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Objective: Acute exacerbations of chronic obstructive pulmonary disease (COPD) are a major cause of hospitalization and read-
mission, severely impacting patients’ quality of life and long-term prognosis. This study aimed to identify risk factors for both 30-day
and frequent readmissions within one year following hospitalization for an acute exacerbation of COPD.

Methods: We conducted a retrospective analysis of 1,208 patients hospitalized for acute COPD exacerbations. Patients were
categorized based on readmission within 30 days or multiple readmissions in the subsequent year. Univariate and multivariate logistic
regression analyses were employed to identify independent risk factors. A predictive nomogram model was developed and internally
validated using bootstrapping techniques.

Results: For 30-day readmissions, age was identified as an independent risk factor (OR=1.044, 95% CI: 1.008-1.081). For frequent
one-year readmissions, multivariate analysis revealed age (OR=1.025, 95% CI: 1.008-1.042) and Anthonisen classification Type I/II
(OR=1.556, 95% CI: 1.021-2.369) as independent risk factors, while creatine kinase (CK) acted as a protective factor (OR=0.998,
95% CI: 0.996—1.000). The nomogram demonstrated good predictive performance, with a C-index of 0.730 and an AUC of 0.730 upon
internal validation.

Conclusion: This study identifies age and Anthonisen classification as key risk factors, and CK as a protective factor for readmissions
in COPD patients following acute exacerbation. The validated nomogram provides a practical clinical tool for predicting readmission
risks, enabling early identification of high-risk patients during hospitalization or at discharge. This risk stratification approach can
facilitate implementation of personalized management strategies, such as intensified follow-up or targeted interventions, to reduce
readmission rates and improve patient outcomes.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major global health burden, ranking as the third leading cause of
death worldwide with nearly 4 million annual deaths.' Its prevalence continues to rise, particularly in low- and middle-
income countries due to factors such as pollution and limited healthcare access.”” Acute exacerbations of COPD
(AECOPD) are critical events that drive hospitalizations, accelerate disease progression, and increase mortality.*>
These exacerbations also lead to high rates of readmission,*’ which further strain healthcare systems and impair patients’
quality of life.® Despite the clinical significance of readmissions, risk factors for short-term and frequent long-term
readmissions remain inadequately characterized.”'® This study aims to identify key risk factors for 30-day and one-year
readmissions in COPD patients following AECOPD, addressing a crucial gap in optimizing post-discharge management
and reducing readmission rates.
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The Global Initiative for Chronic Obstructive Lung Disease (GOLD) report identifies acute exacerbations of COPD
(AECOPD) as the leading cause of hospitalization in COPD patients, with readmission rates serving as a critical
prognostic indicator.'" Elevated readmission rates not only adversely affect patient health but also impose significant
economic burdens on families and society, highlighting a major challenge for healthcare systems worldwide, particularly
in resource-constrained settings.'>'* Previous studies have identified various factors associated with COPD readmissions,
including exacerbation severity, comorbid conditions, patient lifestyle, and treatment adherence.'*!'> For instance,
reported effect sizes include hazard ratios (HRs) of 1.2-2.5 for comorbidities such as cardiovascular disease and odds
ratios (ORs) of 1.1-1.7 for inadequate therapy compliance. However, these studies often exhibit limitations, such as
heterogeneous methodologies, small sample sizes, or insufficient adjustment for confounders, leading to inconsistent
findings and gaps in generalizability. This underscores the need for robust, large-scale analyses to validate and extend
prior work. With the aging population and escalating environmental pollution, COPD incidence and readmission rates
have surged, posing substantial clinical and health system challenges.'®'” Frequent readmissions within 30 days and
1 year are of particular concern, with rates reaching 20%-30% within 30 days and approximately one-third of patients
readmitted within a year due to recurrent exacerbations.'®!” These high rates reflect deficiencies in disease management
and are associated with poorer patient outcomes, including functional decline, reduced quality of life, and increased
mortality risk. The clinical and health system implications of frequent readmissions are profound. From a clinical
perspective, readmissions often signal disease deterioration and worse long-term prognosis, necessitating targeted
interventions. For health systems, they contribute to rising costs and resource allocation inefficiencies. Although the
use of 30-day readmission as a universal indicator has been debated—criticized for potential biases related to patient
demographics or healthcare access—it remains a valuable metric for evaluating care quality and prognostic outcomes in
COPD management, given its ability to capture early post-discharge vulnerabilities. Therefore, a comprehensive under-
standing of the risk factors for 30-day and one-year readmissions following AECOPD is essential to develop effective
strategies for reducing readmission rates, improving patient outcomes, and optimizing healthcare resource allocation.
This study aims to address limitations of prior research by identifying and validating these risk factors through a large,
multicenter cohort, thereby advancing the field and informing clinical practice.

