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Purpose: Chronic obstructive pulmonary disease (COPD) a major cause of morbidity, hospitalization, and healthcare burden
worldwide and is increasingly recognized as a heterogeneous syndrome with diverse environmental and socioeconomic determinants.
We aimed to identify phenotype-specific determinants of hospitalized exacerbations and annual total length of hospital stay (LHS) in
smoking and non-smoking COPD.

Patients and Methods: We analyzed 3,913 COPD patients from a nationwide multicenter prospective cohort in China, stratified by
smoking status. Hospitalized exacerbations at baseline and during one-year follow-up, as well as LHS, were assessed. Multivariable
logistic regression and ordinal logistic regression models were used to estimate adjusted odds ratios (ORs) for hospitalized exacer-
bations and annual total LHS within each subgroup.

Results: Among 3,913 participants, 1,709 (43.7%) had non-smoking COPD and 2,204 (56.3%) had smoking-related COPD. During
follow-up, 28.0% of non-smokers and 29.9% of smokers experienced hospitalized exacerbations. Rural residence, larger household
size, and prior hospitalizations in the preceding year were consistently associated with hospitalized exacerbations and longer annual
total LHS in both groups. Biomass exposure was independently associated with hospitalized exacerbations among non-smoking
patients but not among smokers after full adjustment. Low body mass index (BMI) was associated with increased risk in non-smoking
COPD. Findings were consistent across baseline and prospective analyses, as well as binary and ordinal outcome models.
Conclusion: In China, rural residence, larger household size, and prior exacerbation history were common determinants of
hospitalized exacerbations and longer annual total LHS in patients with COPD, while biomass exposure and low BMI exerted
stronger effects in non-smoking COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a leading cause of respiratory morbidity worldwide and poses
a substantial public health burden.' According to the China Pulmonary Health study, COPD affects approximately
13.7% of individuals aged over 40 years in China.”> In addition to its high prevalence, COPD contributes significantly to
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healthcare utilization, hospitalization, and socioeconomic burden.'* Increasing evidence suggests that COPD is
a heterogeneous syndrome influenced by complex interactions between environmental, socioeconomic, and host-
related factors rather than a single smoking-related disease entity.’

Although cigarette smoking is the primary cause, non-smoking COPD represents a substantial proportion of disease
burden globally.® Biomass exposure, air pollution, and occupational hazards have all been implicated in COPD
development among never-smokers.”* Globally, an estimated 4-16% of COPD cases arise in never-smokers, while
studies from China have reported substantially higher proportions.®’~'" These observations highlight considerable
heterogeneity of COPD and suggest that distinct exposure pathways may shape disease characteristics and progression.

Previous studies have described variations in clinical and radiological features across exposure-defined COPD
phenotypes.'>'* Non-smoking COPD has been associated with biomass exposure, tuberculosis-related lung damage,
and airway-predominant changes, whereas tobacco-related COPD more frequently demonstrates emphysema-dominant
patterns.'* ' Chinese cohort studies have further reported differences in symptom profiles, childhood respiratory history,
and body mass index among patients with differing exposure backgrounds.'”'® Collectively, these findings support the
concept that COPD encompasses diverse phenotypes driven by distinct environmental and host-related factors rather than
a uniform smoking-related disorder.

Acute exacerbations of COPD (AECOPD), particularly those requiring hospitalizations, are major drivers of
morbidity, mortality, and healthcare utilizations. Prolonged length of hospital stay (LHS) further amplifies healthcare
burden and costs.'>*® Previous studies have identified associations between exacerbation risk and factors such as air
pollution, occupational exposures, damp housing conditions, smoking history, and comorbidities.”' ** Recent work has
highlighted that lower income, smoking history, damp living conditions, and job exposures increase exacerbation risk.>>~
7 Prior exacerbation history has also been consistently associated with future hospitalization risk.”® However, many
previous studies have focused primarily on clinical variables, involved relatively small sample sizes, or lacked long-
itudinal follow-up. Moreover, evidence remains limited regarding sociodemographic and environmental determinants of
hospitalized exacerbations and healthcare utilization within exposure-defined COPD phenotypes, particularly among
non-smoking patients with COPD.

To address this gap, we analyzed data from a large national multicenter prospective cohort in China. By stratifying
patients according to smoking status, we aimed to characterize sociodemographic and environmental determinants of
hospitalized AECOPD and annual total LHS within each exposure-defined subgroup. Rather than directly contrasting
smoking and non-smoking COPD, this approach seeks to clarify phenotype-specific risk structures that may inform more
tailored prevention and management strategies.

Methods

Participants
The Enjoy Breathing Program is a nationwide prospective cohort study involving participants predominantly recruited
from healthcare institutions across 17 provinces (or equivalent) in mainland China among adults aged >40 years, the
details of which have been described previously.””*° Patients with COPD were diagnosed according to spirometry with
post-bronchodilator forced expiratory volume in 1 second to forced vital capacity (FEV/FVC) ratio of less than 0.7. We
analyzed data from 3,913 patients with COPD with one-year follow-up enrolled in the Enjoy Breathing Program.
Figure 1 shows the participant selection process. Detailed methods are provided in the Supplementary Methods.

The study was registered on www.ClinicalTrials.gov in March 2020 with the ID NCT04318912. Ethical approval was
granted by the China-Japan Friendship Hospital (approval number: 2019-41-k29), and all participants gave written

informed consent to participate. The study was carried out following the ethical guidelines of the Declaration of Helsinki.

