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Background: The association between emphysema phenotype and readmission risk after acute exacerbation of chronic obstructive
pulmonary disease (AECOPD) remains unclear. This real-world study evaluated this association with rigorous confounding control.
Methods: This retrospective cohort study included patients hospitalized for AECOPD (2023). Emphysema was diagnosed by chest
CT. The outcome was 1-year acute exacerbation-related readmission. Propensity score matching (PSM), multiple-weighting methods,
doubly robust analysis, Schoenfeld residuals test, Kaplan-Meier curves, and subgroup analyses were used.

Results: Among 875 patients, PSM yielded 171 matched pairs. Emphysema was associated with higher readmission risk in adjusted
analysis (HR=1.64, 95% CI:1.17-2.32, p=0.005), and after PSM (HR=1.81, 95% CI:1.22-2.68, p=0.003). Results were consistent
across all weighting methods. The Schoenfeld test satisfied the proportional hazards assumption. Kaplan-Meier curves showed
significantly lower readmission-free survival in the emphysema group. Subgroup analyses revealed a stronger association in patients
not using inhaled corticosteroids.

Conclusion: Emphysema was associated with a higher risk of 1-year readmission after AECOPD. The emphysema phenotype may
aid risk stratification and guide individualized therapy, though these findings should be interpreted cautiously.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a leading cause of hospitalization due to recurrent exacerbations and
imposes a major burden on healthcare expenditure.' In China, COPD has become the third leading cause of death,
placing substantial economic and social strain on the healthcare system.” Acute exacerbation of chronic obstructive
pulmonary disease (AECOPD) is characterized by rapid worsening of symptoms, including dyspnea, cough, and
increased sputum production, typically triggered by respiratory infections and air pollution.* These exacerbations not
only represent a major determinant of adverse outcomes but are also closely associated with elevated readmission
rates.'” Hospitalization for AECOPD accelerates lung function decline, impairs quality of life, increases the risk of
future exacerbations, and raises mortality. AECOPD is a critical factor influencing the health and prognosis of patients
with COPD. Approximately 40% of patients experience readmission within one year after discharge.® Frequent read-
missions are associated with poor patient outcomes, as well as a significant increase in family economic burden and
healthcare resource utilization. Patients with AECOPD often have coexisting chronic disease progression and recurrent
exacerbations, which significantly increase the risk of hospital readmission.” AECOPD poses a major challenge in
disease management, with considerable adverse effects on patient health, readmission rates, and the overall disease
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trajectory. Early identification of high-risk patients, clarification of risk factors for AECOPD readmission, and imple-
mentation of targeted interventions are essential for reducing readmission rates and improving patient prognosis.

Emphysema is an important phenotype of COPD, characterized by destruction of the air spaces distal to the terminal
bronchioles.® Advances in imaging technology have evolved from an adjunctive tool to a core component in COPD
research and clinical care.’ It represents a clearly identifiable imaging feature on chest CT that can be readily assessed in
routine practice; it is closely associated with decline in lung function, reduced exercise tolerance, and increased
mortality.'®"® Pathophysiologically, the irreversible parenchymal destruction, persistent airway inflammation, and
reduced physiological reserve that characterize emphysema may lower the threshold for acute exacerbations and impair
post-discharge recovery, thereby increasing susceptibility to readmission. However, its independent impact on the risk of
readmission after discharge in patients with AECOPD remains controversial.'* Although the clinical significance of
emphysema has been widely recognized, existing studies evaluating its association with readmission risk often have
limitations. Some studies have reported a significant association between emphysema and higher readmission rates,
whereas other systematic reviews and meta-analyses have found that the reported risk factors vary considerably across
studies and regions,' with no consistent independent effect identified for emphysema.'® While factors such as smoking
history and prior hospitalizations significantly increased readmission risk, the conclusions regarding emphysema itself as
an independent risk factor remained heterogeneous.'® These discrepancies may arise from heterogeneity in study design,
including inadequate control of confounding factors, limited sample sizes, differences in patient selection criteria,
varying follow-up durations, inconsistent outcome definitions, and insufficient consideration of potential effect modifiers
such as inhaled corticosteroid (ICS) use. Therefore, in a real-world setting, adopting more rigorous statistical methods to
control for confounding, comprehensively assessing the independent effect of the emphysema phenotype on readmission
risk in AECOPD patients, and exploring potential effect modifiers are of great clinical and scientific value.