A growing body of research has identified several risk factors that influence readmission rates following acute
exacerbations of COPD. First, the burden of comorbidities plays a significant role in determining the prognosis after an
acute exacerbation. Chronic conditions, particularly cardiovascular diseases, diabetes, and hypertension, have consis-
tently been identified as independent risk factors for readmission in COPD patients.'®'" Moreover, the degree of lung
function impairment is a critical predictor of readmission risk. Specifically, a lower forced expiratory volume in
one second to forced vital capacity (FEV1/FVC) ratio is strongly associated with higher readmission rates.”° In addition,
the etiology and management of acute exacerbations have a direct impact on hospitalization and readmission risks.
Infectious agents, particularly bacterial and viral infections of the lower respiratory tract, are common triggers of
exacerbations in COPD.?' Patients experiencing infectious exacerbations, especially those requiring mechanical ventila-
tion, face a significantly increased risk of both short-term and long-term readmissions.

While numerous clinical studies have highlighted the heightened risk of readmission in COPD patients, specific
strategies for effectively predicting and preventing readmissions after AECOPD remain underdeveloped. In clinical
practice, factors such as age, gender, smoking history, comorbid conditions, and lung function are commonly considered
to correlate with readmission risk. However, the complex interactions among these factors and their precise influence on
readmission risk in COPD patients have not been fully elucidated. Therefore, this study seeks to explore the underlying
mechanisms and risk factors contributing to readmissions after AECOPD, identify more nuanced predictive indicators,
and develop enhanced predictive tools and intervention strategies to improve clinical management and patient outcomes.

Methods and Materials
Study Population

This retrospective cohort study included 1,208 patients hospitalized for acute exacerbations of chronic obstructive
pulmonary disease (AECOPD) between January 2018 and December 2022. The study was conducted in accordance
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with the Declaration of Helsinki. The initial admission was defined as the first hospitalization for AECOPD during the
study period. Patients with previous COPD-related hospitalizations were excluded.

Participants met the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria for COPD and were
diagnosed with AECOPD upon hospitalization 1,2. The study population was stratified into two cohorts: those with
readmission within 30 days post-discharge (n=52, 4.3%) and those with frequent readmissions (>2) within one year.

The study received approval from the Ethics Committee of Beijing Luhe Hospital, Capital Medical University
(Approval No: 2020-LHKY-014-03). Informed consent was waived due to the retrospective nature of the study using
anonymized data.

Inclusion Criteria
First hospitalization for AECOPD
Complete clinical and laboratory data

Exclusion Criteria

Planned readmissions (eg, for cancer care, rehabilitation, psychiatric conditions, or obstetric procedures)
Severe mental disorders or cognitive impairments
Hospital stay <24 hours
Missing data

Data Collection
Clinical data were extracted from electronic medical records, including:
Demographics (gender, age)
Medical history (COPD duration, comorbidities)
Laboratory tests (first values within 24 hours of admission): total protein, albumin, ALT, CK, GLU, pH
Imaging findings (chest CT)
Echocardiography (right ventricular enlargement)
Readmission Definitions:
30-day readmission: unplanned readmission within 30 days post-discharge
Frequent readmission: >2 unplanned readmissions within one year
Continuous laboratory variables were transformed into clinically meaningful categories based on reference ranges 3,4.

Statistical Analysis
Statistical analyses were performed using SPSS 26.0 and R 4.2.0. Continuous variables were expressed as mean + SD or
median (IQR), and compared using t-tests or Mann—Whitney U-tests. Categorical variables were expressed as frequen-
cies (%) and compared using chi-square or Fisher’s exact tests.

To address class imbalance in 30-day readmissions, we performed both standard logistic regression and sensitivity
analysis with SMOTE oversampling 5. Multivariate logistic regression identified independent risk factors. All tests were
two-tailed with p<0.05 considered significant.

Risk Prediction Model Development

Based on the results of multivariate logistic regression analysis, a nomogram risk model was constructed to predict the
likelihood of 30-day and frequent readmissions in COPD patients following acute exacerbations. Independent risk factors
(eg, age, COPD duration, total protein, albumin, Anthonisen classification, CK levels) were assigned point values
according to their respective regression coefficients. The total score for each patient was then calculated, and the
readmission risk was predicted accordingly. The predictive performance of the model was assessed using receiver
operating characteristic (ROC) curve analysis, Harrell’s C-index, Hosmer-Lemeshow goodness-of-fit test, and internal
validation via bootstrap resampling.
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Bootstrapping Validation: To assess the stability and accuracy of the model, internal validation was performed using
1,000 iterations of bootstrap resampling. Model performance was evaluated by calculating Harrell’s C-index and the area
under the ROC curve (AUC).