Statistical Analysis

Descriptive statistics were used to summarize continuous variables as means =+ standard deviation (SD) and categorical
variables as frequencies. The Student’s #-test was used for continuous variables with normal distribution and equal
variances; otherwise, the Mann—Whitney U-test was applied. The y2 test was used for categorical variables, with Fisher’s
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12,240 participants were
screened between May 2020 and

April 2024 6,257 excluded:
| 206 aged < 40 years
i 3,694 without lung function test
+ 2,357 COPD-SQ score < 16

5,983 participants were enrolled

2,070 excluded:
2,070 post-bronchodilator
v FEV,/FVC 20.7

3,913 patients with COPD were
included in the study

I
v v

1,709 COPD patients 2,204 COPD patients
without smoking with smoking

Figure | Flowchart of participant inclusion. A total of 12,240 individuals were screened between May 2020 and April 2022. After excluding participants based on age (<40
years), absence of lung function tests, and low COPD-SQ scores (<16), 5983 participants were enrolled. Among them, 2,070 were excluded due to a post-bronchodilator
FEV|/FVC 2 0.7. The final study sample included 3913 COPD patients, comprising 1,709 non-smokers and 2204 smokers.

exact test applied for small cell counts. Moreover, a one-way ANOVA was used for comparing continuous variables
across multiple groups, and the Kruskal-Wallis test was applied for non-parametric data.

Univariable logistic regression analyses were performed for descriptive purposes. Then, covariates were selected
a priori based on a directed acyclic graph (DAG) rather than on statistical significance in univariable analyses.*' The
DAG was constructed based on existing literature and clinical knowledge to represent assumed relationships among
sociodemographic factors, environmental exposures, baseline disease burden, COPD severity, treatment, and hospitaliza-
tion outcomes (Supplementary Figure S1). Minimal sufficient adjustment sets were identified according to the DAG

framework for estimating total effects of each exposure on hospitalized exacerbations and annual total LHS. Variables
reflecting COPD severity (CAT score, mMRC, lung function/GOLD stage, and comorbidities) and treatment were
considered downstream mediators or subject to indication bias and were therefore not adjusted for in the primary total-
effect analyses.*> The causal analyses focused on sociodemographic and environmental exposures that precede disease
progression, including body mass index (BMI), family size, residential setting, geographical region, biomass exposure,
education level, employment status and prior COPD-related hospitalizations as an indicator of baseline disease risk.
Therefore, covariates differed across exposure-specific models.

Multivariable logistic regression models were used to estimate adjusted odds ratios (ORs) for hospitalized exacerba-
tions at baseline and during one-year follow-up. Ordinal logistic regression models were used to evaluate determinants of
annual total LHS, categorized as 0, 1-10, 11-20, and > 21 days. The proportional odds assumption for ordinal logistic
regression was assessed before model fitting and was considered acceptable Annual total LHS categories were defined
according to the overall distribution and mean hospitalization duration among hospitalized patients while ensuring
clinically meaningful gradients of healthcare burden and adequate sample size within each category.

Based on the DAG framework, potential covariates were progressively adjusted in two models: Model 1 was adjusted
for age and gender; and Model 2 was further adjusted for the covariates according to DAG results. Analyses were
stratified by smoking status. Subgroup analyses according to age, sex, geographical region, and residence were

descriptive in nature.
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Analyses were conducted using complete-case data because loss to follow-up was minimal, with only three
participants lacking follow-up information. Statistical analysis was conducted using GraphPad Prism (version 9.00),
SPSS (version 23), and R (version 4.2.3). A two-tailed p-value < 0.05 was considered statistically significant.

Results

Characteristics of Non-Smoking and Smoking COPD Patients at Baseline

Among the 3913 participants with COPD included in the study, 1709 were non-smokers and 2204 were smokers
(Figure 1). Non-smoking COPD patients were of similar age to their smoking counterparts (66.2+12.2 years vs
67.0+10.8 years) (Table 1). A substantial difference in sex distribution was observed between groups, with females
comprising the majority of non-smoking COPD patients (66.8%) and males accounting for nearly all smoking COPD
patients (96.7%) (P < 0.001) (Table 1). Compared to smokers with COPD, non-smokers with COPD were more likely to
reside in northern, northeastern, and northwestern regions, have lower education levels, higher employment rates, less
usage of therapies, higher rates of biomass exposure, and were less likely to have experienced exacerbations requiring
hospitalizations in the past 12 months (Table 1).

Table | Sociodemographic Characteristics in Non-Smoking and Smoking COPD Patients at Baseline

Variables Non-Smoking Smoking P Value
COPD (n=1709) | COPD (n=2204)
Ages, years, mean £ SD 662 + 12.2 67.0 £ 10.8 0.040
Age stratification, years 0.001
<50 164 (9.6%) 135 (6.1%)
50-59 293 (17.1%) 366 (16.6%)
60-69 538 (31.5%) 762 (34.6%)
70-79 504 (29.5%) 691 (31.4%)
280 210 (12.3%) 250 (11.3%)
Gender < 0.001
Male 567 (33.2%) 2132 (96.7%)
Female 1142 (66.8%) 72 (3.3%)
BMI, kg/m?, mean * SD 22.7 £ 39 222 + 34 <0.001
BMI stratification, kglm2 0.001
<18.5 202 (11.8%) 291 (13.2%)
18.5-24 967 (56.6%) 1279 (58.0%)
24-28 410 (24.0%) 532 (24.1%)
228 130 (7.6%) 102 (4.6%)
Family numbers, person 0.019
| 70 (4.1%) 62 (2.8%)
2 598 (35.0%) 809 (36.7%)
3-5 792 (46.3%) 1041 (47.2%)
>5 169 (9.9%) 223 (10.1%)
Not reported 80 (4.7%) 69 (3.1%)
Geographical region < 0.001
North/Northeast 280 (16.4%) 306 (13.9%)
Northwest 282 (16.5%) 164 (7.4%)
East 231 (13.5%) 264 (12.0%)
Central south 776 (45.4%) 1281 (58.1%)
Southwest 140 (8.2%) 189 (8.6%)
Residence 0.29
Rural 1042 (61.0%) 1307 (59.3%)
Urban 667 (39.0%) 897 (40.7%)
(Continued)
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Table | (Continued).

