
Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Clinical research
Pulmonology 

*Corresponding author:
Yanfei Guo PhD
Department of 
Respiratory and 
Critical Care 
Medicine
Beijing Hospital
National Center 
of Gerontology
Institute of Geriatric 
Medicine
Chinese Academy
of Medical Sciences 
E-mail: yanfeiguo2003@126.
com

1�Department of Respiratory and Critical Care Medicine, Beijing Hospital, National 
Center of Gerontology; Institute of Geriatric Medicine, Chinese Academy of Medical 
Sciences, Beijing, China

2�Research Center of Occupational Medicine, Peking University Third Hospital, Beijing, 
China 

3�The First Affiliated Hospital of Jinan University (also known as Guangzhou Overseas 
Chinese Hospital and the First Clinical Medical College of Jinan University), 
Guangzhou, China 

Submitted: 28 May 2024; Accepted: 16 July 2024
Online publication: 25 July 2024

Arch Med Sci 2025; 21 (2): 442–450
DOI: https://doi.org/10.5114/aoms/191299
Copyright © 2024 Termedia & Banach

Predictive score for in-hospital mortality in patients 
with severe acute exacerbations of chronic obstructive 
pulmonary disease

Yanlu Hu1, Yanyan Li1, Zhenzhen Xing2, Yang Cao3, Huanyu Long1, Yanfei Guo1* 

A b s t r a c t

Introduction: Chronic obstructive pulmonary disease (COPD) has shown 
a rising trend in morbidity and mortality over the years, leading to a grow-
ing economic burden globally. The aim of this study was to establish a pre-
dictive score for assessing the risk of death in patients with severe acute 
exacerbations of COPD (AECOPD) to help clinicians evaluate the condition 
and prognosis of patients.
Material and methods: Patients hospitalized for severe AECOPD were con-
secutively included. All patients were randomly assigned to the develop-
mental and validation cohorts in a  7 : 3 ratio. We identified independent 
prognostic factors for in-hospital mortality in the development cohort by 
univariate analysis and multivariate logistic regression analysis. In the vali-
dation cohort, the predictive power of the new score was verified and com-
pared to the other four scores.
Results: A total of 488 patients with severe AECOPD who were hospitalized 
between January 2011 and October 2022 were included. The mean age was 
78.0 ±8.2 years and 361 (74.0%) of the patients were male. The development 
cohort included 342 patients, 40 of whom died during hospitalization. The 
five independent risk factors associated with in-hospital mortality accord-
ing to multi-factorial regression analysis were white blood cell count (WBC)  
> 10 × 109/l, lymphocyte count < 0.8 × 109/l, age > 80 years, confusion, and 
chronic heart failure. In the validation cohort, the new prediction score had 
good predictive power (AUC = 0.826, 95% CI: 0.724–0.928) and performed 
more strongly than other clinical prediction scores.
Conclusions: The new predictive score is a simple and effective way to pre-
dict mortality in hospitalized patients with severe AECOPD.

Key words: severe acute exacerbations of chronic obstructive pulmonary 
disease, in-hospital mortality, predictive score, risk analysis.

Introduction

Chronic obstructive pulmonary disease (COPD) is a common, prevent-
able and treatable disease characterized by persistent respiratory symp-
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toms and airflow limitation, usually due to airway 
and alveolar abnormalities caused by exposure to 
harmful particles or gases [1]. Acute exacerbation 
of chronic obstructive pulmonary disease (AE-
COPD) is an important cause of poor prognosis for 
patients, as demonstrated by worsening respira-
tory symptoms and the need to change daily med-
ications [2]. Currently, World Health Organization 
(WHO) statistics show that COPD is the third lead-
ing cause of death worldwide [3]. According to 
the latest epidemiological survey on COPD in Chi-
na, the prevalence of COPD among people aged  
40 years and older reached 13.7%, a  significant 
increase from the 8.2% reported 10 years ago, 
and it is estimated that there are approximately  
100 million cases of COPD in China [4, 5]. With the 
advent of a globally aging society, the morbidity 
and mortality rates of COPD will continue to rise, 
which will impose a huge economic burden on the 
world. Despite significant advances in the treat-
ment of AECOPD, the prognosis for patients with 
severe AECOPD remains relatively poor. Patients 
with severe AECOPD require early assessment and 
intervention. 

