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Purpose: The aim of this study was to explore the predictive value of the chronic obstructive pulmonary disease (COPD) specific comorbidity 
test index (COTE) and pulmonary comorbidities for moderate-to-severe acute exacerbation and hospitalization in COPD patients.
Patients and Methods: This was a retrospective cohort study. We included 470 patients with stable COPD. Patients were divided 
into high or low-risk comorbidity group according to whether COTE score ≥4, and pulmonary comorbidities and extrapulmonary 
comorbidities group according to comorbidity origin. Moderate-to-severe acute exacerbation events and other clinical parameters were 
compared between groups. Multifactorial analysis and Lasso regression were used to screen risk factors and establish predictive 
models for moderate-to-severe acute exacerbation and hospitalization. The receiver operating characteristic (ROC) curve was used to 
assess the value COTE score and pulmonary comorbidities in predicting moderate-to-severe acute exacerbation and hospitalization.
Results: When compared with the low-risk comorbidity and extrapulmonary comorbidities group, the rate of patients with ≥2 
moderate-to-severe acute exacerbations and requiring hospitalization due to acute exacerbations is higher in high-risk comorbidity and 
pulmonary comorbidities group (χ²=18.45, χ²=40.15, χ²=8.82, χ²=23.68). Multifactorial analysis showed that comorbid with asthma, 
lung cancer were risk factors for moderate-to-severe acute exacerbations, while asthma, bronchiectasis, lung cancer, and high COTE 
score were risk factors for patients requiring hospitalization due to acute exacerbations. The AUC for COTE > 5.5 and a combination 
of at least one pulmonary comorbidity as potential indication of moderate-to-severe acute exacerbations of COPD and hospitalization 
due to acute exacerbations was 0.667 (95% CI: 0.615, 0.719) and 0.740 (95% CI: 0.688, 0.792), respectively. The prediction models 
including COTE and pulmonary comorbidities can predict moderate-to-severe acute exacerbations (internal validation of AUC: 0.984, 
95CI%: 0.964–1) and hospitalization (internal validation of AUC: 0.978, 95CI%: 0.959–0.998) of COPD.
Conclusion: COTE score and a combination of at least one pulmonary disease can predict the risk of moderate-to-severe acute 
exacerbations and hospitalization due to acute exacerbations in patients with COPD.
Keywords: acute exacerbation, chronic obstructive, comorbidity, hospitalization, pulmonary disease

Introduction
Chronic obstructive pulmonary disease (COPD) is a pervasive and severe pulmonary disease, ranking as the third most 
common cause of death in China.1,2 Comorbidity is typically characterized by the simultaneous occurrence of two or 
more chronic diseases that may have comparable etiologies or therapies.3 The mortality increases when COPD patients 
have comorbidities.4–6 Previous studies indicate that higher Charlson Comorbidity Index (CCI) is associated with severe 
clinical symptoms, increased mortality, high hospitalization expenses, and more hospitalizations in the previous year in 
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COPD.7–9 The COPD specific comorbidity test index (COTE), developed in 2012, was the first specific clinical tool for 
predicting the risk of death with comorbid COPD.4 It has also been used for predicting acute exacerbations of COPD.10 

However, the clinical features of COPD patients with high-risk comorbidity based on COTE index are still not well 
evaluated. Furthermore, COTE index only includes lung cancer and pulmonary fibrosis and does not consider other 
common pulmonary comorbidities, such as asthma and bronchiectasis. However, asthma, bronchiectasis and other 
chronic respiratory diseases (which can be called pulmorbidome6) are also common comorbidities of COPD11,12 and 
have been shown to be related to acute exacerbations of COPD.13 In this retrospective cohort study, we aim to explore the 
clinical features of COPD patients with higher COTE index (≥4) and with pulmonary comorbidities. We also assess the 
value of COTE index and pulmonary comorbidities in predicting the risk of moderate-to-severe acute exacerbations and 
hospitalization due to acute exacerbations.

Materials and Methods
Ethics Statement
This study was a retrospective cohort study and followed with the Helsinki Declaration and was approved by the Ethics Review 
Committee (TREC2024-KY004). Due to the retrospective nature of the study, informed consent was waived. All methods were 
performed in accordance with institutional and national guidelines and regulations. All patient data were anonymized before analysis, 
and strict confidentiality was maintained throughout, in compliance with institutional and national data protection regulations.

Study Design and Protocol
Study Population
All patients were stable COPD from the Respiratory and Critical Care Medicine outpatient clinics, Beijing Tongren 
Hospital and Mentougou Hospital, Capital Medical University, the study period was from April 2020 to March 2023. 
Eligible patients were fulfilling those inclusion criteria, including: (1) Global Initiative for Chronic Obstructive Lung 
Disease (GOLD), a post-bronchodilator forced expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) index 
<0.70;1 (2) age >40 years and ≤ 85 years; (3) diagnosed COPD for more than 1 year, stable COPD: the patient had stable 
or mild symptoms of cough, sputum, and shortness of breath, had the usage of inhaled glucocorticoids (ICS) and/or long- 
acting beta agonists (LABA) were not increased in the prior 4 weeks, and was not taking antibiotics or systemic 
glucocorticoids; (4) case data documented moderate-to-severe acute exacerbation events, defined as moderate: use of 
short-acting bronchodilators and antimicrobials, with or without oral glucocorticoids (OCS), severe: hospitalization or 
treatment in an emergency room or intensive care unit (ICU);14 (5) case data documented diagnosis of comorbidities, 
which meets the applicable guideline diagnostic criteria.

Patients with interstitial lung disease (ILD), active tuberculosis, pleural effusion, pulmonary embolism, cognitive 
dysfunction and impairment of physical activity, depression and insufficient clinical data were excluded (Figure 1).

Definition of Low-Risk and High-Risk Comorbidity Group
Chronic Obstructive Pulmonary Specificity Index (COTE) was employed, which included 12 comorbidities with major 
points of 6, 2 and 1. The 6 points including lung/esophageal/pancreatic and breast cancer and anxiety. The 2 points 
including all other cancers, liver cirrhosis, atrial fibrillation/flutter, diabetes with neuropathy, pulmonary fibrosis. The 1 
point including congestive heart failure, gastric/duodenal ulcers and coronary heart disease.4,10 We defined high-risk 
comorbidity group as COTE score ≥4, low-risk comorbidity group as COTE <4.10

Definition of Pulmonary Comorbidities and Extrapulmonary Comorbidities Group
We defined pulmonary comorbidities group as at least one of asthma, bronchiectasis, lung cancer, OSA and pulmonary 
hypertension, and extrapulmonary comorbidities group at least one chronic disease except respiratory disease. Pulmonary 
comorbidities include: lung cancer, bronchiectasis, asthma, and obstructive sleep apnea (OSA),12 according to Chinese 
COPD comorbidities study.14 Extrapulmonary comorbidities include: cardiovascular diseases including hypertension, 
coronary atherosclerotic heart disease (CHD), arrhythmia, and peripheral arterial atherosclerosis; cerebrovascular 
diseases including ischemic cerebrovascular disease, endocrine metabolic diseases including diabetes and osteoporosis, 
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and digestive diseases including reflux esophagitis and gastric/duodenal ulcer. Anxiety and depression were identified by 
a total score ≥8 on the Hospital Anxiety and Depression Rating Scale15 during the visit.