Variables Non-Smoking Smoking P Value
COPD (n=1709) | COPD (n=2204)

CAT score, mean = SD 15+73 152 £7.0 0.46
mMRC grade 0.013
0 174 (10.2%) 209 (9.5%)
| 861 (50.4%) 1044 (47.4%)
2 451 (26.4%) 684 (31.0%)
3 192 (11.2%) 242 (11.0%)
4 31 (1.8%) 25 (1.1%)
Lung function, mean * SD
FVC (L) 23+09 23+09 0.47
FVC% pred 77.6% *+ 36.3% 68.1% + 29.9% < 0.001
FEV, (L) 14+08 1416 0.86
FEV,% pred 60.3% + 72.3% 52.3% + 55% <0.001
PEF (L/s) 28=* 1.6 2815 0.06
PEF% pred 40.7% + 22.9% 37.3% + 20.8% < 0.001
GOLD stage 0.92
GOLD | 180 (10.5%) 225 (10.2%)
GOLD 2 948 (55.5%) 1209 (54.9%)
GOLD 3 435 (25.5%) 571 (25.9%)
GOLD 4 146 (8.5%) 199 (9.0%)
Education <0.001
Primary school or less 1128 (66.0%) 1231 (55.9%)
Middle or high School 512 (30.0%) 881 (40.0%)
College and higher 69 (4.0%) 92 (4.2%)
Working status 0.033
Employment 858 (50.2%) 1031 (46.8%)
Unemployment 851 (49.8%) 1173 (53.2%)
Biomass exposure < 0.001
No exposure 742 (43.4%) 1099 (49.9%)
Has exposure 967 (56.6%) 1105 (50.1%)
Therapy 0.008
Non 823 (48.2%) 980 (44.5%)
Inhaled dilators only 675 (39.5%) 937 (42.5%)
Oral medicine only 86 (5.0%) 85 (3.9%)
Combine inhaled and oral medicine 125 (7.3%) 202 (9.2%)
Any comorbidities 0.64
No 940 (55.0%) 1229 (55.8%)
Yes 769 (45.0%) 975 (44.2%)
Hypertension 0.80
No 1402 (82.0%) 1815 (82.4%)
Yes 307 (18.0%) 389 (17.6%)
Asthma 0.84
No 1541 (90.2%) 1983 (90.0%)
Yes 168 (9.8%) 221 (10.0%)
Bronchiectasis 0.58
No 1574 (92.1%) 2019 (91.6%)
Yes 135 (7.9%) 185 (8.4%)
Coronary disease 0.80
No 1575 (92.2%) 2036 (92.4%)
Yes 134 (7.8%) 168 (7.6%)

(Continued)
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Table | (Continued).

Variables Non-Smoking Smoking P Value
COPD (n=1709) | COPD (n=2204)

Diabetes 0.18

No 1598 (93.5%) 2084 (94.6%)

Yes 11 (6.5%) 120 (5.4%)

Hospitalizations in the previous 12 months at baseline 0.042

No 1186 (69.4%) 1462 (66.3%)

Yes 523 (30.6%) 742 (33.7%)

Notes: Data are mean * SD, or n (%). Student’s t-test or Mann—Whitney U-test was performed for continuous variables, and %2 test was
conducted for categorical variables. P value < 0.05 (in bold type) denotes statistical significance.

Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass index; CAT, COPD assessment test; mMRC, Modified
Medical Research Council; FEV, forced expiratory volume in one second; FVC, forced vital capacity; PEF, peak expiratory flow; pred,
predicted; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

To examine whether these characteristics distributions varied by age group, we then conducted age-stratified analyses
(< 50, 50-59, 60—69, 7079, and > 80 years). The distributions of non-smokers and smokers across sociodemographic
factors were significantly different across age subgroups (Supplementary Figure S2). In contrast, upset plots demon-

strated broadly similar patterns of comorbidity clustering between non-smoking and smoking COPD patients at baseline
(Supplementary Figure S3). In the non-smoking group, 23.1% had one comorbidity, 11.3% had two, and 1.2% had three

or more, compared with 23.5%, 9.7%, and 2.0%, respectively, in the smoking group (Supplementary Figure S3).

Sociodemographic Characteristics for Hospitalized Exacerbation Prior 12-Month

Hospitalized Exacerbation in Non-Smoking and Smoking COPD at Baseline
Supplementary Table S1 presents the baseline characteristics of COPD patients, stratified by smoking status and further

divided according to the presence or absence of hospitalized acute exacerbations in the previous year. At baseline, 523 of
1709 (30.6%) non-smoking COPD patients experienced hospitalized exacerbations, compared to 742 of 2204 (33.7%)
smoking patients. (Supplementary Table S1). Baseline characteristics differed significantly between patients with and

without hospitalized exacerbations in both non-smoking and smoking COPD groups. In both populations, patients who
experienced hospitalized exacerbations were older, had lower BMI, larger family size, and were more likely to reside in
rural areas (all P < 0.001) (Supplementary Table S1). They also had higher symptom burden, reflected by higher CAT

scores and mMRC grades, and were more frequently receiving inhaled therapies. In contrast, most lung function
parameters, GOLD stage distribution, biomass exposure, and the prevalence of major comorbidities did not differ
substantially between groups (Supplementary Table S1).

Sociodemographic Correlates Associated with Prior 12-Month Hospitalized
Exacerbation in Non-Smoking and Smoking COPD at Baseline

Univariable logistic regression analyses of all baseline variables for hospitalized AECOPD at baseline are presented in
Supplementary Table S2. In multivariable analyses adjusted according to the prespecified DAG (Model 2), distinct and

shared determinants of hospitalized exacerbations were observed between non-smoking and smoking COPD patients at
baseline (Table 2). In non-smoking COPD, larger household size (3—5 members: OR = 2.55, [95% CI, 1.28-5.07]), rural
residence (urban vs rural: OR = 0.52, [95% CI, 0.40-0.68]), specific geographical regions (East, Central south, and
Southwest), and biomass exposure (OR = 1.47, [95% CI, 1.14—-1.89]) were independently associated with hospitalized
exacerbations (Table 2). Higher BMI categories were associated with reduced odds (Table 2).