Model Calibration and Validation: The goodness-of-fit of the model was further assessed using the Hosmer-
Lemeshow test and chi-square statistics. Additionally, decision curve analysis (DCA) was employed to evaluate the
clinical applicability of the prediction model.

Results

Univariate Analysis of 30-Day Readmission in Patients with Acute Exacerbation of
COPD

Among 1208 patients with acute exacerbation of chronic obstructive pulmonary disease (AECOPD), the cohort was
stratified into two groups based on the occurrence of 30-day readmission: the readmission group and the non-readmission
group. No significant differences were observed between the groups with respect to gender, CT evidence of pneumonia,
CT classification, or right ventricular enlargement (P > 0.05). However, notable differences were observed in age, total
protein, and albumin levels (P < 0.05). Specifically, the readmission group was significantly older than the non-
readmission group (P < 0.05), and had lower total protein and albumin levels (P < 0.05), as detailed in Table 1.

Table | Univariate Analysis of Factors Associated with 30-Day Rehospitalization Following Acute Exacerbation of Chronic
Obstructive Pulmonary Disease (COPD)

Characteristics Non-Readmission Readmission p-value | Statistic Method
Group Group

n 1158 50

Sex, n (%) 0.839 0.041 Chi-squared test

Female 332 (28.7%) 15 (30%)

Male 826 (71.3%) 35 (70%)

Age, median (IQR) 73 (67,79) 78 (71.25, 82) 0.005 Wilcoxon test

CT pneumonia, n (%) 0317 3.527 Yates’ correction

None 649 (64.3%) 26 (74.3%)

Left-sided 71 (7%) 1 (2.9%)

Right-sided 110 (10.9%) 1 (2.9%)

Bilateral 180 (17.8%) 7 (20%)

CT Classification, n (%) 0.499 1.390 Chi-squared test

Tracheitis type 381 (47.8%) 10 (37%)

Emphysema 191 (24%) 7 (25.9%)

Intermediate type 225 (28.2%) 10 (37%)

Left ventricular enlargement, n (%) 0.827 0.048 Yates’ correction

None 862 (89.6%) 34 (87.2%)

Present 100 (10.4%) 5 (12.8%)

Right ventricular hypertrophy, n (%) 14 (1.5%) 0 (0%) | Fisher’s test

Right ventricular enlargement, n (%) 82 (8.5%) 5 (12.8%) 0.790 1.048 Yates’ correction

Height, median (IQR) 163 (157.25, 168) 165 (160.5, 167.75) 0.691 Wilcoxon test

BMI, median (IQR) 24.87 (21.67,28.018) | 24.355 (22.708, 26.598) 0.752 Wilcoxon test

Weight (kg), mean * sd 65.587 + 13.079 65.507 + 14.677 0.982 0.022 t-test

COPD duration (years), median (IQR) 10 (5, 20) 14 (8.5, 30) 0.086 Wilcoxon test

Anthonisen Classification, n (%) 0.229 2.948 Chi-squared test

Type Il 218 (18.9%) 6 (12%)

Type Il 557 (48.2%) 30 (60%)

Type | 381 (33%) 14 (28%)

(Continued)
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Table | (Continued).

