were also observed between city- and county-based hospitals within the same hospital level
(Supplementary Tables 4 and 5).

Among other factors, higher education level was associated with better compliance (Supplementary Table 6); patients
with more frequent exacerbations received more antitussive/mucolytics/cough-mucolytics (Supplementary Table 7);

increased disease severity was associated with more triple therapy (Supplementary Table 8); and patients with lower

symptom burden started maintenance therapy within one month after diagnosis (Supplementary Table 9).
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Figure 2 Management patterns of COPD patients at high exacerbation risk, stratified by hospital level (A) and hospital region (B). *P<0.05. **P<0.005.
Abbreviations: LAMA, long-acting muscarinic antagonist; LABA, long-acting p2-agonist; ICS, inhaled corticosteroid; SABA, short-acting $2-agonist; SAMA, short-acting
muscarinic antagonist.
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Table 4 Factors Significantly Associated with Management Patterns in Patients with COPD

Indicators of Management Patterns Factors OR (95%) P
LABA + ICS Hospital level (reference: secondary) 0.64(0.47, 0.87) 0.005
Triple therapy GOLD grade 2 (reference: GOLD grade |) 3.20(1.46, 7.01) 0.303
Triple therapy GOLD grade 3 (reference: GOLD grade I) 5.40(2.43, 12.03) <0.001
Triple therapy GOLD grade 4 (reference: GOLD grade ) 3.05(1.08, 8.59) 0.670
Triple therapy Availability of blood eosinophil counts (reference: no) 12.59(6.27, 25.28) | <0.001
LABA + LAMA Hospital region (reference: county) 9.78(3.39, 28.21) <0.001
LABA + LAMA Availability of blood eosinophil counts (reference: no) 0.48(0.33, 0.69) <0.001
Maintenance therapy containing long-acting | Hospital region (reference: county) 2.45(1.55, 3.87) 0.001
bronchodilators
Maintenance therapy containing ICS Availability of blood eosinophil counts (reference: no) 1.63(1.22, 2.18) <0.001
Antitussive/mucolytics/cough-mucolytics Frequency of exacerbation (reference: 2 moderate exacerbation or 2.12(1.37, 3.29) <0.001
| severe exacerbation)
Antitussive/mucolytics/cough-mucolytics Availability of blood eosinophil counts (reference: no) 0.54(0.39, 0.75) <0.001
Methylxanthines Hospital level (reference: secondary) 5.20(3.00, 9.02) <0.001
Methylxanthines Hospital region (reference: county) 0.30(0.15, 0.60) <0.001
Methylxanthines Availability of blood eosinophil counts (reference: no) 0.41(0.27, 0.61) <0.001
Initial maintenance therapy within one Hospital region (reference: county) 0.34(0.20, 0.59) <0.001
month after diagnosis
Appropriate use of inhalation device Hospital region (reference: county) 2.98(1.76, 5.05) <0.001

Factors Associated with Management Patterns
Hospital region and the availability of blood eosinophil counts were dominant factors associated with management patterns
(Table 4). Compared with county-based hospitals, city-based hospitals were significantly more likely to prescribe LABA +
LAMA and maintenance therapies containing long-acting bronchodilators. In contrast, these patients were less likely to
receive methylxanthines. Furthermore, city-based hospitals were independently associated with a lower likelihood of initial
maintenance therapy within one month, while showing a higher likelihood of appropriate inhalation device use. The
availability of blood eosinophil counts was strongly associated with pharmacological choices. Specifically, it was associated
with a higher likelihood of prescribing triple therapy and maintenance therapy containing ICS, while showing an inverse
association with LABA + LAMA, antitussive/mucolytics/cough-mucolytics, and methylxanthines.

Regarding hospital levels, tertiary hospitals showed a strong positive association with methylxanthine use, but a lower
likelihood of prescribing LABA + ICS compared to secondary hospitals. Patients with higher GOLD grade were
significantly more likely to receive triple therapy, and a history of frequent exacerbations was independently associated

with the use of antitussive/mucolytics/cough-mucolytics.

Discussion

This multicenter study provided a cross-sectional overview of real-world COPD management across diverse geographic
regions and hospital levels in China. Focusing on patients with a high risk of exacerbation, our analysis revealed that
nearly 30% of patients experienced delayed treatment initiation after diagnosis. Although three-quarters of patients
received inhalation maintenance therapy, adherence to GOLD recommendations and guidelines in China remained
limited, even among those in GOLD group E. In addition, hospital level, hospital region, availability of blood eosinophil
counts, and disease severity were associated with management patterns.

The study population was characterized by a history of AECOPD and high CAT scores.'*** Other demographic and
clinical characteristics were similar to those reported in other outpatient-based studies, including age, BMI, education level,
smoking history, blood eosinophil count, GOLD grade, and comorbidities, which epitomized the real-world situation of
COPD patients in outpatient clinics in China.'*?*** Consistent with expectations, these outpatients exhibited more severe
disease profiles than those in the community-based cohorts, including older age, lower BMI, higher CAT scores, and more
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advanced GOLD grades.'>** These findings highlight the substantial disease burden among COPD patients at high exacer-
bation risk and suggest important opportunities for improving disease management in routine practice.