Compared to single variables, predictive scores 
that include multiple variables provide a  better 
assessment of a  patient’s condition. Predictive 
scores can provide strong support for risk strat-
ification of patients and contribute to clinical 
management, including home treatment and ear-
ly discharge of low-risk patients, as well as early 
identification and appropriate palliative care of 
high-risk patients. Some prediction scores have 
been available to predict in-hospital mortality in 
patients with AECOPD, such as DECAF [6], CRUB-
65 [7], and BAP-65 [8]. The DECAF score, which 
includes five variables – dyspnea, eosinopenia, 
consolidation, acidemia and atrial fibrillation – 
has been shown in several studies to have a good 
predictive value for death during hospitalization 
in patients with AECOPD [9, 10]. Meanwhile, 
CURB-65 and BAP-65 have been used internation-
ally to predict the prognosis of AECOPD and other 
respiratory diseases [11, 12]. A multicenter study 
established the ABCDMP score to predict in-hospi-
tal death in patients with AECOPD and cardiovas-
cular disease and compared it with DECAF, CURB-
65, CAP-65 [13]. However, depending on the level 
of medical care and lifestyle habits in local areas, 
there are significant differences in the in-hospital 
mortality rates of AECOPD patients [14]. The ap-
plicability of these scores in various populations 
needs more validation. In addition, patients with 
severe AECOPD tend to have more complex and 
progressive disease, making prognostic assess-
ment more challenging. Therefore, new scores are 
needed to assess and predict in-hospital mortality 
in patients with severe AECOPD.

The purpose of this study is to develop and val-
idate a  predictive score that can simply and ac-
curately predict in-hospital mortality in patients 
with severe AECOPD to help clinical practitioners 
assess the prognosis of these patients.

Material and methods

Study design and patients

This study consecutively included all patients 
older than 40 years who were admitted to Beijing 
Hospital for severe AECOPD from January 2011 to 
October 2022. AECOPD is considered to be exac-
erbated dyspnea with increased or purulent cough 
and/or sputum that requires additional care [2]. All 
diagnoses, namely, the primary and five secondary 
diagnoses, were made according to the Internation-
al Classification of Diseases, Tenth Revision (ICD10) 
coding system. The patients in this study with se-
vere AECOPD were patients admitted to the Respi-
ratory  Intensive Care Unit (RICU), and patients in 
the general respiratory ward who were diagnosed 
with respiratory failure or required mechanical ven-
tilation during their hospitalization. The exclusion 
criteria for this study were hospitalization of less 
than 24 h, readmission within one month, and lack 
of partial medical information. The study was con-
ducted in accordance with the Declaration of Hel-
sinki and was approved by the Ethics Committee of 
Beijing hospital (BJ-2018-199).

In this study, a  development cohort was cre-
ated by randomly selecting 70% of patients from 
the overall population using statistical software, 
and the remaining 30% of patients were assigned 
to the validation cohort. We analyzed the develop-
ment cohort to derive variables that had a signif-
icant effect on hospitalized patient mortality and 
assigned a score to each variable. The scores for 
all independent predictor variables were summed 
to produce a total mortality score for each patient. 
Finally, we assessed the predictive ability of the 
scoring system using the area under the receiver 
operating characteristic curve (AUROC).

Data collected

We collected clinical data on patients from the 
electronic medical record system, which consisted 
mainly of demographic characteristics and labo-
ratory test results. Demographic characteristics 
included age, sex, body mass index (BMI), smok-
ing status, length of stay, long-term home oxygen-
ation, and confusion. Laboratory blood tests in-
cluded red blood cell count, white blood cell count 
(WBC), platelet count, neutrophil to lymphocyte ra-
tio (NLR), platelet to lymphocyte ratio (PLR), C-reac-
tive protein (CRP), N-terminal pro-brain natriuretic 
peptide (NT-proBNP), D-dimer, creatinine, uric acid, 
fibrinogen and urea. Blood samples were collected 
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from all patients within 24 h of admission, and the 
results of the first sampling were chosen.

The comorbidities we included were respirato-
ry failure, coronary heart disease (CHD), chronic 
heart failure (CHF), atrial fibrillation, hypertension, 
diabetes, cerebrovascular disease, chronic kidney 
disease (CKD), gastroesophageal reflux (GER), ane-
mia and sleep apnea hypopnea syndrome (SAHS).