Characteristics Non-Readmission Readmission p-value | Statistic Method
Group Group
Smoking status, n (%) 0.473 1.498 Chi-squared test
Never smoked 243 (21%) 11 (22%)
Former smoker 568 (49.1%) 28 (56%)
Current smoker 346 (29.9%) 11 (22%)
White blood cell count (NOI), median (IQR) 6.83 (5.44, 8.82) 7.78 (6.0275, 9.6975) 0.071 Wilcoxon test
Eosinophil percentage (NOI), median (IQR) 1.4 (0315, 3) 1.3 (0.4, 2.55) 0.479 Wilcoxon test
Eosinophil absolute count (NOI), median (IQR) 0.1 (0.02, 0.2) 0.095 (0.015, 0.2) 0.852 Wilcoxon test
Platelet count (NOI), median (IQR) 204.5 (163, 259) 212 (168.25, 275) 0.557 Wilcoxon test
C-reactive protein (NOI), median (IQR) 9.705 (3.318, 28.433) 13.45 (4.148, 29.088) 0.451 Wilcoxon test
Total protein (NOI), median (IQR) 61.55 (57.8, 65.5) 59.35 (56.275, 62.250) 0.017 Wilcoxon test
Albumin (NOI), median (IQR) 37.6 (34.8, 40.3) 35.9 (33.675, 39.15) 0.012 Wilcoxon test
Alanine aminotransferase (NO1), median (IQR) 15 (10, 23) 11 (7.75, 25.25) 0.051 Wilcoxon test
Creatinine (NOI), median (IQR) 69 (59, 84) 72 (59, 91) 0.291 Wilcoxon test
Blood urea nitrogen (NOI), median (IQR) 5.35 (4.3, 7.0825) 5.59 (4.48, 9.245) 0.234 Wilcoxon test
Calcium (NOI), median (IQR) 2.14 (2.07, 2.22) 2.14 (2.058, 2.203) 0.441 Wilcoxon test
Phosphate (NOI), median (IQR) 1.08 (0.92, 1.24) 1.08 (0.878, 1.21) 0.673 Wilcoxon test
Lactate dehydrogenase (NOI), median (IQR) 179 (154, 210) 186 (166, 208.5) 0.282 Wilcoxon test
Creatine kinase (NOI), median (IQR) 60.5 (38, 95) 55 (34.75, 86.25) 0.355 Wilcoxon test
Triglycerides (NOI), median (IQR) 0.83 (0.63, 1.12) 0.86 (0.64, 1.13) 0.799 Wilcoxon test
Glucose (NOI), median (IQR) 5.16 (4.62, 6.1525) 5.32 (4.39, 6.35) 0.854 Wilcoxon test
pH (NOI), median (IQR) 7.44 (7.40, 7.47) 7.44 (7.40, 7.49) 0.744 —0.321 Wilcoxon
PCO2 (NOI), median (IQR) 41.8 (36.5, 51.0) 41.4 (35.1, 56.0) 0912 -0.043 Wilcoxon
PO2 (NOI), median (IQR) 82.8 (69.4, 102.2) 84.6 (71.1, 99.0) 0.826 —0.025 Wilcoxon
SO2% (NOI), median (IQR) 96.2 (93.88, 97.9) 96.1 (93.2, 97.8) 0.672 —0.119 Wilcoxon
LAC (NOI), median (IQR) 1.6 (1.2, 2.4) 1.8 (1.1, 2.3) 0.845 0.072 Wilcoxon
BE-ecf (NOI), median (IQR) 4.1 (1.6, 8.5) 4.1 (1.1, 6.8) 0.612 —0.043 Wilcoxon
AaDO2 (NOI), median (IQR) 39.75 (18.3, 71.68) 57.9 (30.5, 69.8) 0.157 1.493 Wilcoxon
FIO2 (NOI), median (IQR) 27.8 (20.9, 29.0) 29.0 (21.0, 29.0) 0.384 —0.874 Wilcoxon
PO2/FIO2 (NOI), median (IQR) 249.6 (0.0, 341.96) 263.2 (124.1, 321.5) 0.848 -0.019 Wilcoxon
pH (last), mean * SD 7.445 + 0.043 7.449 £ 0.051 0.622 —0.493 T-test
PCO?2 (last), median (IQR) 46.5 (40.2, 53.8) 43.6 (35.85, 52.35) 0.271 0.206 Wilcoxon
PO2 (last), median (IQR) 79.0 (67.1, 94.0) 77.6 (66.53, 103.2) 0.838 —0.021 Wilcoxon
SO2% (last), median (IQR) 95.6 (93.4, 97.4) 95.6 (94.13, 98.05) 0.718 —0.111 Wilcoxon
LAC (last), median (IQR) 1.5 (1.1, 2.3) 1.6 (1.15, 2.325) 0.684 0.092 Wilcoxon
BE-ecf (last), median (IQR) 8.0 (3.8, 11.9) 6.9 (2.0, 9.85) 0.223 —0.387 Wilcoxon
AaDO2 (last), median (IQR) 47.0 (25.8, 76.9) 52.6 (31.35, 76.55) 0.487 0.735 Wilcoxon
FIO2 (last), median (IQR) 29.0 (20.9, 29.0) 29.0 (24.0, 29.0) 0.592 0.102 Wilcoxon
PO2/FIO2 (last), median (IQR) 245.9 (0.0, 323.55) 252.15 (177.1, 340.75) 0.442 —0.115 Wilcoxon

Multivariate Logistic Regression Analysis of 30-Day Readmission in Patients with
Acute Exacerbation of COPD

In a multivariate logistic regression model, 30-day readmission was treated as the dependent variable, with factors
identified in the univariate analysis—age, total protein, and albumin—serving as independent variables. The analysis
revealed that age was an independent risk factor for 30-day readmission (P < 0.05), as presented in Table 2.