Data Collection
All medical records in the electronic database were independently reviewed by two trained and experienced researchers. 
We enrolled stable COPD patients with gender, age, body mass index (BMI), duration of COPD, duration of smoking, 
smoking index, whether or not quit smoking, number of moderate-to-severe acute exacerbations and hospitalizations in 
the past one year, GOLD grade, ABE group1 and medicine use of COPD.

Objective Tests
Blood Test
We enrolled routine blood counts including peripheral blood leukocyte count, neutrophil percentage (NE), NE count, 
eosinophil percentage (EOS), EOS count, hemoglobin, brain natriuretic peptide (BNP), albumin, triglycerides, total 
cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL) and glycosylated hemoglobin (HbA1c).

Pulmonary Function Tests
We enrolled lung function index when patients come to the outpatient clinics, including total lung capacity (TLC), 
residual volume (RV), RV/TLC, forced expiratory volume in one second (FEV1), FEV1%pred, FEV1/forced vital 
capacity (FVC), maximal expiratory flow at 25% of FVC (MEF25%), maximal expiratory flow at 25%–75% 
(MEF75/25%), maximal expiratory flow at 50% of FVC (MEF50%), diffusion capacity for carbon monoxide of the lung 
(DLCO), fractional exhaled nitric oxide (FeNO) (NIOX Aerocrine AB, Sweden).

Questionnaires
All patients completed the following questionnaires during the visiting to outpatient clinics:

1. Frail scale: Frailty was evaluated through the Fatigue, Resistance, Ambulation, Illnesses, and Loss of weight scale, 
a questionnaire with five self-report items for which the possible answers are “yes” or “no”, with an attribution of 1 or 0 
points, respectively.16

2. modified British medical research coucil (mMRC): mMRC scale was the first questionnaire developed to measure 
breathnessless, which was consisting of 0–4 grade of dyspnea.1

3. COPD assessment test (CAT): The CAT was an 8-item questionnaire including cough, phlegm, chest tightness, shortness 
of breath, activity limitations at home, confidence in leaving home, sleep, and energy. Each item is given a score from 0 to 5.1

Figure 1 Flow of participants through the study. 
Abbreviations: COPD, chronic obstructive pulmonary disease.
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Statistical Analysis
Data were analysed by using SPSS version 26, R version 4.4.2 and prism version 9. Descriptive results for continuous 
variables were reported as means ± standard deviation (SD), while categorical variables were presented as frequencies 
(%) and non-normally distributed continuous measures as median (quartiles). Normally distributed data were analysed by 
using Independent Samples T-test or one-way ANOVA depending on the number of groups. For non-normally distributed 
continuous, group comparisons were calculated using either the Mann–Whitney U-test or the Kruskal–Wallis test. For 
categorical variables, we employed the χ2 test or Fisher’s exact probability tests. The univariate analysis included 
descriptive variables and categorical variables, multivariate logistic regression analysis included variables with statisti
cally significant differences in the univariate analysis. The results were represented by forest plots. The multicollinearity 
test was used to determine whether the multifactorial logistic regression has multicollinearity. Variables with a variance 
inflation factor (VIF) value of <10 were regarded to without multicollinearity. Selected risk factors were fitted to 
construct a moderate-to-severe acute exacerbation and a hospitalization warning model, and the receiver operating 
characteristic (ROC) curve was used to evaluate the related efficacy of the two models. To further examine the 
relationship between COTE and moderate-to-severe acute exacerbation and hospitalizations, we employed tetrachoric 
correlations and performed a correlation heatmap. Lasso regression was used to screen the influencing factors and build 
a predictive model for moderate-to-severe acute exacerbation and hospitalization in COPD. We use internal validation 
(Bootstrap), calibration curve and DCA decision curve to determine the models predicted efficacy. We also analyzed the 
impact of COTE score and pulmonary comorbidities on acute exacerbation and hospitalization in different age 
subgroups. A two-tailed p-value <0.05 was considered significant.

Results
Prevalence of Comorbidities in Patients with COPD
A total of 470 patients were enrolled in this cohort. Among them, 31 patients had no comorbidities (Figure 1), while 439 
patients (93.40%) had comorbidities. Respiratory diseases (269/439, 61.28%) were the most common comorbidities, of 
which 102 (23.23%) were asthma, 87 (19.82%) were bronchiectasis, 47 (10.71%) were lung cancer and 33 (7.50%) were 
OSA. Others comorbidities include hypertension (252/439, 57.40%), CHD (123/439, 28.02%), diabetes (116/439, 
26.42%), anxiety (98/439,22.32%), depression (85/439, 19.40%), peripheral arterial atherosclerosis (78/439, 17.77%), 
cerebrovascular disease (72/439, 16.40%), arrhythmia (68/439, 15.49%), osteoporosis (14/439, 3.19%), gastric/duodenal 
ulcer (92/439, 20.96%), and reflux esophagitis (53/439, 12.07%). We also found that 124 (28.25%) patients only 
complicated with pulmonary diseases, 189 (43.05%) only with extrapulmonary diseases, and 126 (28.70%) both with 
pulmonary and extrapulmonary diseases (Figure 1).