In smoking COPD, low BMI was associated with increased risk, whereas urban residence remained protective (OR =
0.45, [95% CI, 0.37—-0.54]). Strong regional and residential effects were similarly observed. In contrast to non-smoking
COPD, household size and biomass exposure were not independently associated after adjustment. Higher educational
attainment (college or above) was associated with lower odds of hospitalizations in smoking COPD.
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Table 2 Adjusted ORs for Factors Associated with Hospitalized Exacerbation Among COPD Patients at Baseline

Variables With/Without Hospitalized AE in Non-Smoking COPD* With/Without Hospitalized AE in Smoking COPD*
Model I, P value Model 2, P Value Model I, P Value Model 2, P Value

OR (95% CI) OR (95% ClI) OR (95% CI) OR (95% CI)

BMI, kg/m?

<185 1.25 (0.91-1.72) 0.177 1.21 (0.87-1.68) 0.25 1.38 (1.06—1.81) 0.017 1.57 (1.21-2.03) < 0.001

18.5-24 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

24-28 0.59 (0.44-0.77) < 0.001 0.65 (0.49-0.86) 0.003 0.81 (0.65-1.02) 0.077 0.76 (0.61-0.94) 0.013

228 0.53 (0.33-0.84) 0.007 0.58 (0.36-0.94) 0.026 0.81 (0.50-1.32) 0.401 0.64 (0.40-1.03 0.065

Family numbers, person

| 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

2 1.50 (0.78-2.91) 0.225 1.26 (0.63-2.51) 0.517 0.59 (0.34-1.03) 0.065 0.59 (0.34-1.01) 0.054

3-5 3.59 (1.87-6.87) < 0.001 2.55 (1.28-5.07) 0.007 1.52 (0.87-2.65) 0.139 1.25 (0.73-2.13) 0414

>5 2.86 (1.41-5.81) 0.004 1.83 (0.86-3.88) 0.115 1.21 (0.66-2.22) 0.534 1.10 (0.61-1.98) 0.753

Residence

Rural 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Urban 0.40 (0.32-0.51) <0.001 0.52 (0.40-0.68) <0.001 0.45 (0.37-0.55) <0.001 0.45 (0.37-0.54) < 0.001

Geographical region

North/Northeast 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Northwest 2.17 (1.35-3.47) 0.001 2.20 (1.36-3.54) 0.001 1.47 (0.85-2.55) 0.166 1.65 (0.96-2.83) 0.071

East 8.30 (5.23-13.18) | < 0.001 8.16 (5.06-13.16) | < 0.001 10.03 (6.46—15.56) | < 0.001 12.50 (8.10-19.30) | < 0.001

Central south 3.62 (2.41-5.43) <0.001 3.67 (2.43-5.55) < 0.001 3.86 (2.65-5.65) <0.001 4.67 (3.21-6.79) < 0.001

Southwest 5.76 (3.46-9.60) < 0.001 5.85 (3.50-9.77) <0.001 2.60 (1.59-4.25) <0.001 2.65 (1.63—4.30) < 0.001

Biomass exposure

No exposure 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Has exposure 1.08 (0.87-1.34) 0.461 1.47 (1.14-1.89) 0.003 0.92 (0.76-1.10) 0.353 0.88 (0.74-1.05) 0.149

Education

Primary school or less 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Middle or high School 0.83 (0.65-1.05) 0.121 0.88 (0.67-1.16) 0.369 1.02 (0.84-1.23) 0.864 0.85 (0.71-1.02) 0.078

College and higher 0.52 (0.27-1.04) 0.064 0.76 (0.36—1.60) 0.469 0.85 (0.51-1.41) 0.525 0.60 (0.37-0.98) 0.042

Working status

Employment 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Unemployment 0.70 (0.55-0.88) 0.002 1.13 (0.87-1.47) 0.368 0.60 (0.48-0.73) <0.001 1.04 (0.87-1.24) 0.645

Notes: * Patients were categorized by smoking status (non-smoking vs. smoking) and, within each group, further divided based on whether they experienced hospitalized
acute exacerbations in the 12 months prior to baseline. The adjusted ORs in both groups were estimated from multivariable logistic regression analysis (with/without
hospitalized acute exacerbation in the past 12 months at baseline). Model | was adjusted for age and gender; and Model 2 was further adjusted for the covariates according
to DAG results, including BMI, family size, residence, geographical region, biomass exposure, health insurance, income, education and working status. P value < 0.05 (in bold
type) denotes statistical significance.

Abbreviations: AE, acute exacerbation; COPD, chronic obstructive pulmonary disease; BMI, body mass index.

Sociodemographic Characteristics for Hospitalized Exacerbation in Non-Smoking and
Smoking COPD in a 12-Month Follow-Up

Supplementary Table S3 presents the baseline characteristics of COPD patients, stratified by smoking status and further

divided according to the presence or absence of hospitalized AE during one-year follow-up. During one-year follow-up,
hospitalized exacerbations occurred in 28.0% of non-smoking and 29.9% of smoking COPD patients (Supplementary
Table S3). In both groups, patients who experienced hospitalized exacerbations were older, had lower BMI, larger
household size, and were more likely to reside in rural areas (all P < 0.001). Symptom burden was significantly higher
among hospitalized patients, as evidenced by elevated CAT scores and mMRC grades (Supplementary Table S3).

Interestingly, prior hospitalizations within the preceding 12 months were strongly associated with subsequent hospita-
lized exacerbations in both non-smoking and smoking COPD populations (P < 0.001) (Supplementary Table S3). In

contrast, spirometry indices, GOLD stage, and most comorbidities showed no consistent differences between non-
smoking and smoking COPD groups (Supplementary Table S3).

To descriptively explore hospitalization patterns according to smoking status across different populations, subgroup
analyses were performed stratified by age, sex, geographical region, and residence (Figure 2). Hospitalization proportions
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generally increased with advancing age in both smoking and non-smoking COPD groups (Figure 2A). Different
distributions according to sex were observed between the two groups, with smoking COPD predominantly occurring
in males and non-smoking COPD including a larger proportion of females (Figure 2B). Geographical variation in
hospitalization proportions was observed across regions in both groups, particularly in the East and Central South regions
(Figure 2C). In addition, rural populations showed higher hospitalization proportions than urban populations in both
smoking and non-smoking COPD (Figure 2D).