Univariate Analysis of Frequent Readmission in the Following Year in Patients with
Acute Exacerbation of COPD

Among the 1208 patients with AECOPD, the cohort was divided based on the frequency of readmissions in the
following year into two groups: the frequent readmission group and the non-frequent readmission group. No significant
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Table 2 Univariate and Multivariate Logistic Regression Analysis of Factors Associated with 30-Day
Rehospitalization Following Acute Exacerbation of Chronic Obstructive Pulmonary Disease (COPD)

Characteristics Total(N) Univariate Analysis Multivariate Analysis

Odds Ratio (95% CI) | P value | Odds Ratio (95% CI) | P value

Age 1,207 1,047 (1.012-1.083) 0.007 1.044 (1.008-1.081) 0015
Total protein (NOI) | 1,136 0.958 (0.918-0.982) 0.046 0.978 (0.917-1.042) 0.484
Albumin (NOI) 1,136 0.937 (0.882-0.995) 0.033 0.974 (0.890-1.067) 0.573

differences were noted between the groups regarding gender, CT evidence of pneumonia, CT classification, right
ventricular enlargement, or other variables (P > 0.05). However, significant differences were found in age, COPD
duration, Anthonisen classification, alanine aminotransferase (ALT), creatine kinase (CK), glucose (GLU), and pH levels
(P < 0.05). Specifically, the frequent readmission group was older, had a longer COPD duration, and exhibited a higher
proportion of Anthonisen Type 1 and Type 2 classifications compared to the non-frequent readmission group (P < 0.05).
Conversely, the frequent readmission group had lower ALT, CK, GLU, and pH levels compared to the non-frequent
readmission group (P < 0.05), as shown in Table 3.

Table 3 Univariate Analysis of Factors Associated with Frequent Rehospitalization Within One Year Following Acute
Exacerbation of Chronic Obstructive Pulmonary Disease (COPD)

Characteristics The Non-Frequent The Frequent p-value Test Method
Readmission Group Readmission Group Statistic

(n = 885) (n =323)
Sex, n (%) 0.372 0.798 Chi-squared test
Female 248 (28%) 99 (30.7%)
Male 637 (72%) 224 (69.3%)
Age, median (IQR) 73 (66, 79) 75 (69, 80) 0 Wilcoxon
CT Pneumonia, n (%) 0.997 0.049 Chi-squared test
None 500 (64.4%) 175 (65.1%)
Left-sided 54 (7%) 18 (6.7%)
Right-sided 83 (10.7%) 28 (10.4%)
Bilateral 139 (17.9%) 48 (17.8%)
CT Classification, n (%) 0.085 4.927 Chi-squared test
Tracheitis type 316 (49.5%) 75 (40.3%)
Emphysema 148 (23.2%) 50 (26.9%)
Intermediate type 174 (27.3%) 61 (32.8%)
Left Ventricular Enlargement, n (%) 73 (9.9%) 32 (12.2%) 0.301 1.069 Chi-squared test
Right Ventricular Hypertrophy, n (%) 7 (0.9%) 7 (2.7%) 0.084 2978 Yates’ correction
Right Ventricular Enlargement, n (%) 54 (7.3%) 31 (11.8%) 0.083 Fisher’s exact test
Height, median (IQR) 163 (158, 169) 163 (157, 165) 0.173 Wilcoxon
BMI, median (IQR) 24.885 (21.678, 28.035) | 24.765 (21.623, 27.59) 0.949 Wilcoxon
Weight (kg), mean + SD 65.87 + 12.809 64.667 = 14.091 0.431 0.788 T-test
COPD Duration (years), median (IQR) 10 (5, 20) 10 (7.5, 30) 0.003 Wilcoxon
Anthonisen Classification, n (%) 0.006 10.176 Chi-squared test
Type lll 181 (20.5%) 43 (13.4%)
Type Il 410 (46.4%) 177 (55%)
Type | 293 (33.1%) 102 (31.7%)
Smoking Status, n (%) 0.25 2.772 Chi-squared test
No smoking history 181 (20.5%) 73 (22.6%)
Former smoker 430 (48.6%) 166 (51.4%)
Current smoker 273 (30.9%) 84 (26%)

(Continued)
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Table 3 (Continued).