Based on this, the present study applied propensity score matching (PSM), multivariable Cox regression, multiple-
weighting methods, and doubly robust analysis to achieve more rigorous confounding control than has been typical in
previous research, thereby providing more robust evidence regarding the independent effect of emphysema on read-
mission risk in a real-world setting. In addition, through systematic subgroup analyses, the study explored whether the
association is modified by clinically relevant factors, including ICS use. The aim is to provide more robust evidence--

based support for risk stratification and individualized management of AECOPD patients.

Materials and Methods
Study Design and Population

The study was a single-center retrospective cohort study conducted at the Second People’s Hospital of Banan District,
Chongqing, China, which is a Grade II-A general hospital. We consecutively enrolled patients with AECOPD who were
hospitalized for the first time in the Department of Respiratory and Critical Care Medicine between January 2023 and
December 2023. Inclusion criteria were a primary diagnosis of AECOPD based on the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) clinical criteria (progressive dyspnea, chronic cough or sputum production, and
a history of exposure to risk factors), documented by International Classification of Diseases, Tenth Revision (ICD-10)
codes J44.001 or J44.101, and age >40 years. Exclusion criteria were severely missing clinical data; presence of other
active pulmonary diseases (eg., tuberculosis, lung cancer, interstitial lung disease); and immunodeficiencies or long-term
use of immunosuppressants. All patients were followed up for one year after discharge, with the follow-up end date of
December 31, 2024. Initially, 1025 patients were screened, and after applying the exclusion criteria, 875 patients were
included in the final statistical analysis (Supplemental Figure S1).

According to the national Measures for Ethical Review of Life Science and Medical Research Involving Human
Subjects, the use of anonymized retrospective data in this study posed no risk to patients and met the criteria for
exemption from ethical review. The Ethics Committee of our hospital approved the exemption of ethical review for this
study (approval No. 2025-KL-022). This study was conducted in accordance with the principles of the Declaration of
Helsinki (revised in 2013). The results were reported in accordance with the STROBE statement.'’
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Variables

The outcome variable was the readmission rate due to acute exacerbation of COPD within one year. Readmission data
were collected not only from the index hospital’s electronic medical record system but also through the Chongqing
Municipal Medical Examination and Mutual Recognition System, a regional platform that enables retrieval of hospita-
lization and visit records from public hospitals across the municipality. This dual-source approach was intended to
capture readmissions to other public hospitals within Chongqing.

The diagnosis of emphysema was based on chest computed tomography (CT) findings. Two experienced imaging
specialists independently assessed emphysema changes (eg, low-attenuation areas and parenchymal destruction) by
visual evaluation, combined with clinical characteristics and chest CT results, to perform a standardized clinical
assessment.

Based on the literature and clinical knowledge,'®"’

potential confounding variables included: demographic char-
acteristics (age, sex, height, weight); smoking status (never, former, current), with calculation of pack-years; comorbid-
ities (hypertension, diabetes, chronic bronchitis, coronary heart disease); laboratory indicators (platelet count, D-dimer,
fibrinogen, albumin, blood urea nitrogen, creatinine) obtained within 24 hours of admission; and treatment-related factors
(ICS use). Chronic bronchitis was defined clinically as chronic productive cough for at least three months per year for

two consecutive years.

Statistical Analysis

Categorical variables were expressed as percentages (%) and analyzed using the chi-square test. Continuous variables
with a normal distribution were expressed as mean + standard deviation (SD) and analyzed using one-way analysis of
variance (ANOVA). Continuous variables that did not follow a normal distribution were described as median (inter-
quartile range) and compared using the Kruskal-Wallis test.