Sociodemographic Correlates of Hospitalized Exacerbation in Non-Smoking and
Smoking COPD in a 12-Month Follow-Up

Univariable logistic regression analyses of all baseline variables for hospitalized AECOPD during one-year follow-up are
presented in Supplementary Table S4. During one-year follow-up, distinct risk patterns were observed between non-

smoking and smoking COPD patients (Table 3). In non-smoking COPD, lower BMI (< 18.5 kg/m?) was independently
associated with an increased risk of hospitalized exacerbations, whereas overweight (BMI 24-28 kg/m?) and obesity
(BMI > 28 kg/m?) were associated with reduced risk. Larger family size (> 3 members) (from adjusted OR = 2.76 [1.26—
6.02] to OR = 3.31 [1.44-7.64]), and living in the East (adjusted OR = 9.47 [5.49-16.32]), Central South (adjusted OR =
5.93 [3.64-9.66]), or Southwest regions (adjusted OR = 7.50 [4.19-13.42] were significantly associated with higher odds
of hospitalizations (Table 3). Prior COPD-related hospitalizations at baseline were the strongest predictor of future
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<0.001 pm ;
°© 304 1 - 309 <0.001 Smoking
8 <0.001 3 —
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25 85 2
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a o
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Proportion of hospitalized
exacerbation (%)
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Figure 2 The proportion of hospitalized exacerbations in non-smoking and smoking COPD in specific subgroup analyses in a 12-month follow-up. The proportion of
hospitalized exacerbation in non-smoking and smoking COPD in subgroup analyses of age (A), gender (B), geographical region (C), and rural and urban (D). The total
population was divided into small subgroups based on age stratification (< 50, 50-59, 60-60, 70-79, = 80 years), gender (male and female), geographical region (north/
northeast, northwest, east, central south, and southwest), rural and urban, and the proportion was calculated for each subgroup. The Student’s t-test or the Mann—Whitney
U-test was used for two-groups comparisons. The One-way ANOVA or the Kruskal-Wallis test was used for multi-groups comparisons. Annotation of the colors: dark red
for the proportion of smoking status, dark blue for the proportion of non-smoking status.
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Table 3 Adjusted ORs for Factors Associated with Hospitalized Exacerbation Among COPD Patients During One-Year Follow-Up

Variables With/Without Hospitalized AE in Non-Smoking COPD* With/Without Hospitalized AE in Smoking COPD*
Model I, P Value Model 2, P Value Model I, P Value Model 2, P Value

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

BMI, kg/m?

<185 1.56 (1.13-2.15) 0.007 1.54 (1.11-2.14 0.009 1.18 (0.89-1.55) 0.247 1.04 (0.77-1.39) 0.8

18.5-24 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

24-28 0.56 (0.42-0.75) <0.001 0.61 (0.45-0.81) < 0.001 1.01 (0.80-1.27) 0.956 1.07 (0.83-1.37) 0.611

228 0.44 (0.26-0.73) 0.002 0.49 (0.29-0.82) 0.007 0.89 (0.54-1.46) 0.649 1.01 (0.59-1.73) 0.977

Family numbers, person

| 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

2 2.13 (1.024.44) 0.044 1.94 (0.88—4.26) 0.101 1.49 (0.73-3.02) 0.274 1.96 (0.934.13) 0.076

3-5 3.89 (1.88-8.04) < 0.001 2.76 (1.26-6.02) 0.011 3.97 (1.96-8.01) <0.001 3.45 (1.65-7.20) < 0.001

>5 5.06 (2.32-11.01) < 0.001 331 (1.44-7.64) 0.005 2.85 (1.35-6.03) 0.006 2.75 (1.25-6.03) 0.012

Residence

Rural 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Urban 0.47 (0.37-0.59) <0.001 0.67 (0.51-0.87) 0.003 0.48 (0.40-0.59) < 0.001 0.54 (0.42-0.68) < 0.001

Geographical region

North/Northeast 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Northwest 1.37 (0.76-2.49) 0.295 1.20 (0.66-2.19) 0.555 0.91 (0.44-1.90) 0.807 0.54 (0.25-1.14) 0.106

East 11.06 (6.50-18.81) <0.001 9.47 (5.49-16.32) < 0.001 8.76 (5.30-14.47) < 0.001 5.60 (3.27-9.60) < 0.001

Central south 6.57 (4.05-10.66) <0.001 5.93 (3.64-9.66) < 0.001 6.15 (3.91-9.66) < 0.001 3.78 (2.35-6.08) < 0.001

Southwest 7.56 (4.23-13.50) <0.001 7.50 (4.19-13.42) < 0.001 3.52 (2.01-6.16) < 0.001 2.09 (1.16-3.80) 0.015

Biomass exposure

No exposure 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Has exposure 0.69 (0.56-0.86) < 0.001 0.80 (0.62—1.03) 0.080 0.81 (0.67-0.97) 0.025 0.81 (0.65-1.00) 0.054

Hospitalizations in the previous 12 months at baseline

No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 9.58 (7.48-12.27) <0.001 8.99 (6.82-11.85) < 0.001 6.90 (5.61-8.49) < 0.001 7.79 (6.35-9.55) < 0.001

Education

Primary school or less 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Middle or high School 0.79 (0.61-1.01) 0.065 0.84 (0.64-1.12) 0.237 1.04 (0.86-1.27) 0.682 1.13 (0.90-1.41) 0.286

College and higher 0.68 (0.35-1.33) 0.258 0.94 (0.45-1.98) 0.88 1.10 (0.67-1.82) 0.711 1.68 (0.96-2.97) 0.071

Working status

Employment 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Unemployment 0.53 (0.42-0.68) <0.001 0.74 (0.56-0.97) 0.032 0.65 (0.53-0.80) < 0.001 0.99 (0.78-1.25) 0.909

Notes: *The adjusted ORs in both groups were estimated from multivariable logistic regression analysis (with/without hospitalized acute exacerbation during one-year follow-up). Model | was adjusted for age and gender; and Model 2
was further adjusted for the covariates according to DAG results, including BMI, family size, residence, geographical region, biomass exposure, health insurance, income, education and working status. P value < 0.05 (in bold type) denotes

statistical significance.