Characteristics The Non-Frequent The Frequent p-value Test Method
Readmission Group Readmission Group Statistic
(n = 885) (n =323)
White Blood Cell Count (NOI), median (IQR) 6.83 (5.47, 8.95) 6.865 (5.4275, 8.74) 0.749 Wilcoxon
Eosinophil Percentage (NOI), median (IQR) 1.4 (0.3, 3) 1.455 (0.4, 3) 0.597 Wilcoxon
Eosinophil Absolute Count (NO1), median (IQR) 0.1 (0.02, 0.2) 0.1 (0.03,0.2) 0.685 Wilcoxon
Platelet Count (NO1), median (IQR) 207 (163, 264) 201 (164, 245) 0.057 Wilcoxon
C-Reactive Protein (NOI), median (IQR) 9.995 (3.35, 28.97) 8.745 (3.243, 27.422) 0.444 Wilcoxon
Total Protein (NOI), median (IQR) 61.6 (57.8, 65.5) 60.8 (57.5, 65.3) 0.386 Wilcoxon
Albumin (NOI), median (IQR) 37.5 (34.9, 40.3) 37.5 (34.4, 40) 0.335 Wilcoxon
ALT (NOI), median (IQR) 16 (10, 23) 13 (9, 21) 0 Wilcoxon
Creatinine (NOI), median (IQR) 69 (59, 84) 69 (58, 85) 0.951 Wilcoxon
Urea Nitrogen (NOI), median (IQR) 5.34 (4.32, 6.98) 5.415 (4.163, 7.223) 0.49 Wilcoxon
Calcium (NOI), median (IQR) 2.14 (2.07, 2.22) 2.15 (2.07, 2.23) 0.396 Wilcoxon
Phosphorus (NOI), median (IQR) 1.08 (0.92, 1.23) 1.09 (0.92, 1.24) 0.321 Wilcoxon
LDH (NOI), median (IQR) 180 (155.5, 212) 177 (154, 207) 0.283 Wilcoxon
CK (NOI), median (IQR) 63 (38, 98.75) 54 (35, 87.25) 0.005 Wilcoxon
Triglycerides (NOI), median (IQR) 0.83 (0.63, 1.12) 0.82 (0.63, 1.12) 0.729 Wilcoxon
Glucose (NOI), median (IQR) 5.21 (4.68, 6.19) 5.01 (4.49, 6.0175) 0.033 Wilcoxon
pH (NOI), median (IQR) 7.443 (7.406, 7.468) 7.434 (7.3982, 7.4618) 0.042 Wilcoxon
PCO2 (last measurement), median (IQR) 45.75 (39.575, 53.65) 47.3 (39.7, 53.9) 0.701 Wilcoxon
PO2 (last measurement), median (IQR) 79.1 (67.175, 95.775) 78.6 (66.8, 92.7) 0.807 Wilcoxon
SO2 (%) (last measurement), median (IQR) 95.6 (93.2, 97.425) 95.6 (93.9, 97.3) 0813 Wilcoxon
Lactate (last measurement), median (IQR) 1.6 (1.1, 2.4) 1.5 (1.1, 2.2) 0.403 Wilcoxon
Base Excess (last measurement), median (IQR) 7.95 (3.8, 12.3) 79 (3.3, 11.2) 0.372 Wilcoxon
AaDO?2 (last measurement), median (IQR) 46.75 (26.1, 76.95) 49.4 (25.7, 76.3) 0.99 Wilcoxon
FIO2 (last measurement), median (IQR) 29 (20.9, 29) 29 (20.9, 29) 0.723 Wilcoxon
PO2/FIO2 (last measurement), median (IQR) 249.6 (0, 330.93) 238.8 (0, 315.6) 0.443 Wilcoxon

Univariate and Multivariate Logistic Regression Analysis of Frequent Readmission in

the Following Year in Patients with Acute Exacerbation of COPD

To identify factors associated with frequent readmission in the following year, both univariate and multivariate logistic

regression analyses were conducted, using age, COPD duration, Anthonisen classification, ALT, CK, GLU, and pH as

independent variables. The multivariate analysis revealed that both age and Anthonisen classification (Types 1 and 2)

were independent risk factors for frequent readmission (P < 0.05). Conversely, CK levels were found to be an

independent protective factor (P < 0.05), as detailed in Table 4.

Table 4 Univariate and Multivariate Logistic Regression Analysis of Factors Associated with Frequent Rehospitalization
Within One Year Following Acute Exacerbation of Chronic Obstructive Pulmonary Disease (COPD)

Characteristics Total(N) Univariate Analysis Multivariate Analysis
Odds Ratio (95% CI) | P value | Odds Ratio (95% CI) | P value

Age 1,207 1.027 (1.012-1.042) < 0.001 1.025 (1.008-1.042) 0.003

COPD duration (years) 1,208 1.009 (1.000-1.017) 0.046 1.006 (0.996—-1.016) 0.244

Anthonisen classification 1,206

1l 224 Reference Reference

L 982 1.671 (1.165-2.395) 0.005 1.556 (1.021-2.369) 0.040

Alanine aminotransferase (ALT) 1,136 0.996 (0.989-1.002) 0.200

Creatine kinase (CK) 1,122 0.997 (0.995-0.999) 0.008 0.998 (0.996—1.000) 0.021

Glucose (NOI) 719 0.964 (0.879-1.058) 0.442

pH (NOI) 934 0.109 (0.010-1.151) 0.133
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Development of a Nomogram Risk Model for Predicting Frequent Readmission in the