Cox proportional hazards regression models were used to assess the association between emphysema and the risk of
1-year readmission, calculating hazard ratios (HRs) and their 95% confidence intervals (CIs). To control for confounding
and test the robustness of the results, three multivariable models were constructed sequentially: Model 1 adjusted for sex,
age, height, and weight; Model 2 further adjusted for smoking status, pack-years, hypertension, diabetes, chronic
bronchitis, and coronary heart disease; Model 3 additionally adjusted for platelet count, D-dimer, fibrinogen, albumin,
blood urea nitrogen, creatinine, and ICS use.

The proportional hazards assumption of the Cox models was tested using Schoenfeld residuals. Kaplan-Meier
survival curves were plotted, and differences in survival between groups were compared using the log-rank test.
Multiple imputation was used to handle missing covariate data.

To evaluate the consistency of the association across different subgroups, subgroup analyses were performed
according to sex, age (<65 years, >65 years), smoking status (never, former, current), presence or absence of chronic
bronchitis, presence or absence of coronary heart disease, and ICS use.

PSM and multiple propensity score-based methods were employed to control for confounding bias. Matching
variables included sex, age, height, weight, smoking status, pack-years, hypertension, diabetes, chronic bronchitis,
coronary heart disease, platelet count, D-dimer, fibrinogen, albumin, blood urea nitrogen, creatinine, and ICS use.
A caliper of 0.2 was used for 1:1 nearest-neighbor matching, and a standardized mean difference (SMD) <0.2 was
considered to indicate adequate balance between groups. The discriminative ability of the PSM model was evaluated
using receiver operating characteristic (ROC) curve analysis. To further validate the robustness of the results, we applied
inverse probability of treatment weighting (IPTW), standardized mortality ratio weighting (SMRW), propensity score
adjusted weighting (PSAW), and overlap weighting (OW).2%*!

Traditionally, when regression analysis or propensity score models are used to estimate causal effects, unbiased
estimates are obtained only when both statistical models are correctly specified. Doubly robust analysis combines
a multivariable regression model with a propensity score model to estimate the association and causal effect of exposure
on outcome, thereby yielding unbiased effect estimates. Therefore, to ensure the accuracy of our results, we further
confirmed the association between emphysema and readmission risk using doubly robust analysis.**
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Figure 1 Comparison of the proportion of emphysema and non-emphysema patients and the |-year readmission rate before (A) and after (B) propensity score matching
(PSM).

To assess the sensitivity of our results to potential unmeasured confounding, we calculated E-values. All statistical
analyses were performed using R software (version 4.2.2, R Foundation for Statistical Computing, Vienna, Austria) and
Free Statistics data analysis platform (Beijing, China). A two-sided P-value <0.05 was considered statistically significant.

Results

A total of 875 patients with AECOPD were included in the analysis, of whom 675 (77.1%) were in the emphysema group
and 200 (22.9%) in the non-emphysema group. After PSM, 171 pairs of patients were successfully matched, and baseline
characteristics were well balanced between the two groups (Figure 1). After matching, the SMDs for all covariates were
<0.2, except for chronic bronchitis and albumin, which still showed some differences (SMD = 0.244 and 0.248,
respectively) (Table 1). ROC curve analysis showed that the area under the curve (AUC) of the PSM model was
77.9%, indicating good discriminative ability of the matching variables for group allocation (Figure 2).

Table | Participant Characteristics by Emphysema Groups Before and After Propensity Score Matching (PSM)