Abbreviations: AE, acute exacerbation; COPD, chronic obstructive pulmonary disease; BMI, body mass index.
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hospitalized exacerbations (adjusted OR = 8.99, [95% CI, 6.82—11.85]) (Table 3). In contrast, Urban residence was
associated with lower hospitalization risk (adjusted OR = 0.67 [0.51-0.87]). In smoking COPD, larger family size (from
adjusted OR = 3.45 [1.65-7.20] to OR = 2.75 [1.25-6.03]) and geographical regions (from adjusted OR = 5.60 [3.27—
9.60], OR =3.78 [2.35-6.08] to OR = 2.09 [1.16-3.80]) remained significant predictors. Urban residence was associated
with lower hospitalization risk (adjusted OR = 0.54 [0.42—0.68]). Prior hospitalizations also strongly predicted subse-
quent exacerbations (adjusted OR = 7.79, [95% CI, 6.35-9.55]) (Table 3).

Regarding biomass exposure, a weaker association with hospitalized exacerbations was observed in crude analyses
among non-smokers, and was no longer statistically significant after multivariable adjustment (adjusted OR = 0.80, [95%
CI, 0.62-1.03]) (Table 3). Among smokers, biomass exposure showed a weaker and borderline association in the fully
adjusted model (adjusted OR = 0.81, [95% CI, 0.65-1.00]) (Table 3).

Sociodemographic Characteristics for Annual Total LHS in Non-Smoking and Smoking
COPD in 12-Month Follow-Up

When stratified by annual total LHS during follow-up as 0, 1-10, 11-20, and > 20 days, a clear gradient pattern was
observed in both non-smoking and smoking COPD patients (Supplementary Table S5). Increasing annual total LHS was

associated with older age, larger household size, rural residence, and residence in the East and Central South regions in
both groups (Supplementary Table S5). Similarly, prior hospitalizations within the previous 12 months showed a strong

monotonic association with increasing annual total LHS in both groups (Supplementary Table S5).

Sociodemographic Correlates of Annual Total LHS in Non-Smoking and Smoking
COPD in 12-Month Follow-Up

Univariable logistic regression analyses of all baseline variables for annual total LHS during one-year follow-up are
presented in Supplementary Table S6. Findings from the ordinal logistic regression analyses of annual total LHS were

largely consistent with those for hospitalized exacerbations, with regard to both non-smoking and smoking COPD groups
during the 12-month follow-up (Table 4). Larger household size (from adjusted OR = 2.23 [1.02-4.88] to OR = 3.11
[1.37-7.08]), specific geographical regions (East: adjusted OR = 8.81 [5.16—15.05]; Central south: adjusted OR = 6.23
[3.82—-10.14]; Southwest: adjusted OR = 6.31 [3.56—11.19]), and prior hospitalizations (adjusted OR = 7.66 [5.91-9.93])
were strongly associated with increasing annual total LHS in non-smoking COPD (Table 4). Urban residence was
associated with lower hospitalization risk (adjusted OR = 0.69 [0.53-0.90]).

Consistent patterns were also observed across these factors in smoking COPD. Low BMI remained significant among
non-smoking COPD patients (adjusted OR = 1.45 [1.06-1.97]), whereas no independent association (adjusted OR = 1.04
[0.79-1.38]) was observed among smokers after adjustment (Table 4). Biomass exposure demonstrated borderline
inverse associations that attenuated after full adjustment in both groups (Table 4).

Discussion

Summary of Main Findings

To the best of our knowledge, this study is the largest multicenter survey in China comprehensively demonstrating
sociodemographic characteristics and risk factors for hospitalized AECOPD in non-smoking and smoking patients with
COPD. Several important findings emerged from this study. First, specific geographical regions, rural residence, larger
household size, and prior hospitalizations in the preceding year were consistently associated with both hospitalized
exacerbations and longer annual total LHS in both groups. Second, heterogeneity was observed in the associations of
biomass exposure and BMI, suggesting that environmental and host-related vulnerabilities may operate differently in
smoking-related and non-smoking COPD phenotypes. Third, the consistency of findings across cross-sectional and

prospective analyses strengthens the robustness of these associations.
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Table 4 Adjusted ORs for Factors Associated with Prolonged Annual Total LHS Among COPD Patients During One-Year Follow-Up

Variables Prolonged Annual Total LHS in Non-Smoking COPD* Prolonged Annual Total LHS in Smoking COPD*
Model I, P Value Model 2, P Value Model I, P Value Model 2, P Value
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

BMI, kg/m?

<185 1.49 (1.09-2.02) 0.011 1.45 (1.06-1.97) 0.019 1.14 (0.87-1.49) 0.345 1.04 (0.79-1.38) 0.764

18.5-24 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

24-28 0.56 (0.42-0.75) < 0.001 0.61 (0.45-0.81) < 0.001 1.03 (0.82-1.28) 0.828 1.06 (0.83-1.34) 0.641

228 0.41 (0.24-0.68) < 0.001 0.45 (0.27-0.76) 0.003 0.91 (0.56-1.49) 0.719 1.09 (0.65-1.83) 0.734

Family numbers, person

| 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

2 2.25 (1.08-4.70) 0.03 2.23 (1.02-4.88) 0.044 1.43 (0.71-2.91) 0.319 1.78 (0.85-3.71) 0.126

3-5 3.81 (1.84-7.87) < 0.001 2.78 (1.28-6.02) 0.01 3.84 (1.90-7.73) < 0.001 3.17 (1.53-6.57) 0.002

>5 441 (2.04-9.54) < 0.001 3.11 (1.37-7.08) 0.007 2.50 (1.19-5.26) 0.016 2.31 (1.06-5.01) 0.034

Residence

Rural 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Urban 0.49 (0.39-0.62) < 0.001 0.69 (0.53-0.90) 0.006 0.52 (0.43-0.64) < 0.001 0.58 (0.46-0.72) < 0.001

Geographical region

North/Northeast 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Northwest 1.33 (0.73-2.41) 0.349 1.15 (0.63-2.10) 0.643 0.90 (0.43-1.87) 0.772 0.57 (0.27-1.21) 0.144