Following Year in Patients with Acute Exacerbation of COPD

Building on the results of the multivariate logistic regression analysis, a nomogram was developed to predict the likelihood
of frequent readmission in the subsequent year among patients with acute exacerbation of COPD. The model integrates
three independent risk factors, with each factor assigned a score ranging from 0 to 100. These scores are summed to derive
a total score, which is then used to calculate the individual probability of frequent readmission (Figure 1).

Validation of the Nomogram Model

To assess the reliability of the nomogram, internal validation was performed using bootstrapping with 1000 resamples.
The results yielded a Harrell C-index of 0.730, suggesting robust calibration. Additionally, the Hosmer-Lemeshow test
produced a chi-square value of 3.905 with a P-value of 0.865, further supporting the model’s predictive accuracy
(Figure 2). Receiver operating characteristic (ROC) curve analysis showed an area under the curve (AUC) of 0.730 (95%
CI: 0.698-0.762), indicating strong discriminatory power (Figure 3). Furthermore, decision curve analysis (DCA)
confirmed that the model holds substantial clinical utility (Figure 4).

Discussion

COPD is a globally prevalent and progressive respiratory condition, characterized by persistent airway obstruction that
significantly impairs pulmonary function.”** The incidence and mortality rates of COPD have been steadily increasing,
leading to a substantial deterioration in patients’ quality of life and placing a considerable burden on healthcare systems
worldwide.?* While current therapeutic strategies, including bronchodilators and inhaled corticosteroids, provide symp-
tomatic relief, they are limited in their capacity to halt disease progression, improve long-term outcomes, or reduce the
frequency of acute exacerbations. Thus, a deeper understanding of the underlying mechanisms driving COPD exacer-
bations, and the associated risk of rehospitalization, is critical for refining management strategies. Our study addresses
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Figure | Nomogram Model for Predicting Frequent Rehospitalization Within One Year Following Acute Exacerbation of Chronic Obstructive Pulmonary Disease (COPD),
Based on Multivariable Logistic Regression Analysis.
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this gap by identifying specific risk factors, such as age and Anthonisen classification, which independently predict

readmissions. These findings not only align with existing knowledge on COPD heterogeneity but also provide novel

insights into the role of biomarkers like creatine kinase in modulating readmission risks. Furthermore, the developed

nomogram model offers a practical tool for stratifying high-risk patients, thereby facilitating targeted interventions to

reduce healthcare burdens and improve long-term outcomes.
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Figure 4 Decision Curve Analysis for the Nomogram Model.

This study focuses on COPD patients who experienced acute exacerbations and assesses their subsequent risk of
rehospitalization. We analyzed clinical data from 1,208 patients collected between 2018 and 2022. Our analysis revealed
no significant differences between patients readmitted within 30 days and those who were not, with regard to gender, CT
findings of pneumonia, CT phenotyping, or right ventricular enlargement. This finding aligns with prior literature,
suggesting that traditional imaging and anatomical features may not serve as reliable predictors of early
rehospitalization.25’26 However, notable differences were observed in age, total protein, and albumin levels between
the two groups. Multivariable logistic regression identified age as an independent risk factor for rehospitalization within
30 days. The link between age and rehospitalization risk has been well-documented in previous studies, with older
patients often presenting with comorbidities, impaired immune function, and a diminished capacity to recover from acute
exacerbations, all of which elevate their risk of early readmission.?”-*® Our data confirm that patients readmitted within
30 days were significantly older, a result consistent with clinical experience. Furthermore, low levels of total protein and
albumin were associated with an increased risk of rehospitalization, supporting findings from existing research. These
markers are crucial indicators of nutritional status and systemic inflammation, and their reduction is frequently associated
with malnutrition, ongoing inflammation, or disease progression.?*** Hypoalbuminemia, in particular, is a common
consequence following acute COPD exacerbations and is strongly linked to poor prognosis.®'~** Consequently, monitor-
ing these biochemical markers could provide valuable insights into the development of early intervention strategies.