Characteristics Before Propensity Score After Propensity Score

Non- Emphysema SMD Non- Emphysema SMD

Emphysema Emphysema
Sample size, N 200 675 171 171
Sex, male. n (%) 103 (51.5) 158 (23.4) 0.607 75 (43.9) 89 (52.0) 0.164
Age, year, mean (SD) 72.20 (9.72) 72.85 (9.28) 0.068 72.26 (9.94) 72.93 (9.90) 0.068
Height, cm, mean (SD) 157.29 (8.40) 160.66 (7.98) 0411 158.15 (8.54) 157.25 (8.31) 0.108
Weight, Kg, mean (SD) 58.71 (12.00) 56.36 (11.56) 0.199 58.02 (12.09) 58.75 (12.74) 0.059
Smoking status, n (%) 0.599 0.149
Never 125 (62.5) 230 (34.1) 97 (56.7) 109 (63.7)
Former 27 (13.5) 185 (27.4) 26 (15.2) 20 (11.7)
Current 48 (24.0) 260 (38.5) 48 (28.1) 42 (24.6)
Pack-year, mean (SD) 12.46 (20.11) 23.50 (24.64) 0.491 14.34 (20.97) 13.49 (20.86) 0.041
Hypertension, Yes. n (%) 80 (40.0) 222 (32.9) 0.148 64 (37.4) 70 (40.9) 0.072
Diabetes, Yes. n (%) 25 (12.5) 65 (9.6) 0.092 20 (11.7) 17 (9.9) 0.057
Bronchitis, Yes. n (%) 102 (51.0) 116 (17.2) 0.764 73 (42.7) 53 (31.0) 0.244
(Continued)
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Table | (Continued).

Characteristics

Before Propensity Score

After Propensity Score

Non- Emphysema SMD Non- Emphysema SMD
Emphysema Emphysema

Coronary heart disease, Yes. n (%) 61 (30.5) 160 (23.7) 0.153 48 (28.1) 59 (34.5) 0.139
Platelet, 1079/L. mean (SD) 224.12 (79.46) 230.16 (90.27) | 0.071 223.50 (81.56) 231.79 (87.81) | 0.098
D-Dimer, ng/mL. mean (SD) 553.95 (1076.04) 617.59 (1302.05) | 0.053 604.92 (1153.93) 688.61 (1445.74) | 0.064
Fibrinogen, g/L. mean (SD) 3.48 (1.18) 3.61 (251) 0.067 3.55 (1.24) 341 (1.21) 0.117
Albumin, g/L. mean (SD) 38.95 (4.38) 37.59 (4.63) 0.301 38.47 (4.33) 37.39 (441) 0.248
Blood Urea Nitrogen, mmol/L. mean (SD) 5.95 (2.77) 6.05 (3.02) 0.036 6.05 (2.88) 5.88 (3.3¢) 0.056
Creatinine, mmol/L. mean (SD) 84.00 (48.97) 81.14 (43.51) 0.062 84.77 (50.54) 80.33 (64.24) 0.077
Inhaled corticosteroid use, Yes. n (%) 108 (54.0) 414 (61.3) 0.149 93 (54.4) 92 (53.8) 0.012

Abbreviation: SMD, standardized mean differences.

During the 1-year follow-up period, 302 patients (34.5%) experienced readmission due to acute exacerbation. Cox

regression analysis showed that in the unadjusted model, the risk of readmission was significantly higher in the

emphysema group than in the non-emphysema group (HR = 1.84, 95% CI: 1.34-2.52, P < 0.001). After stepwise
adjustment for confounders, the association remained robust (Model 3: HR = 1.64, 95% CI: 1.17-2.32, P = 0.005)
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Figure 2 Receiver operating characteristic (ROC) curve for readmission.
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Table 2 Associations Between Emphysema and the Outcome in the Crude Analysis,
Multivariable Analysis, and Propensity-Score Analyses

Analysis HR of Emphysema | 95% CI p value
Crude Model 1.84 1.34-2.52 | <0.001
Model | 1.71 1.24-2.38 0.001
Model 2 1.72 1.22-2.42 0.002
Model 3 1.64 1.17-2.32 0.005
With Matching 1.81 1.22-2.68 0.003
With Inverse Probability weighting 1.61 1.19-2.19 0.027
With Standardized Mortality Ratio weighting 1.56 1.16-2.11 0.065
With Propensity Score Adjusted weighting 1.74 1.16-2.6 0.002
With Overlap weighting 1.7 1.06-2.72 0.003
Doubly Robust Analysis 1.77 1.17-2.66 0.006

Notes: Model |, Adjusted for sex, age, height, weight. Model 2, Adjusted for sex, age, height, weight, smoking
status, pack-year, hypertension, diabetes, bronchitis, coronary heart disease. Model 3, Adjusted for sex, age,
height, weight, smoking status, pack-year, hypertension, diabetes, bronchitis, coronary heart disease, platelet,
D-Dimer, fibrinogen, albumin, blood urea nitrogen, creatinine, inhaled corticosteroid use.