Comparison of Clinical Features Between High- and Low-Risk Comorbidity Group 
According to COTE Index
A total of 266 patients (60.59%) were classified into the low-risk comorbidity group, while 173 patients (39.41%) were 
into the high-risk comorbidity group (Figure 1). Compared with the low-risk comorbidity group, the high-risk comor
bidity group had a higher proportion of older age, longer duration of COPD and a higher proportion of comorbidities, 
including asthma, bronchiectasis, lung cancer, OSA, hypertension, coronary atherosclerotic heart disease, arrhythmia, 
diabetes, peripheral arterial atherosclerosis, gastric/duodenal ulcer, reflux esophagitis, anxiety and depression (all P< 
0.05). There were no statistically significant differences between the two groups regarding gender, BMI, smoking status, 
duration of smoking, smoking index, smoking cessation, comorbid with cerebrovascular disease or osteoporosis (all P> 
0.05) (Table 1). The high-risk group showed significantly lower levels of peripheral blood hemoglobin, FEV1, FEV1% 
pred, FEV1/FVC, MEF25%, and MEF75/25%, and higher levels of BNP and HbA1c (all P< 0.05) (Table 2). Patients with 
high-risk comorbidity showed higher frailty, mMRC, and CAT scores. The proportion of patients with ≥2 moderate-to- 
severe acute exacerbations in the past year and those requiring hospitalization due to acute exacerbations was also higher 
in high-risk comorbidity group. Additionally, the proportion of severe and very severe GOLD stage, E of ABE group, the 
use of SABA or SAMA and ICS were also higher in high-risk comorbidity group (all P< 0.05) (Table 3).

https://doi.org/10.2147/COPD.S518218                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2025:20 1896

Chen et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Table 1 Clinical Features Between Low- and High-Risk Comorbidity Group

Characteristics All 
N=439

Low-Risk Comorbidity  
Group N=266

High-Risk Comorbidity  
Group N=173

χ²/t/Z P

Sexual 0.01 0.917

Male 326 (74.26) 198 (74.44) 128 (73.99)

Female 113 (25.74) 68 (25.56) 45 (26.01)
Age (years) 70.00 (65.00, 78.00) 69.00 (63.00, 77.00) 72.00 (67.00, 79.00) −3.26 0.001

<65 103 (23.50) 77 (28.90) 26 (15.00) 11.31 0.001

≥65 336 (76.50) 189 (71.1) 147 (85.00)
BMI (kg/m2) 24.31±4.49 24.10±4.8 24.62±5.04 −1.18 0.238

Duration of COPD (years) 12.94 0.002
<10 194 (44.19) 135 (50.75) 59 (34.10)

10~30 161 (36.67) 90 (33.83) 71 (41.04)

≥30 84 (19.13) 41 (15.41) 43 (24.86)
Smoke 0.01 0.937

Yes 329 (74.94) 199 (74.81) 130 (75.14)

No 110 (25.06) 67 (25.19) 43 (24.86)
Duration of smoking (years) 34.00 (0.00, 50.00) 30.00 (0.00, 44.75) 36.00 (10.00, 50.00) −1.52 0.129

Smoking index (package·years) 30.00 (0.00, 50.00) 30.00 (0.00, 50.00) 30.00 (2.80, 50.00) −0.09 0.926

Quit smoking 3.42 0.065
Yes 199 (55.60) 111 (51.60) 88 (61.50)

No 159 (44.40) 104 (48.40) 55 (38.50)

Comorbidity
Asthma 5.14 0.023

Yes 102 (23.23) 52 (19.55) 50 (28.90)

No 337 (76.77) 214 (80.45) 123 (71.10)
Bronchiectasis 14.83 <0.001

Yes 87 (19.82) 37 (13.91) 50 (28.90)

No 352 (80.18) 229 (86.09) 123 (71.10)
Lung cancer 80.93 <0.001

Yes 47 (10.71) 0 (0.00) 47 (27.17)

No 392 (89.29) 266 (100.00) 126 (72.83)
OSA 8.77 0.003

Yes 33 (7.50) 12 (4.50) 21 (12.10)

No 406 (92.50) 254 (95.50) 152 (87.90)
Hypertension 4.46 0.035

Yes 252 (57.40) 142 (53.38) 110 (63.58)

No 187 (42.60) 124 (46.62) 63 (36.42)
CHD 18.04 <0.001

Yes 123 (28.02) 55 (20.68) 68 (39.31)

No 316 (71.98) 211 (79.32) 105 (60.69)
Arrhythmia 9.92 0.002

Yes 67 (15.26) 29 (10.90) 38 (21.97)

No 372 (84.74) 237 (89.10) 135 (78.03)
Diabetes 42.09 <0.001

Yes 116 (26.42) 41 (15.41) 75 (43.35)

No 323 (73.58) 225 (84.59) 98 (56.65)
Peripheral arterial atherosclerosis 17.27 <0.001

Yes 78 (17.77) 31 (11.65) 47 (27.17)

No 361 (82.23) 235 (88.35) 126 (72.83)

(Continued)
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Table 1 (Continued). 

Characteristics All 
N=439

Low-Risk Comorbidity  
Group N=266

High-Risk Comorbidity  
Group N=173

χ²/t/Z P

Cerebrovascular diseases 3.06 0.080
Yes 72 (16.40) 37 (13.91) 35 (20.23)

No 367 (83.60) 229 (86.09) 138 (79.77)

Osteoporosis 0.08 0.774
Yes 14 (3.19) 9 (3.38) 5 (2.89)

No 425 (96.81) 257 (96.62) 168 (97.11)

Gastric/duodenal ulcer 24.78 <0.001
Yes 92 (20.96) 35 (13.16) 57 (32.95)

No 347 (79.04) 231 (86.84) 116 (67.05)

Reflux esophagitis 43.95 <0.001
Yes 53 (12.07) 10 (3.76) 43 (24.86)

No 386 (87.93) 256 (96.24) 130 (75.14)

Anxiety 193.99 <0.001
Yes 98 (22.32) 0 (0.00) 98 (56.65)

No 341 (77.68) 266 (100.00) 75 (43.35)

Depression 105.25 <0.001
Yes 85 (19.40) 10 (3.80) 75 (43.40)

No 354 (80.60) 256 (96.20) 98 (56.60)

Abbreviations: BMI, body mass index; Duration of COPD, Duration of chronic obstructive pulmonary disease; OSA, obstructive sleep apnea; CHD, coronary 
atherosclerotic heart disease.

Table 2 Blood Test and Lung Function Between Low- and High-Risk Comorbidity Group

Characteristics Low-risk comorbidity  
group N=266

High-risk comorbidity  
group N=173

χ²/t/Z P

Blood test

WBC (×109/L) 7.10 (5.78, 9.00) 7.20 (5.55, 9.20) −0.22 0.826
NE% 67.62±11.74 69.77±12.71 −1.81 0.070

NE (×109/L) 4.39 (3.13, 6.07) 4.76 (3.08, 6.72) −0.89 0.374
EOS% 1.50 (0.80, 2.32) 1.60 (0.87, 2.95) −1.27 0.203

EOS (×109/L) 0.13 (0.06, 0.22) 0.14 (0.07, 0.23) −0.75 0.454

HGB (g/L) 130.37±16.13 125.36±19.73 2.791 0.006
BNP (pg/mL) 48.00 (25.00, 105.00) 61.00 (29.50, 165.50) −2.35 0.019