East 10.00 (5.93-16.85) < 0.001 8.8l (5.16-15.05) < 0.001 8.22 (5.01-13.50) < 0.001 6.64 (3.96—11.14) < 0.001

Central south 6.98 (4.30-11.31) < 0.001 6.23 (3.82-10.14) <0.001 6.16 (3.92-9.68) < 0.001 4.21 (2.64-6.73) < 0.001

Southwest 6.23 (3.52-11.02) < 0.001 6.31 (3.56-11.19) < 0.001 3.26 (1.87-5.70) < 0.001 2.29 (1.29-4.07) 0.005

Biomass exposure

No exposure 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Has exposure 0.71 (0.57-0.88) 0.002 0.78 (0.61-1.01) 0.056 0.82 (0.68-0.98) 0.033 0.84 (0.68-1.04) 0.102

Hospitalization in the previous 12 months at baseline

No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 8.35 (6.58-10.59) < 0.001 7.66 (5.91-9.93) < 0.001 6.05 (4.95-7.39) < 0.001 4.38 (3.54-5.42) < 0.001

Education

Primary school or less 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Middle or high School 0.82 (0.64-1.05) 0.119 0.89 (0.68-1.17) 0.392 1.17 (0.97-1.42) 0.106 1.37 (1.11-1.70) 0.004

College and higher 0.67 (0.35-1.29) 0.228 0.91 (0.45-1.84) 0.793 1.25 (0.77-2.05) 0.369 2.01 (1.17-3.46) 0.011

Working status

Employment 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Unemployment 0.55 (0.44-0.70) < 0.001 0.75 (0.58-0.97) 0.029 0.68 (0.55-0.83) <0.001 1.01 (0.81-1.26) 0915

Notes: *The adjusted ORs in both groups were estimated from multivariable ordinal logistic regression analysis (separated into four categories according to the total duration of hospitalizations within a year: 0, 1-10, 11-20, = 21| days).

Model | was adjusted for age and gender; and Model 2 was further adjusted for the covariates according to DAG results, including BMI, family size, residence, geographical region, biomass exposure, health insurance, income, education
and working status. P value < 0.05 (in bold type) denotes statistical significance.
Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass index.
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Distinct Characteristics in Smoking and Non-Smoking COPD

Non-smoking patients accounted for substantial amount of COPD patients. Although tobacco smoking is considered as
a major risk factor for COPD, there are 25-45% of patients with COPD who have never smoked.® Consistently, we found
that about 43.7% of all non-smoking patients with COPD diagnosed using spirometry, aligned with previously reported
proportion of 38.6%-50.4% in China.>'” The rates in China were higher than those in Denmark (22%),'® Canada
(27%),'* and Switzerland (29.3%).*®> The discrepancy may due to unbalance of sociodemographic index (SDI): in
countries with a high SDI, non-smoking causative factors contributed to 26% of COPD, at middle SDI quintiles
54.8%, at low-middle SDI was 63.9%, and at low SDI quintiles 71.2%.""**

Increasing evidence suggests that non-smoking COPD represents a clinically meaningful entity, often associated
with household air pollution, biomass exposure, and differing inflammatory or structural lung changes.'®*® The
Chinese Epidemiological Survey of COPD (CESCOPD) including 644 nonsmokers and 1024 smokers, has suggested
that non-smoking COPD were more likely to be female, having better lung function, with less chronic productive
coughs and higher BMI but comparable dyspnea scores and age, compared with smokers with COPD.'” In line with
previous studies, we found that marked baseline differences were observed between smoking and non-smoking COPD.
As expected in the Chinese population, smoking COPD was overwhelmingly male, whereas non-smoking COPD
included a substantially higher proportion of women.’ This sex distribution reflects national tobacco consumption
patterns but also highlights the structural interdependence between smoking status, gender, occupational exposure, and
socioeconomic background.**-*¢

Such heterogeneity justifies the stratified analytical approach adopted in this study. Previous analyses from the same
national program identified four COPD clusters—young male smokers, biomass-exposed females, respiratory comorbid-
ity, and elderly multimorbid patients—with poorer health-related quality of life observed in the latter two clusters.’” In
contrast, the current study extends these findings by quantifying phenotype-specific risk factors for clinically important
outcomes, including hospitalized exacerbations and annual total LHS. By stratifying analyses according to smoking
status, we aimed to clarify risk structures within each exposure-defined phenotype rather than assuming a unified disease
pathway.*®

Shared Determinants of Hospitalized Exacerbations and LHS in Smoking and
Non-Smoking COPD

In this study, we found that living in rural areas was an independent risk factor for hospitalized AECOPD and longer
hospital stays in both smoking and non-smoking COPD patients. Moreover, for the first time, our findings have found
that living in the East, Central South, or Southwest regions were significantly associated with higher odds of hospitaliza-
tions and longer LHS in both groups. These findings align with a previous Chinese study reporting regional and hospital-
level variations in COPD exacerbation rates.’* Consistently, a large study conducted in low- and middle-Income
countries demonstrated that household air pollution exposure is associated with a higher prevalence of COPD, especially
among women and those resided in rural areas.*”

In addition, we found that larger household size (> 3 members) was consistently associated with both hospitalized
exacerbations and longer annual total LHS in both smoking and non-smoking COPD. This association persisted across
cross-sectional and longitudinal analyses. Possible mechanisms include increased exposure to respiratory infections,
delayed care-seeking in complex family structures, socioeconomic clustering, and caregiving burdens.*' Crowded living
conditions may facilitate viral transmission, a known trigger of exacerbations.** Consistently, Hermann et al found that
children under five residing in larger households had a higher prevalence of fever.*> Additionally, household size may
proxy underlying socioeconomic structure not fully captured by income or education. These findings underscore the
importance of incorporating social environmental variables into COPD risk modelling beyond traditional clinical
parameters.