(Table 2). After PSM, the HR for the association between emphysema and readmission risk was 1.81 (95% CI: 1.22—
2.68, P = 0.003). Using multiple-weighting methods (IPTW, SMRW, PSAW, and OW), the effect estimates remained
consistent. The doubly robust analysis also yielded a stable result (HR = 1.77, 95% CI: 1.17-2.66, P = 0.006) (Table 2).
E-value analysis showed that the minimum strength of association that an unmeasured confounder would need to have
with both exposure and outcome to explain away the observed effect was 2.33, suggesting that the results were robust to
potential unmeasured confounding (Supplemental Figure S2).

The Schoenfeld residual test indicated that the proportional hazards assumption was satisfied in all models
(Supplemental Figure S3). Kaplan-Meier survival curves showed that the readmission-free survival rate was significantly

lower in the emphysema group than in the non-emphysema group, both before and after PSM (Figure 3) (log-rank

P < 0.05).
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Figure 3 Kaplan-Meier survival curve of readmission for patients with AECOPD before (A) and after (B) propensity score matching (PSM).
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Forest plots displayed the results of subgroup analyses (Figure 4). Subgroup analyses before matching showed that
the association between emphysema and readmission risk was more pronounced in males (HR = 1.79), patients aged >65
years (HR = 1.59), those with chronic bronchitis (HR = 2.22), those with coronary heart disease (HR = 1.97), and those
not using ICS (HR = 2.21). However, no significant interactions were observed across subgroups (all interaction P >
0.05) (Table 3). Subgroup analyses after matching yielded generally similar results. Notably, in the subgroup not using
ICS, the association between emphysema and readmission risk was further strengthened (HR = 3.31, 95% CI: 1.59-6.86,
P = 0.001), with an interaction P-value of 0.03, suggesting that ICS use appeared to modify the association between
emphysema and readmission in patients with emphysema (Table 4). All subgroup analyses, especially those conducted in
the smaller post-matching cohort, should be considered exploratory and hypothesis-generating. Estimates in subgroups
with limited sample sizes are inherently unstable and should be interpreted with caution.

Discussion

This study, based on real-world clinical data and employing PSM and multiple-weighting methods, systematically
evaluated the association between the emphysema phenotype and the risk of acute exacerbation-related readmission
within one year after discharge in patients with AECOPD. The results showed that the risk of one year readmission was
significantly higher in patients with emphysema than in those without emphysema.

Previous studies on the association between emphysema and readmission risk in COPD patients have yielded
inconsistent findings. Some studies have demonstrated a significant association between the emphysema phenotype
and readmission risk. Cerezo Lajas et al compared patients with high-frequency readmission (>2 times within 30 days)
and those with low-frequency readmission (0—1 time) and found that the proportion of the emphysema phenotype was
higher in the high-frequency readmission group, with a significantly increased readmission risk in patients with the
emphysema phenotype.>® Similarly, Andres Gimenez Velando et al reported that among patients readmitted within 1
month and 3 months after discharge, the proportion of the exacerbator with emphysema phenotype was significantly
higher than that in the non-readmission group, further supporting the association between emphysema and readmission.**
However, other studies have not found an independent association of emphysema. A systematic review by Njoku et al'
which included 57 studies from 30 countries, explicitly noted that the reported factors associated with readmission varied
across studies, and that this variation may reflect differences in regional healthcare environments, accessibility of
community services, and patient population characteristics. The review pointed out that risk factors for COPD-related
readmission “cannot be generalised”, and that interventions should be tailored to the local healthcare context. Moreover,
a meta-analysis in Asian populations showed that although factors such as smoking history, pulmonary heart disease,
nutritional disorders, male sex, and multiple prior hospitalizations significantly increased readmission risk,'¢ the
conclusions regarding emphysema itself as an independent risk factor remained heterogeneous across studies. These
discrepancies may arise from heterogeneity in study design, including differences in patient selection criteria, sample
size, degree of control for confounders, follow-up duration, and outcome definitions. The present study addressed
baseline differences between groups through PSM and validated the robustness of the results using multiple propensity
score-based weighting methods, thereby partially remedying the limitations of previous studies.