ALB (g/L) 37.50 (35.08, 40.20) 37.00 (33.15, 39.95) 1.89 0.059

TG (mmol/L) 1.08 (0.78, 1.67) 1.12 (0.77, 1.66) −0.14 0.890
TC (mmol/L) 4.27 ± 0.96 4.15 ± 1.04 1.18 0.240

LDL (mmol/L) 2.41 (1.82, 2.95) 2.17 (1.74, 2.87) 1.81 0.071

HDL (mmol/L) 1.13 (0.91, 1.38) 1.10 (0.90, 1.39) 0.13 0.900
HbA1c (%) 6.05 (5.70, 6.40) 6.20 (5.80, 7.20) −2.73 0.006

FeNO (ppb) 32.50 (13.00, 64.93) 26.00 (13.00, 55.50) 1.90 0.057

Lung function
TLC (L) 5.48±1.60 5.29±1.56 1.20 0.233

RV (L) 2.73 (2.06, 4.11) 2.74 (2.05, 4.06) −0.02 0.981

RV/TLC (%) 54.29±14.66 55.98±13.14 −1.23 0.220
FEV1 (L) 1.37 (1.06, 1.79) 1.19 (0.93, 1.49) 4.18 <0.001

FEV1%pred (%) 60.90 (45.20, 71.58) 46.50 (40.95, 61.50) 4.68 <0.001

FEV1/FVC (%) 59.12 (50.50, 64.52) 50.97 (43.60, 60.86) 5.70 <0.001
MEF50% (%) 29.10 (17.08, 37.60) 25.59 (16.85, 35.13) 1.48 0.139

(Continued)
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Table 2 (Continued). 

Characteristics Low-risk comorbidity  
group N=266

High-risk comorbidity  
group N=173

χ²/t/Z P

MEF25% (%) 29.12 (19.98, 41.83) 24.80 (17.35, 39.50) 2.33 0.020
MEF75/25% (%) 27.15 (17.80, 36.20) 21.83 (16.13, 31.54) 2.35 0.019

DLCO (%) 60.35 (6.59, 82.73) 59.30 (38.40, 82.80) 1.14 0.253

Abbreviations: WBC, white blood cell; NE%, percentage of neutrophils NE, neutrophils; EOS%, percentage of eosinophils; EOS, eosinophil; HGB, 
hemoglobin. BNP, B-type natriuretic peptide. ALB, albumin. TG, triglyceride. TC, total cholesterol. LDL, low-density lipoprotein. HDL, high-density 
lipoprotein. HbA1c, glycated hemoglobin. TLC, total lung capacity; RV, residual volume; RV/TLC, residual volume / total lung capacity; FEV1, forced 
expiratory volume in one second; FEV1%pred, the percent predicted of forced expiratory volume in one second; FEV1/FVC, forced expiratory 
volume in one second / forced vital capacity; MEF50%, maximal expiratory flow at 50% of the FVC has not been exhaled; MEF25%, maximal expiratory 
flow at 25% of the FVC has not been exhaled; MEF75/25%, maximal expiratory flow at 25%-75% of the FVC has not been exhaled; DLCO, diffusing 
capacity of the lungs for carbon monoxide.

Table 3 System Features and Drug Use Between Low- and High-Risk Comorbidity Group

Characteristics Low-Risk Comorbidity  
Group N=266

High-Risk Comorbidity  
group N=173

χ²/t P

Frial score 1.00 (0.00, 3.00) 3.00 (2.00, 3.00) −7.21 <0.001

mMRC 2 (1.00, 2.00) 2 (1.00, 3.00) −3.32 <0.001
CAT 12.00 (9.75, 20.00) 14.00 (10.00, 24.50) −2.67 0.008

≥2moderate-to-severe acute exacerbations 18.45 <0.001

Yes 81 (30.45) 88 (50.87)
No 185 (69.55) 85 (49.13)

Hospitalization due to acute exacerbation 40.15 <0.001

Yes 47 (17.67) 79 (45.66)
No 219 (82.33) 94 (54.34)

ABE 19.45 <0.001

A 66 (24.81) 36 (20.81)
B 119 (44.74) 49 (28.32)

E 81 (30.45) 88 (50.87)

GOLD 21.37 <0.001
Mild 36 (13.53) 17 (9.83)

Moderate 123 (46.24) 50 (28.90)

Severe 102 (38.35) 95 (54.91)
Very Severe 5 (1.88) 11 (6.36)

SAMA or SABA 4.39 0.036

Yes 147 (55.26) 113 (65.32)
No 119 (44.74) 60 (34.68)

Including ICS 8.58 0.003
Yes 159 (59.77) 127 (73.41)

No 107 (40.23) 46 (26.59)

LAMA or LABA 3.80 0.051
Yes 72 (27.07) 62 (35.84)

No 194 (72.93) 111 (64.16)

LAMA+LABA <0.01 0.956
Yes 12 (4.51) 8 (4.62)

No 254 (95.49) 165 (95.38)

Theophylline 1.58 0.209
Yes 83 (31.20) 64 (36.99)

No 183 (68.80) 109 (63.01)

(Continued)
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Tetrachoric Correlations Between COTE Index and Other Clinical Features
The COTE index score was positively correlated with the number of hospitalizations and moderate-to-severe acute 
exacerbation, mMRC, CAT, BNP, HbA1c, age and BMI (r > 0). Conversely, it was negatively correlated with FEV1, 
FEV1%, FEV1/FVC, MEF75/25%, and hemoglobin (r < 0) (Figure 2, Table S1).

Logistic Regression for Moderate-to-Severe Acute Exacerbation of COPD
Univariate analysis showed that male, duration of COPD >10 years, high COTE score, high frailty score, 
combined with asthma, bronchiectasis, lung cancer, diabetes, anxiety, gastric/duodenal ulcer, high mMRC, high 
CAT score, use of ICS, high NE% and high EOS were risk factors for moderate-to-severe acute exacerbation. In 
contrast, high FEV1/pred%, high FEV1/FVC, high DLCO, and high albumin levels were protective factors (all P< 
0.05) (Figure 3a).

Multivariate analysis showed that combined with asthma, lung cancer, diabetes, high mMRC, high CAT score, high 
NE%, and low albumin were risk factors for moderate-to-severe acute exacerbation, while high FEV1/FVC was 
a protective factor (all P< 0.05). The VIF values for all variables were <10 (Figure 3b).

Logistic Regression for Hospitalization of COPD
Univariate analysis indicated that BMI ≤ 18 kg/m², male, high COTE score, combined with asthma, bronchiectasis, lung 
cancer, anxiety, diabetes, ischemic cerebrovascular disease, reflux esophagitis, gastric/duodenal ulcer, high frailty score, 
high mMRC, high CAT score, use of ICS, use of OCS, high EOS, high EOS%, high FeNO, and low HDL were risk 
factors for hospitalization. In contrast, high FEV1/pred%, high FEV1/FVC, and high albumin levels were protective 
factors (all P< 0.05) (Figure 3c).