A history of hospitalized exacerbation within the preceding year emerged as the strongest predictor of future
hospitalizations and prolonged annual total LHS in both groups. This finding aligns with the well-established principle
that exacerbation history is the most powerful predictor of future events, as reflected in GOLD risk stratification
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frameworks.** Frequent exacerbators may exhibit a triad of persistent airway inflammation, impaired host defenses,
and suboptimal adherence, leading to systemic inflammation, lung hyperinflation, and changes in airway
microbiology.*> Importantly, the magnitude and consistency of this association across both smoking and non-
smoking COPD suggest that exacerbation susceptibility represents a shared vulnerability pathway transcending
exposure phenotype.

Distinct Risk Factors of Hospitalized Exacerbations and LHS in Non-Smoking COPD
Biomass exposure demonstrated differential patterns across smoking strata and analytical models. In non-smoking
COPD, biomass exposure was independently associated with hospitalized exacerbations in baseline analyses, although
the association became attenuated and no longer statistically significant after full adjustment in prospective analyses.
Similar patterns were observed for annual total LHS. These findings remain broadly consistent with previous literature
linking household air pollution to airflow limitation, chronic airway inflammation, and increased exacerbation risk.*®
Mechanistically, biomass smoke contains particulate matter and toxic gases that induce oxidative stress and small airway
remodeling-mechanisms that overlap with, but are not identical to those triggered by tobacco smoke.*’ In contrast,
among smoking COPD patients, biomass exposure showed weaker and borderline associations after multivariable
adjustment, particularly in prospective analyses. This pattern should not be interpreted as a protective effect. Several
explanations are plausible. First, the cumulative toxic burden of tobacco smoke may dominate the pathophysiological
trajectory in smokers, reducing the detectable marginal contribution of biomass exposure.** Second, biomass exposure
may correlate with rural residence or socioeconomic factors, resulting in residual confounding after adjustment.*’ Third,
self-reported exposure may not capture duration or intensity, introducing non-differential misclassification.”® Overall,
these findings suggest that biomass exposure may act as a more prominent etiological driver in non-smoking COPD,
whereas its relative impact in smoking COPD may be may be partially obscured by tobacco-related injury.

Previous research has demonstrated that low BMI is a risk factor for the development of COPD and is also linked to
poorer lung function and prognosis in patients with COPD.?'->! Suzuki et al found that weight loss were an independent
risk factors for COPD exacerbations.”' In non-smoking COPD, low BMI (< 18.5 kg/m?) was independently associated
with increased hospitalization risk and longer annual total LHS, while overweight and obesity appeared protective. This
pattern is consistent with the so-called “obesity paradox” described in COPD cohorts, where underweight status
correlates with worse outcomes,” potentially due to reduced respiratory muscle strength, sarcopenia, and systemic
inflammation.”

Interestingly, BMI was not independently associated with hospitalizations or annual total LHS in smoking COPD
after full adjustment. It is possible that tobacco-related lung injury exerts a dominant influence on disease progression in
smokers, diminishing the relative contribution of nutritional status.>* Alternatively, differences in body composition and
systemic inflammatory burden between cigarette and biomass smoke-induced phenotypes may underlie this
heterogeneity.>

Clinical and Public Health Implications

These findings have important clinical and public health implications. Identification of phenotype-specific determinants
may facilitate more individualized prevention and management strategies in COPD. In particular, recognition of biomass
exposure and low BMI as important risk factors in non-smoking COPD may improve risk stratification and healthcare
resource allocation in vulnerable populations, especially in rural and low-resource settings. More broadly, our findings
highlight the importance of incorporating environmental and sociodemographic determinants into COPD prevention
frameworks beyond traditional smoking-related paradigms.

Strengths, Limitations, and Future Research Needs

This study has several notable strengths. First, it was based on a large nationwide multicenter prospective cohort,
enhancing statistical power and representativeness across diverse regions of China. Second, both baseline and one-year
follow-up data were integrated, enabling evaluation of both cross-sectional and prospective determinants of hospitalized
exacerbations. Third, clinically meaningful outcomes, including hospitalized exacerbations and annual total LHS, were
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simultaneously assessed to comprehensively characterize healthcare burden. Fourth, stratified analyses according to
smoking status allowed identification of phenotype-specific risk structures in smoking and non-smoking COPD. Fifth,
a prespecified DAG-informed adjustment strategy strengthened causal interpretability and reduced inappropriate adjust-
ment and overadjustment bias. Finally, It complements previous work from the same program that characterized COPD
heterogeneity using cluster analysis.>’

There are potential limitations in the present study. First, as an observational study, residual confounding from
unmeasured socioeconomic, environmental, or occupational factors cannot be fully excluded. Detailed information
regarding occupational dust exposure, household ventilation, healthcare accessibility, and treatment adherence was not
comprehensively available. Second, hospitalization outcomes were partly based on self-report during follow-up inter-
views and may therefore be subject to recall or reporting bias, although medical records were reviewed when necessary
to verify reported events. Third, although loss to follow-up was minimal, a small proportion of participants had
incomplete follow-up data, which may introduce potential selection bias. Fourth, variables reflecting COPD severity
and treatment may partially overlap with mediators within the causal pathway and were therefore not included in the
primary total-effect models. Fifth, the follow-up period was limited to one year, and longer-term studies are warranted to
identify sustained determinants of hospitalization burden. Sixth, part of the study period overlapped with the COVID-19
pandemic, which may have influenced healthcare utilization patterns and disease classification. Seventh, the non-smoking
group included never-smokers, and we did not collect data on passive smoking exposure. This could lead to non-
differential misclassification, potentially diluting the true differences between the two groups. Finally, findings derived
from a Chinese population may not be fully generalizable to other healthcare settings or populations.

Conclusion

In this nationwide prospective cohort, rural residence, larger household size, and prior hospitalizations were consistently
associated with hospitalized exacerbations and longer annual total LHS in both smoking and non-smoking COPD.
Biomass exposure and lower BMI showed stronger associations in non-smoking COPD, highlighting phenotype-specific
vulnerability patterns. These findings provide new evidence regarding determinants of healthcare burden across expo-
sure-defined COPD phenotypes and support more targeted prevention strategies, particularly for non-smoking COPD.
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