The biological mechanisms linking emphysema to increased readmission risk are multifactorial. Emphysema is
characterized by irreversible parenchymal destruction, persistent airway inflammation, and reduced physiological
reserve, which collectively lower the threshold for exacerbations triggered by respiratory infections or air
pollution.”>° Recent proteomic evidence further suggests that patients with emphysema-predominant COPD exhibit
distinct molecular profiles involving immune regulatory mediators and extracellular matrix remodeling pathways, which
may sustain a higher baseline inflammatory state even after resolution of acute exacerbations.”’*® In addition, respiratory
muscle dysfunction and malnutrition, which are common in patients with emphysema, may delay post-discharge recovery
and contribute to the risk of recurrent events.?**°

A notable finding of this study was the significant effect modification by ICS use on the association between
emphysema and readmission risk (interaction P = 0.03). In the subgroup of patients not using ICS, emphysema was
associated with a markedly higher readmission risk (HR = 3.31, 95% CI: 1.59-6.86, P = 0.001), whereas no significant
association was observed among ICS users (HR = 1.26, 95% CI: 0.73-2.17, P = 0.400). This pattern suggests that ICS
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Figure 4 Subgroup analysis
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Table 3 Subgroup Analysis Before Propensity Score Matching (PSM)

Subgroup Variable No. Event (%) Crude Model Adjusted Model P for Interaction
HR (95% CI) p value HR (95% CI) p value
Sex
Male Non-emphysema 97 21 (21.6) | (Reference) | (Reference) 0.667
Emphysema 517 | 201 (38.9) 1.99 (1.27~3.12) 0.003 1.79 (1.11~2.88) 0.017
Female Non-emphysema 103 25 (24.3) I (Reference) I (Reference)
Emphysema 158 | 55 (34.8) 1.57 (0.98~2.52) 0.062 1.6 (0.95~2.72) 0.079
Age, year 0.578
<65 Non-emphysema 40 6 (I5) | (Reference) I (Reference)
Emphysema 119 | 37 31.1) 229 (0.97~5.43) 0.06 | 2.12 (0.79~5.69) 0.137
2 65 Non-emphysema 160 40 (25) | (Reference) | (Reference)
Emphysema 556 | 219 (39.4) 1.77 (1.26~2.47) 0.001 1.59 (1.1~2.3) 0.014
Smoking status 0.815
Never Non-emphysema 125 30 (24) | (Reference) I (Reference)
Emphysema 230 | 80 (34.8) 1.57 (1.03~2.39) 0.035 1.5 (0.95~2.36) 0.084
Former Non-emphysema 27 | 6(222) I (Reference) I (Reference)
Emphysema 185 | 86 (46.5) 2.32 (1.01~5.31) 0.047 1.94 (0.8~4.71) 0.14
Current Non-emphysema 48 10 (20.8) I (Reference) I (Reference)
Emphysema 260 | 90 (34.6) 1.86 (0.97~3.58) 0.062 | 2.05 (1.01~4.15) 0.047
Bronchitis 0.858
No Non-emphysema 98 23 (23.5) I (Reference) I (Reference)
Emphysema 559 | 211 (37.7) 1.77 (1.15~2.72) 0.009 1.6 (1.03~2.5) 0.038
Yes Non-emphysema 102 23 (22.5) | (Reference) I (Reference)
Emphysema 116 | 45 (38.8) 1.99 (1.2~3.29) 0.007 | 2.22 (1.23~4) 0.008
Coronary heart disease 0.789
No Non-emphysema 139 30 (21.6) | (Reference) | (Reference)
Emphysema 515 189 (36.7) 1.87 (1.27~2.74) 0.001 1.47 (0.96~2.25) 0.075
Yes Non-emphysema 6l 16 (26.2) I (Reference) I (Reference)
Emphysema 160 | 67 (41.9) 1.9 (1.1~3.29) 0.021 1.97 (1.06~3.66) 0.033
Inhaled corticosteroid use 0.988
No Non-emphysema 92 17 (18.5) | (Reference) | (Reference)
Emphysema 261 77 (29.5) 1.77 (1.05~3) 0.033 | 2.21 (1.21~4.03) 0.01
Yes Non-emphysema 108 29 (26.9) I (Reference) | (Reference)
Emphysema 414 179 (43.2) 1.79 (1.21~2.65) 0.004 1.4 (0.91~2.16) 0.122
Table 4 Subgroup Analysis After Propensity Score Matching (PSM)
Subgroup Variable No. Event (%) Crude Model Adjusted Model P for Interaction
HR (95% CI) p value HR (95% CI) p value
Sex 0.501
Male Non-emphysema 96 21 (21.9) I (Reference) I (Reference)
Emphysema 82 | 33 (40.2) 2.09 (1.21~3.62) 0.008 | 2.14 (1.2~3.8) 0.01
Female Non-emphysema 75 19 (25.3) I (Reference) I (Reference)
Emphysema 89 | 32 (36) 1.54 (0.87~2.72) 0.135 1.46 (0.79~2.7) 0.227
Age, year 0.874
<65 Non-emphysema 34 6 (17.6) | (Reference) | (Reference)
Emphysema 33 | 9(27.3) 1.69 (0.6~4.76) 0319 1.09 (0.26~4.6) 0.905
2 65 Non-emphysema 137 | 34 (24.8) I (Reference) I (Reference)
Emphysema 138 | 56 (40.6) 1.84 (1.2~2.82) 0.005 1.83 (1.18~2.83) 0.007
(Continued)
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Table 4 (Continued).