Multivariate analysis indicated that combined with asthma, bronchiectasis, lung cancer, high CAT score, and high 
COTE score were risk factors for hospitalization, while female was a protective factor (all P< 0.05). The VIF values for 
all variables were <10 (Figure 3d).

Comparison of Clinical Features Between Pulmonary and Extrapulmonary Group
Compared with the extrapulmonary comorbidities group, patients in pulmonary comorbidities group were younger, had 
lower frailty and COTE score, higher mMRC and CAT score. A higher proportion of patients with ≥2 moderate-to-severe 
acute exacerbations in the past year, a higher proportion of patients requiring hospitalization due to acute exacerbation, 
and a higher proportion of E group in ABE group were also seen in pulmonary comorbidities group. (all P< 0.05) 
(Table 4). Patients in pulmonary comorbidities group also had higher level of EOS and EOS% (all P< 0.05) (Table S2).

Relationship of COTE Index Alone or Combined with the Number of Pulmorbidome 
in Moderate-to-Severe Acute Exacerbation of COPD
The cut-off value of COTE index for moderate-to-severe acute exacerbation of COPD was 5.5 (AUC: 0.624; 95% CI 
0.569–0.679, Youden index 0.255, sensitivity 50.30%, specificity 75.20%). The cut-off value of EOS% was 1.65% 

Table 3 (Continued). 

Characteristics Low-Risk Comorbidity  
Group N=266

High-Risk Comorbidity  
group N=173

χ²/t P

OCS 1.31 0.252
Yes 22 (8.27) 20 (11.56)

No 244 (91.73) 153 (88.44)

Abbreviations: mMRC, modified British medical research council; CAT, chronic obstructive pulmonary disease assessment test score; ABE, ABE group; 
GOLD, GOLD grade; SAMA, short acting muscarinic antagonist; SABA, short acting beta agonist; Including ICS, including inhaled corticosteroids; LAMA, long- 
acting muscarine anticholinergic; LABA, long acting beta agonist; OCS, oral corticosteroids.
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(AUC: 0.547; 95% CI 0.492–0.602), while the cut-off value for EOS was 0.115x109/L (AUC: 0.571; 95% CI 
0.515–0.626). The cut-off value of pulmonary comorbidities (pulmorbidome) was 0.5 (AUC: 0.607; 95% CI 
0.553–0.661). COTE index combined with one pulmorbidome as potential indication of moderate-to-severe acute 
exacerbation with AUC of 0.667 (95% CI 0.615–0.719, Youden index 0.271, sensitivity 43.80%, specificity 83.30%) 
(Figure 4a).

Figure 2 Correlation heatmap of COTE. 
Abbreviations: BMI, body mass index; HbA1c, glycated hemoglobin; BNP, B-type natriuretic peptide; HGB, hemoglobin; MEF75/25%, maximal expiratory flow at 25%–75% of 
the FVC has not been exhaled; FEV1/FVC, forced expiratory volume in one second/forced vital capacity; FEV1%, the percent predicted of forced expiratory volume in 
one second; FEV1, forced expiratory volume in one second; CAT, chronic obstructive pulmonary disease assessment test; mMRC, modified British medical research council; 
AE Events, acute exacerbation events; COTE, chronic obstructive pulmonary disease-specific comorbidity test index.
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Relationship of COTE Index Alone or Combined with the Number of Pulmorbidome 
in Hospitalization of COPD
The cut-off value of COTE index for hospitalization due to acute exacerbation was 5.5 (AUC: 0.675; 95% CI 
0.616–0.735), Youden index 0.383, sensitivity 61.90%, was 76.40%. The cut-off value of EOS% was 2.24% (AUC: 
0.570; 95% CI 0.512–0.629), and EOS was 0.155x109/L (AUC: 0.582; 95% CI 0.522–0.641). The cut-off value of 
Pulmorbidome was 0.5 (AUC: 0.651; 95% CI 0.594–0.707, Youden index 0.259, sensitivity 75.40%, specificity 50.50%). 
The AUC for COTE index combined with pulmorbidome as potential indication of hospitalization due to acute 
exacerbation was 0.740 (95% CI 0.688–0.792, Youden index 0.410, sensitivity 55.30%, specificity 84.70%) (Figure 4b).

Prediction Model to Predict Risk of Moderate-to-Severe Acute Exacerbation and 
Hospitalization of COPD
Lasso regression was used to analyze the relationship between moderate-to-severe acute exacerbation and the following 
variables: mMRC, duration of COPD, COTE, FEV1/FVC, CAT, combined with lung cancer, asthma. Lasso regression was 
also used to analyze the relationship between hospitalization due to AECOPD and the following variables: combined with 
lung cancer, asthma, bronchiectasis, COTE, mMRC, CAT (Figure S1 and S2). Each of these variables was included in the 
predictive model, and the regression results were internally validated by the Bootstrap method. The results showed that the 
AUC was 0.992 (95CI%: 0.986–0.998, sensitivity 91.5%, specificity 98.8%) for the train set, while theAUC was: 0.984 
(95CI%: 0.964–1, sensitivity 91.5%, specificity 98.8%) for the validation set of moderate-to-severe acute exacerbation of 

Figure 3 Logistic analysis of moderate-to-severe acute exacerbation and hospitalization of COPD. 
Notes: (a) Univariate analysis of moderate-to-severe acute exacerbation of COPD; (b) Multivariate analysis of moderate-to-severe acute exacerbation of COPD; (c) 
Univariate analysis of hospitalization of COPD; (d) Multivariate analysis of hospitalization of COPD. 
Abbreviations: ALB, albumin; EOS, eosinophil; NE%, percentage of neutrophils; FEV1/FVC, forced expiratory volume in one second/forced vital capacity; FEV1%pred, 
the percent predicted of forced expiratory volume in one second; DLCO, diffusing capacity of the lungs for carbon monoxide; CAT, chronic obstructive pulmonary disease 
assessment test; mMRC, modified British medical research council; ICS, inhaled glucocorticoids; COTE, chronic obstructive pulmonary disease-specific comorbidity test 
index; COPD, chronic obstructive pulmonary disease; BMI, body mass index; OCS, oral corticosteroids; FeNO, fractional exhaled nitric oxide; EOS%, percentage of 
eosinophils.
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COPD in the prediction model (Figure 5a and b). We also showed that the AUC was 0.98 (95CI%: 0.967–0.992, sensitivity 
97.1%, specificity 90.7%) for the train set, while the AUC was 0.978 (95CI%: 0.959–0.998, sensitivity 97.1%, specificity 
90.7%) for the validation set of hospitalization of COPD in the prediction model (Figure 6a and b).