In the GOLD 2023 report, dual bronchodilator was recommended as the initial maintenance therapy for patients in
groups B and E with blood eosinophil counts <300 cells/uL. Triple therapy for patients in group E and blood eosinophile
>300 cells/uL or step-up choice for patients with AECOPD even after dual bronchodilator treatment and blood
eosinophile >100 cells/uL."® However, LABA + ICS is still a frequently prescribed maintenance regimen, as in previous
studies, although it is no longer recommended since the GOLD 2023 report.'®! The frequent use of LABA+ICS may be
partly explained by its inclusion in China’s medical insurance system nearly a decade earlier than dual bronchodilator and
triple therapy, as well as its greater accessibility in primary and secondary healthcare settings, which may have
contributed to deeply established prescribing habits among physicians.

The increasing use of dual bronchodilator compared to earlier real-world data is likely attributable to the improving drug
availability and its coverage by China’s medical insurance in recent years.'>** However, the prescription rate for triple therapy
remained consistently low, which is similar to that reported in previous studies.'>* Although triple therapy was prescribed
more frequently in patients with available eosinophil measurements, treatment patterns did not substantially differ across
eosinophil level, suggesting that blood eosinophil counts may still be underutilized in treatment decision-making in real-world
practice. These data underscore the urgent need for guideline-based therapy in COPD patients with a high exacerbation risk to
improve clinical outcomes.

Methylxanthines are commonly used in patients with COPD in China; however, their efficacy remains controversial.>> >’
In contrast to previous reports, our study found that methylxanthines were used more frequently in tertiary hospitals.”? One
possible explanation is that physicians in tertiary hospitals may prescribe methylxanthines as an adjunctive add-on therapy for
symptom control in this high-risk population. Antitussive/mucolytics/cough-mucolytics are also frequently prescribed, which
is recommended in patients with high airway mucus hypersecretion.”*’ More high-quality evidence is needed to evaluate the
effects of these drugs in COPD patients with a high risk of exacerbation.

Non-pharmacological treatment is an important component of the comprehensive management of COPD.?! Recent
systematic reviews in Asian low- and middle-income countries have shown that structured self-management interven-
tions can reduce exacerbation rates and improve health-related quality of life.'"” However, despite extensive smoking
cessation education, other non-pharmacological treatments are severely underutilized. The low implementation rate
suggests an important gap in current COPD management and highlights the need for greater integration of non-
pharmacological support into quality improvement strategies.

Another novelty of our study was the real-world data on inhaled therapy management, as correct inhalation technique was
associated with patient’s outcomes.*° However, inappropriate use of inhalation devices has been a problem for decades.'~*
Although the proportion of patients appropriately using inhalation devices in this study was relatively higher than that reported
in some international studies, a substantial number of patients still failed to use the devices correctly despite widespread
inhalation education and technique checks.?'** These findings suggest that conventional educational approaches alone may be
insufficient. New and better approaches, such as teach-back methods, repeated video instructions, and digital monitoring, may
help improve inhaler technique and long-term treatment effectiveness.** ¢ An interesting finding of this study was that
patients in county-based hospitals were more likely to initiate maintenance therapy within one month, potentially reflecting
closer follow-up and more streamlined physician-patient interactions. These findings suggest that quality improvement
strategies may need to be tailored according to hospital level and regional resource availability.

Several limitations should be considered when interpreting these findings. First, several exclusion criteria may
have introduced selection bias. In particular, patients already receiving regular triple therapy and those with
particularly severe disease were excluded to facilitate evaluation of the subsequent intervention phase, which may
have resulted in underrepresentation of a broader COPD population. Of note, the proportion of these excluded
patients was relatively low. Second, since the recommendation of the treatment pattern in the GOLD report is used
to guide the initial pharmacological treatment, the adherence rate in this study should be interpreted with caution in
patients with prior treatment histories. Third, the COPD diagnosis date was defined as the date of the first
spirometry-confirmed diagnosis, which may have led to an underestimation of treatment delays, as a clinical
diagnosis might have been established earlier. Fourth, blood eosinophil data were unavailable for approximately
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one-third of patients, which may have influenced the assessment of guideline-concordant therapy. However, this
missingness is inherently reflective of real-world clinical practice, where the integration of biomarker testing into
routine COPD management remains suboptimal. Fifth, some subgroup analyses with relatively small sample sizes
may lack sufficient statistical power to detect clinically meaningful differences and should be interpreted as
exploratory. Sixth, data on disease burden and treatment were collected retrospectively, which may have been
subject to recall bias. Finally, the cross-sectional design of this study precludes the establishment of causal
relationships between the identified factors and management patterns, and limits a comprehensive assessment of
treatment appropriateness.

Conclusion

In conclusion, this study highlights a substantial disease burden of COPD patients with a high exacerbation risk in China
and reveals important gaps between real-world management patterns and GOLD recommendations. These findings
suggest opportunities for improved guideline implementation, particularly in secondary and county-based hospitals.
Beyond pharmacological optimization, greater emphasis should be placed on structured self-management and non-
pharmacological support. Future research should evaluate whether targeted quality improvement initiatives can close
this gap and improve patient outcomes.
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