Subgroup Variable No. Event (%) Crude Model Adjusted Model P for Interaction
HR (95% CI) p value HR (95% CI) p value
Smoking status 0.452
Never Non-emphysema 97 25 (25.8) | (Reference) | (Reference)
Emphysema 109 | 39 (35.8) 1.5 (0.91~2.48) 0.114 1.4 (0.84~2.36) 0.2
Former Non-emphysema 26 5(19.2) I (Reference) I (Reference)
Emphysema 20 10 (50) 2.83 (0.96~8.28) 0.058 13.36 (2.24~79.8) 0.004
Current Non-emphysema 48 10 (20.8) | (Reference) I (Reference)
Emphysema 42 16 (38.1) 2.17 (0.98~4.79) 0.055 | 2.63 (0.97~7.11) 0.057
Bronchitis 0.424
No Non-emphysema 98 23 (23.5) I (Reference) I (Reference)
Emphysema 118 | 42 (35.6) 1.64 (0.99~2.73) 0.056 1.61 (0.95~2.72) 0.075
Yes Non-emphysema 73 17 (23.3) I (Reference) I (Reference)
Emphysema 53 | 23 (434) 2.2 (1.18~4.13) 0.014 | 2.78 (1.32~5.87) 0.007
Coronary heart disease 0.754
No Non-emphysema 123 27 (22) | (Reference) | (Reference)
Emphysema 112 | 41 (36.6) 1.81 (1.11~2.95) 0.016 1.68 (1~2.81) 0.05
Yes Non-emphysema 48 13 (27.1) I (Reference) I (Reference)
Emphysema 59 | 24 (40.7) 1.76 (0.9~3.47) 0.1 2.12 (1~4.52) 0.05
Inhaled corticosteroid use 0.03
No Non-emphysema 78 13 (16.7) I (Reference) I (Reference)
Emphysema 79 | 32 (40.5) 3 (1.57~5.73) 0.001 331 (1.59~6.86) 0.001
Yes Non-emphysema 93 27 (29) | (Reference) | (Reference)
Emphysema 92 | 33 (359 1.26 (0.76~2.1) 0.365 1.26 (0.73~2.17) 0.4