The calibration curve for the train and validation sets is well fitted and the DCA showed that the model works well 
(Figure S3–S12). The above indicators were incorporated into a Nomogram (Figures 7, 8), which included points, each of 
the indicators, the total points and the linear predictor, and the risk of the outcome. Each patient could be assigned a score 

Table 4 Clinical Features Between Pulmonary and Extrapulmonary Comorbidities Group

Characteristics All 
N=313

Pulmonary  
Comorbidities Group=124

Extrapulmonary  
Comorbidities Group=189

χ²/t/Z P

Sexual 0.25 0.614

Male 232 (74.12) 90 (72.58) 142 (75.13)

Female 81 (25.88) 34 (27.42) 47 (24.87)
Age (years) 69.13±9.55 72.60±7.38 −3.43 0.001

<65 65 (20.80) 42 (33.90) 23 (12.20) 21.43 <0.001

≥65 248 (79.20) 82 (66.10) 166 (87.80)
BMI (kg/m2) 23.48±4.74 24.49±4.38 −1.94 0.054

Duration of COPD (years) 4.34 0.114
<10 149 (47.60) 68 (54.84) 81 (42.86)

10~30 107 (34.19) 36 (29.03) 71 (37.57)

≥30 57 (18.21) 20 (16.13) 37 (19.58)
Smoke 0.06 0.810

Yes 237 (75.72) 93 (75.00) 144 (76.19)

No 76 (24.28) 31 (25.00) 45 (23.81)
Duration of smoking (years) 34.00 (3.00, 50.00) 30.00 (0.00, 44.00) 36.00 (5.50, 50.00) −0.98 0.329

Smoking index (package/year) 30.00 (0.90, 50.00) 30.00 (0.00, 60.00) 32.00 (2.25, 50.00) −0.08 0.935

Quit smoking 1.81 0.179
Yes 147 (57.20) 52 (52.00) 95 (60.50)

No 110 (42.80) 48 (48.00) 62 (39.50)

Frial score 2 (1.00, 3.00) 1 (0.00, 2.75) 3 (1.00, 3.00) −5.96 <0.001
mMRC 2.00 (1.00, 2.00) 2.00 (1.00, 3.00) 2.00 (1.00, 2.00) 2.58 0.010

CAT 12.00(10.00,22.00) 14.00 (10.00, 24.00) 12.00 (10.00, 20.00) −2.65 0.008

COTE 2 (0.00, 6.00) 0.00 (0.00, 6.00) 3.00 (1.00,6.00) −6.15 <0.001
≥2moderate-to-severe acute 

exacerbations

8.82 0.003

Yes 108 (34.50) 55 (44.35) 53 (28.04)
No 205 (65.50) 69 (55.65) 136 (71.96)

Hospitalization due to acute 

exacerbation

23.68 <0.001

Yes 82 (26.20) 51 (41.13) 31 (16.40)

No 231 (73.80) 73 (58.87) 158 (83.60)

ABE 13.47 0.001
A 68 (21.73) 30 (24.19) 38 (20.11)

B 137 (43.77) 39 (31.45) 98 (51.85)

E 108 (34.50) 55 (44.35) 53 (28.04)
GOLD 2.84 0.418

Mild 41 (13.10) 18 (14.52) 23 (12.17)

Moderate 125 (39.94) 55 (44.35) 70 (37.04)
Severe 139 (44.41) 48 (38.71) 91 (48.15)

Very Severe 8 (2.56) 3 (2.42) 5 (2.65)

Abbreviations: BMI, body mass index; Duration of COPD, duration of chronic obstructive pulmonary disease; mMRC, modified British medical research council; CAT, 
chronic obstructive pulmonary disease assessment test score; COTE, comorbidity test index; ABE, ABE group; GOLD, GOLD grade.
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for each indicator in the nomogram, and the sum of the individual scores was labeled as the predicted probability of risk 
in the horizontal line of the total score.

Impact of Age Subgroup to COTE and the Number of Pulmorbidome in Moderate-to- 
Severe Acute Exacerbation and Hospitalization of COPD
We divided the cohort into two groups according to age, ie, ≥65 years group (n=336) and <65 years group (n=103). After 
adjusted sexual, somke and FEV1%, we analyzed the impact of age on the ability of COTE and the number of 
pulmorbidome to predict moderate-to-severe acute exacerbation and hospitalization of COPD by Logistic regression. 
The results showed both in ≥65 years and in <65 years group, COTE is an independent predictor for moderate-to-severe 
acute exacerbation (OR: 1.103 [95% CI: 1.037, 1.174] and OR: 1.244 [95% CI: 1.099, 1.409], respectively, P<0.05) and 

Figure 4 ROC curve of moderate-to-severe acute exacerbation and hospitalization of COPD. 
Notes: (a) ROC curve of moderate-to-severe acute exacerbation of COPD; (b) ROC curve of hospitalization of COPD. 
Abbreviations: COTE, chronic obstructive pulmonary disease-specific comorbidity test index; EOS, eosinophil; EOS%, percentage of eosinophils; pulmorbidome, 
pulmonary comorbidities.
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hospitalization (OR: 1.189 [95% CI: 1.110, 1.274] and OR: 1.286 [95% CI: 1.129, 1.464], respectively, P<0.05). Also, 
the number of pulmorbidome was related to moderate-to-severe acute exacerbation (OR: 1.651 [95% CI: 1.228, 2.221] 
and OR: 1.773 [95% CI: 1.039, 3.024], respectively, P<0.05) and hospitalization (OR: 2.045 [95% CI: 1.480, 2.826] and 
OR: 2.199 [95% CI: 1.245, 3.885], respectively, P<0.05) in both ≥65 years and <65 years group (Figure 9).