When assessing risk factors for frequent rehospitalization over the following year, our study identified significant
differences in variables including age, disease duration, Anthonisen phenotyping, and levels of ALT, CK, glucose (GLU),
and pH. Through multivariable logistic regression, age, disease duration, and Anthonisen phenotyping (Type 1/2) were
confirmed as independent risk factors for frequent rehospitalization, while elevated creatine kinase (CK) levels emerged
as a protective factor. In contrast, variables such as ALT, GLU, and pH, which showed significance in univariate
analyses, should be interpreted as correlated factors rather than independent predictors due to potential confounding
effects. The relationship between age and frequent rehospitalization was further substantiated in our analysis, with each
additional year of age associated with an approximate 2.5% increase in risk. This finding aligns with prior studies
reporting a 3.5% annual increase in readmission risk, though the slight discrepancy may be attributed to differences in
population demographics, ethnic backgrounds, or healthcare access.®'** Elderly COPD patients often experience multi-
ple comorbidities, diminished lung function, and a higher mortality rate, making age a critical determinant of
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rehospitalization risk following acute exacerbations. Similarly, disease duration emerged as a significant independent
factor,®® with longer durations correlating with more severe lung function impairment and reduced tolerance to acute
exacerbations, thereby increasing rehospitalization likelihood.*® In our cohort, patients with frequent rehospitalizations
had a longer disease duration, indicating that a protracted disease course likely confers higher disease burden and poorer
control. The Anthonisen classification, which categorizes acute COPD exacerbations into three types, was also predictive
of rehospitalization risk.>* Our results showed that the frequent rehospitalization group had a higher proportion of Types
1 and 2 exacerbations, suggesting these types may be associated with more complex clinical courses and worse
outcomes. This is consistent with previous research highlighting the role of exacerbation severity in driving readmissions,
though variations in effect sizes across studies may reflect differences in patient populations or healthcare settings.
Biochemical markers such as ALT, CK, GLU, and pH levels were significantly correlated with frequent rehospitalization
in univariate analyses. Low ALT and CK levels may indicate liver and muscle dysfunction, respectively, while decreased
glucose and pH levels suggest metabolic derangements, which could contribute to increased exacerbation risk.>**> For
instance, reduced CK levels might reflect muscle wasting, a known prognostic factor in COPD, whereas alterations in
glucose and pH could signal systemic inflammation or acid-base imbalances. Although these biomarkers showed
predictive value, their independent contribution requires further validation in multivariate settings with adjustment for
confounders such as comorbidities and nutritional status. Using multivariable logistic regression, we developed
a nomogram-based predictive model incorporating age, Anthonisen classification, and CK levels to assess the likelihood
of frequent rehospitalization in the year following an acute COPD exacerbation. The model demonstrated good internal
validation performance (C-index = 0.730, AUC = 0.730). For clinical application, healthcare providers can input
individual patient characteristics (eg, age, exacerbation type, CK level) into the nomogram to generate a personalized
risk score, facilitating early intervention and resource allocation for high-risk subgroups. However, further external
validation is necessary before widespread implementation. It is important to note that current therapeutic strategies,
including bronchodilators and inhaled corticosteroids, remain central to COPD management by providing symptomatic
relief and reducing exacerbation frequency in certain populations 36. Our study does not seek to diminish their role but
rather to complement existing approaches by identifying novel risk factors for targeted prevention.

This study is subject to several limitations. The retrospective design, while offering a large sample size, does not account
for potential confounders that may have influenced the results, which could affect the accuracy and generalizability of the
findings. Additionally, the lack of multicenter validation restricts the broader applicability of our conclusions. Variability
within the dataset may have also impacted the precision of the analyses. Lastly, the absence of wet-lab data for certain
biomarkers may have constrained the depth of our understanding of patient outcomes. Future research should focus on
prospective, multicenter studies to further validate and expand upon the findings of this investigation.

Conclusions

In conclusion, this study provides a systematic evaluation of risk factors for rehospitalization within 30 days and frequent
rehospitalization within the subsequent year following acute exacerbations of COPD. Age, total protein, albumin, disease
duration, and Anthonisen classification were identified as key predictors of rehospitalization risk. By developing a nomogram-
based predictive model, we offer a potentially useful tool for clinicians to identify high-risk patients, enabling more efficient
resource allocation and the possibility of reducing rehospitalization rates. Nevertheless, this study’s limitations underscore the
need for further multicenter validation and the exploration of personalized intervention strategies. Future by incorporating
genetic and biomarker data, investigating the impact of early interventions on long-term outcomes, and assessing the
effectiveness of tailored treatments for different patient subgroups. Further validation through multicenter trials will enhance
the generalizability of the findings and contribute to the development of personalized care protocols for COPD patients.

Abbreviations

COPD, chronic obstructive pulmonary disease; ALT, alanine aminotransferase; CK, creatine kinase; GLU, glucose; WHO,
World Health Organization; AECOPD, Acute exacerbations of COPD; GOLD, Global Initiative for Chronic Obstructive Lung
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