Notes: Hazard ratios represent the association between emphysema and readmission risk within each subgroup. They do not represent the independent effects of the
stratification variables.

therapy may mitigate the excess readmission risk conferred by the emphysema phenotype. Several mechanisms may
explain this effect modification. First, ICS have well-established anti-inflammatory effects, reducing airway and
parenchymal inflammation that is persistently elevated in emphysema patients.?’*! Second, ICS reduce the frequency
of moderate-to-severe exacerbations, which may directly lower readmission risk.> Third, the differential response to ICS
between emphysema and non-emphysema patients may reflect underlying molecular heterogeneity, as suggested by
recent proteomic studies identifying distinct inflammatory pathways in emphysema-predominant COPD.*

This study provides an imaging phenotype-based quantitative basis for risk stratification in patients with AECOPD.
Emphysema, as a clearly identifiable phenotypic feature on chest CT, may assist in the early clinical identification of
patients at high risk for readmission. Based on the findings of this study, the following strategies may be considered in
clinical practice: performing chest CT imaging assessment in patients with AECOPD to evaluate the presence and
severity of emphysema; strengthening post-discharge follow-up management for patients with emphysema, particularly
those not using ICS or those with comorbid chronic bronchitis or coronary heart disease; and considering the emphysema
phenotype as a reference factor in ICS clinical decision-making when formulating inhaled treatment regimens. The
clinical value of these strategies needs to be further validated by prospective interventional studies.

The main strengths of this study include: first, the use of real-world clinical data with a relatively large sample size,
providing adequate representativeness; second, the application of PSM, multiple propensity score-based weighting
methods, and doubly robust analysis to control for confounding, thereby enhancing the reliability of the results; third,
systematic subgroup analyses to identify potential effect modifiers; and fourth, the use of E-value analysis to assess the
potential impact of unmeasured confounding, which improved the robustness of the conclusions.

This study also has several limitations. First, and most importantly, COPD severity indicators, including GOLD stage,
spirometric indices (FEV1% predicted), symptom scores, and prior exacerbation history, were not systematically

available in our dataset. Because emphysema phenotype is closely correlated with underlying COPD severity, the
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observed association between emphysema and readmission risk may be partly attributable to residual confounding by
unmeasured disease severity. The E-value analysis provides some quantitative context for the robustness of the findings,
but future studies incorporating comprehensive severity measures are essential to validate these results. Second, the
assessment of emphysema was based on visual evaluation of imaging reports rather than quantitative CT analysis, which
may introduce some degree of classification bias. Furthermore, specific emphysema subtypes were not systematically
reported and could not be examined. Third, follow-up data were derived from electronic medical records, which may be
subject to loss to follow-up or incomplete documentation, potentially leading to information bias in outcome ascertain-
ment. Fourth, the assessment of ICS use was based on medication records during hospitalization without data on acute
systemic corticosteroid or antibiotic use, other inhaled therapies (such as Long-Acting Muscarinic Antagonists, Long-
Acting Beta2-Agonists, or triple therapy), discharge prescriptions, or post-discharge adherence and persistence, which
may have introduced bias in the estimation of effect modification. Fifth, although readmissions were tracked through both
the index hospital’s records and the Chongqing municipal medical record system (covering public hospitals), admissions
to private or out-of-city hospitals may have been missed, potentially underestimating the true readmission rate.

Conclusion

In this real-world study, the emphysema phenotype was associated with a higher risk of acute exacerbation-related
readmission within 1-year after discharge in patients with AECOPD, and this association remained consistent across
multivariable adjustment, PSM, and multiple propensity score-based weighting methods. However, given the single--
center design, potential for residual confounding by unmeasured COPD severity, and incomplete clinical and pharma-
cological data, these findings should be interpreted cautiously. Future prospective, multicenter studies incorporating
comprehensive clinical variables are needed to validate these results and explore their clinical translation pathways.
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