Discussion
Acute exacerbation is a common feature of COPD and seriously affects the prognosis. How to accurately predict or 
identify patients who will develop acute exacerbations in COPD is not fully understood. In this current retrospective 
cohort study, we found that the rate of patients with ≥2 moderate-to-severe acute exacerbations and requiring hospita
lization due to acute exacerbations is significantly higher in COPD patients with high-risk comorbidities and with 

Figure 5 Prediction model of ROC curve of moderate-to-severe acute exacerbation in COPD. 
Notes: (a) the train set of ROC curve of prediction model of moderate-to-severe acute exacerbation in COPD; (b) the validation set of ROC curve of prediction model of 
moderate-to-severe acute exacerbation in COPD.
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pulmonary comorbidities. We also found that COTE score >5.5 and a combination of one pulmonary disease can predict 
the risk of moderate-to-severe acute exacerbations and hospitalization due to acute exacerbations in patients with COPD. 
Predictive models including COET score and pulmonary comorbidities can predict acute exacerbation and hospitalization 
with good sensitivity and specificity. COPD is regarded as the outcome of intricate, cumulative gene–environment 
interactions that affect not only the lungs but also other organ systems, resulting in the simultaneous appearance of many 
comorbidities as individuals age.17,18 Putcha N and Huang K revealed that 86–98% of COPD patients had at least one 
comorbidity, with the predominant five being hypertension, diabetes, asthma, bronchiectasis, and coronary artery 
disease.8,14 Similarly, our study revealed that 93% of COPD patients had at least one comorbidity, most of which are 
respiratory illnesses (such as asthma, bronchiectasis, lung cancer, and obstructive sleep apnea), cardiovascular diseases, 

Figure 6 Prediction model of ROC curve of hospitalization in COPD. 
Notes: (a) the train set of ROC curve of prediction model of hospitalization in COPD; (b) the validation set of ROC curve of prediction model of hospitalization in COPD.
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Figure 7 Nomogram to predict the risk of moderate-to-severe acute exacerbation in COPD. Lung_cancer/asthma (1: with; 2: without). 
Abbreviations: mMRC, modified British medical research council; Duration_of_COPD, Duration of chronic obstructive pulmonary disease (1: <10 years; 2: 10–30 years; 
3: ≥30 years); COTE, chronic obstructive pulmonary disease-specific comorbidity test index; FEV1_FVC, forced expiratory volume in one second/forced vital capacity; CAT, 
chronic obstructive pulmonary disease assessment test score.

Figure 8 Nomogram to predict the risk of hospitalization in COPD. Lung_cancer/asthma/bronchiectasis (1: with; 2: without). 
Abbreviations: COTE, chronic obstructive pulmonary disease-specific comorbidity test index; mMRC, modified British medical research council; CAT, chronic obstructive 
pulmonary disease assessment test score.
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and anxiety, similar to previous studies.11 Taken together, previous and our studies show that pulmonary comorbidities 
are quite prevalent in COPD, requiring further concern.

In this study, we compared the clinical features between patients with high- and low-risk comorbidities based on 
COTE index. The results showed that patients with high-risk comorbidity had worse obstructive ventilatory dysfunction, 
older age, and longer duration of COPD. They also had higher mMRC and CAT scores, a higher proportion of patients 
use SABA or SAMA or ICS, and a higher incidence of moderate-to-severe acute exacerbation and hospitalizations in the 
past year. Additionally, there was a higher proportion of group E patients based on ABE group. Huang YL and Uzunlar 
EA19,20 found higher frequency of hospital admission due to acute exacerbation, higher mMRC score and more courses 
of systemic corticosteroids in high-risk comorbidity group, similar to those studies, in our study, patients with high-risk 
comorbidity had a longer duration of chronic obstructive pulmonary disease and a higher risk of moderate-to-severe 
acute exacerbation. All of these showed that patients with high-risk comorbidity had more severe dyspnea symptoms, 
frequently use SABA or SAMA or ICS, and higher incidence of moderate-to-severe acute exacerbation and hospitaliza
tions, which may also the reason for a higher proportion of patients use ICS. COTE index, which predicts the mortality 
risk associated with comorbidities in COPD, includes 12 diseases.4 Similar to Doğan’s research,10 our study showed that 
the risk classification of the COTE index score reflects the severity of the acute exacerbation and the load of symptoms. 
Asthma, bronchiectasis, lung cancer, OSA, cardiovascular disease, diabetes, gastric/duodenal ulcer, reflux esophagitis, 
anxiety and depression were more prevalent in high-risk comorbidity group. Additionally, they had higher frailty scores, 
higher level of BNP and HbA1c, and lower level of hemoglobin. Li L et al21 found that frailty may be a predictor of 
hospitalization due to acute exacerbations in COPD, and Li J et al22 showed that having more than two acute 
exacerbations in the past year is a risk factor for readmission in COPD patients with frailty. This suggested that the 

Figure 9 Impact of age subgroup to COTE and the number of pulmorbidome in moderate-to-severe acute exacerbation and hospitalization of COPD. 
Note: (a) forest plot of moderate-to-severe acute exacerbation of COPD; (b) forest plot of hospitalization of COPD. 
Abbreviations: COTE, chronic obstructive pulmonary disease-specific comorbidity test index; pulmorbidome, pulmonary comorbidities; AE, moderate-to-severe acute 
exacerbation; H, hospitalization.
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coexistence of multiple comorbidities adversely affects various aspects of patient function and health status, potentially 
contributing to the severity of symptoms and the increased risk of acute exacerbation in COPD.

We showed that COTE index score was positively correlated with the level of BNP and HbA1c, and negatively 
correlated with the level of hemoglobin, indicating that higher COTE index scores are associated with the increased risks 
of heart failure, poor blood glucose control in diabetes and anemia. COTE index score was positively correlated with age, 
the number of hospitalizations due to acute exacerbation and moderate-to-severe acute exacerbation events, mMRC, CAT 
and BMI, while it was negatively correlated with FEV1, FEV1%/pred, FEV1/FVC, MEF75/25%. A study about COPD23 

found that patients who had greater change in hemoglobin concentration were more likely to be hospitalized for COPD 
comorbidities and experienced higher rates of morbidity and mortality due to COPD-related complications. It suggested 
that assessment of hemoglobin was important for early detection and prevention of complication related to COPD for 
leading a healthy life. Our study found that in the high-risk comorbidity group, hemoglobin levels were lower, but there 
were no correlation between hemoglobin levels and hospitalization due to acute exacerbation. The high level of BNP also 
indicates more severe heart failure. Brassington K et al24 revealed that more than half of COPD patients were 
hospitalized and died from combined with cardiovascular diseases, they also indicated that acute exacerbation to 
hospitalization was more common in COPD with heart failure. The high level of HbA1c in high-risk comorbidity 
group may be due to more severe diabetes complications and poor blood glucose control, potentially related to the 
coexistence of COPD with diabetes, coronary heart disease, OSA and obesity.25–27 Other studies have shown that COPD 
with diabetes have a higher risk of acute exacerbation and mortality.28 All of those studies and our study suggested that 
early intervention for abnormal laboratory tests could help reduce the risk of acute exacerbation of comorbidities in 
COPD.

Our study also discovered that the number of moderate-to-severe acute exacerbation events and hospitalizations due 
to acute exacerbation were significantly positively correlated with the COTE index score, mMRC and CAT score, while 
negatively correlated with FEV1% and FEV1/FVC. This indicates that the COTE index score, mMRC, CAT, FEV1% and 
FEV1/FVC may be used as predictors for moderate-to-severe acute exacerbation and hospitalizations in COPD with 
comorbidities. Our additional analysis of risk factors for moderate-to-severe acute exacerbation in COPD with comor
bidities revealed that females were the protective factors, high FEV1/FVC can reflect the severity of COPD, whereas 
having history of asthma, lung cancer, diabetes, high mMRC and CAT scores, high NE% and low albumin levels were 
risk factors. The incidence of lung cancer, asthma, bronchiectasis, high CAT score and high COTE index score were 
found to be risk factors for hospitalizations resulting from acute exacerbation in COPD with comorbidities. The presence 
of pulmonary comorbidities in COPD significantly increases the risk of moderate-to-severe acute exacerbation and 
hospitalizations. In accordance with our study, previous studies29–32 have demonstrated that comorbidities such as 
asthma, lung cancer, gastroesophageal reflux disease, depression, heart failure and cerebrovascular diseases increase 
the risk of acute exacerbations in COPD.

Both GOLD 2024 and Global Strategy for Asthma Management and Prevention (GINA) 2024 emphasize that COPD 
and asthma are distinct diseases, and asthma should be included in the management of COPD comorbidities, as they may 
share some common treatable traits and clinical features.1,33 Jeong SH et al34 found that asthma is a risk factor for more 
frequent acute exacerbations within one year in COPD with comorbidities. Similar to asthma, previous studies on 
pulmonary comorbidities in COPD have often focused on one of comorbidities such as bronchiectasis35,36 or lung 
cancer37 or OSA,6 while there is quite little knowledge available on the characteristics of COPD comorbidities that 
include the coexistence of COPD with these pulmonary comorbidities. Our research also showed that a high prevalence 
of pulmonary comorbidities was present in COPD, asthma for 23.23%, bronchiectasis for 19.82%, lung cancer for 
10.71%, and OSA for 7.50%. According to an analysis of clinical characteristics between pulmonary and extrapulmonary 
comorbidities in COPD, the pulmonary comorbidities group had higher mMRC and CAT score, a higher percentage of 
patients with more than two times moderate-to-severe acute exacerbations in the past year, and a higher proportion in 
E group based on ABE group. Previous studies38 have showed that COPD with asthma may have more symptoms, worse 
quality of life, more exacerbations of disease and higher healthcare utilization rates, moderate-to-severe COPD with 
bronchiectasis was linked to an increased risk of all-cause death and patients with bronchiectasis also experience acute 
exacerbations more frequently, female were also more likely to die from asthma and OSA,6 all suggesting that COPD 
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with pulmonary comorbidities have worse quality of life, higher mortality risks, more frequent acute exacerbation events, 
more severe clinical symptoms and higher healthcare expenses. Our laboratory data analysis of the pulmonary comor
bidities group revealed the level of peripheral blood EOS% and EOS were higher, high EOS levels were a risk factor for 
moderate-to-severe acute exacerbation in COPD. Similar to other studies,39 our research found eosinophilic airway 
inflammation existed in COPD with pulmonary comorbidities. However, we did not conduct further analysis to determine 
whether this phenomenon is solely related to the presence of asthma, but the effectiveness of targeted biological therapies 
may stem from this characteristic.40

Increased mortality and medical expenses linked to COPD are largely caused by acute exacerbations, especially 
moderate-to-severe exacerbations.41,42 How to exactly identify patients with high risk of acute exacerbations is still an 
outstanding question. Our study found that COTE index score over 5.5 is related to moderate-to-severe acute exacer
bation and hospitalizations due to acute exacerbation in COPD, with AUC of 0.624 and 0.675, respectively. As 
previously shown, lower COTE index score, younger and lower frailty scores were found in COPD patients with 
pulmonary comorbidities. This suggests that COTE index to assess COPD with pulmonary comorbidities may be 
insufficient, because it only includes lung cancer and pulmonary fibrosis. The AUCs for the number of pulmonary 
comorbidities in predicting moderate-to-severe acute exacerbation and hospitalizations due to acute exacerbations were 
0.607 and 0.651, respectively, which indicates that the number of pulmonary comorbidities do not have good predictive 
value. However, we showed that the AUCs for COTE index score in combination with the number of pulmonary 
comorbidities in predicting moderate-to-severe acute exacerbation and hospitalizations due to acute exacerbations were 
0.667 and 0.740, respectively. This indicates that COTE index score combined with the number of pulmonary 
comorbidities in COPD has a better predictive ability. Taken together, we concluded that COTE, the number of 
pulmonary comorbidities or both is not the perfect prediction indicator, only as potential indication of moderate-to- 
severe acute exacerbations of COPD and hospitalization due to acute exacerbations.

We further constructed clinical prediction models and produced Nomogram were the best models for predicting 
moderate-to-severe acute exacerbation and hospitalization. By using internal validation, it was found that the AUC of the 
training and validation sets for the two models were over 0.9. The prediction curves of the two models were well fitted to 
the ideal curves and both showed good accuracy. The evaluation of its clinical application effect by DCA showed that 
this model has a good clinical application effect for predicting moderate-severe acute exacerbation events and can be 
used as a clinical assessment tool. In particular, the Nomogram of the prediction model can predict the moderate-to- 
severe acute exacerbation events in COPD patients, the Nomogram score is used to calculate the risk probability, and 
interventions that manage comorbidities and symptoms may reduce the risk of acute exacerbation.

We further conducted age-based subgroup analysis. In moderate-to-severe acute exacerbation and hospitalization in 
COPD, we found a higher incidence of pulmonary comorbidities but a reduced risk of COTE-risk in the subgroup aged 
<65 years. Classification by age may reduce the risk of acute exacerbation and hospitalization. Pulmonary comorbidities 
in COPD are not limited to lung cancer, comorbidities such as asthma, bronchiectasis and OSA also increase the risk of 
acute exacerbation and hospitalizations, necessitating integrated management alongside COPD.

This study has some limitations. First, being a retrospective study, it may have incomplete patient medical records, 
which could affect the results. Second, the sample size is not sufficient, and future studies should aim to increase the 
sample size and extend follow-up periods to better explore the impact of COTE index score and pulmonary comorbidities 
on COPD. Finally, our prediction model lacks external validation. This will be needed in the future to determine whether 
the Nomogram have clinical utility. Despite with these limitations, our study still has the power to illustrate COTE and 
pulmonary comorbidities can predict the risk of moderate-to-severe acute exacerbation in COPD.

Conclusion
In summary, pulmonary comorbidities in COPD are high and contribute to a higher risk of acute exacerbation and 
hospitalization. COTE index score combined with pulmonary comorbidities and other indicators can predict the risk of 
moderate-to-severe acute exacerbation and hospitalization due to acute exacerbations in COPD.
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