Statistical analysis

The statistical software SPSS 26.0 was used 
throughout this study to analyze and process the 
data. All cases were described using frequencies 
and percentages for categorical variables and 
means and standard deviations for continuous 
variables. We used c2 tests and t-tests to analyze 
these variables for comparison.

We performed univariate analysis in the de-
velopment cohort and included variables with  
p < 0.10 in a multivariate logistic regression score 
to identify risk factors associated with short-term 
mortality in COPD. Factors with p < 0.05 in the 
multivariate analysis were ultimately selected for 
inclusion in the prediction score. The multivariate 
analysis demonstrated OR values and 95% confi-
dence intervals. We assigned a value to each risk 
factor to develop a prediction score. The area under 
the receiver operator characteristic curve (AUROC) 
was used to evaluate the performance of the score 
in predicting hospital mortality. The goodness of fit 
was calculated by the Hosmer-Lemeshow statistic. 
At the same time, we reassigned the patients’ indi-
cators according to the CURB-65, DECAF, m-DECAF, 
and BAP-65 risk scores and constructed their ROC 
curves and calculated the AUROC.

Results 

Characteristics of all patients

A total of 488 patients aged 40 years or older 
who met the inclusion and exclusion criteria were 
included in this study. After we randomly assigned 
patients in a 7 : 3 ratio, 342 patients were assigned 
to the development cohort, and the remaining 146 
were assigned to the validation cohort.

In the total sample, a total of 53 patients died 
during hospitalization, with a  mortality rate of 
10.9%. In-hospital mortality did not differ signifi-
cantly between the development and validation 
cohorts (p = 0.364). The mean age of the total 
population was 78.0 ±8.2 years, and 361 (74.0%) 
patients were male. The most common comorbid-
ities during hospitalization in patients with severe 
AECOPD were respiratory failure (77.5%), CHD 
(30.3%) and CHF (27.7%). There were no signifi-
cant differences between the factors of patients in 
the development and validation cohorts, and the 
results of the analysis are shown in Table I.

Comparisons between survivors  
and non-survivors in the development cohort

The development cohort of this study ultimate-
ly included 342 patients, 40 of whom died during 
hospitalization. The results of the comparison of 
patient demographic characteristics and laborato-
ry indicators between the non-survivor and survi-
vor groups are shown in Table II.

The mean age of patients in the development 
cohort was 78.2 ±8.2 years, and 76% of patients 
were male, but age and sex did not differ signifi-
cantly between the two groups. Patients who died 
during hospitalization had longer lengths of stay 
(28.5 ±24.7 vs. 18.2 ±14.0 days, p = 0.013). More 
patients in the death group had altered confu-
sion (65.0% vs. 32.4%, p < 0.001) during hospi-
talization. More patients who died in hospital had 
a combination of chronic heart failure (50.0% vs. 
24.2%, p < 0.001) than the survivors.

In non-survivors, the white blood cell count was 
higher (10.3 ±6.5 vs. 8.1 ±3.4 × 109/l, p = 0.047), 
while the red blood cell (3.8 ±0.8 vs. 4.1 ±0.6 × 
109/l, p = 0.039) and lymphocyte (0.8 ±0.6 vs. 1.1 
±0.6 × 109/l, p = 0.012) counts were both lower. 
The NLR was significantly higher (19.9 ±20.3) in 
patients in the death group than in those who 
survived (10.4 ±18.1, p = 0.007). In addition, pa-
tients in the death group also had lower albumin  
(33.2 ±6.0 vs. 35.4 ±5.7 g/l, p = 0.020) and PaCO2 
(45.5 ±2.4 vs. 53.6 ±7.3 mm Hg, p = 0.005), while 
pH (7.39 ±0.05 vs. 7.37 ±0.07, p = 0.046) was 
higher than that in the survivor group.

Development and validation of the new 
prediction score

Table III presents the multivariate analysis of 
the statistically significant variables associated 
with in-hospital death in patients with severe 
AECOPD. The analysis showed that lymphocyte 
count < 0.8 × 109/l (OR = 3.26, 95% CI: 1.55–6.86, 
p = 0.002), age > 80 years (OR = 2.26, 95% CI:  
1.07–4.77, p = 0.033), confusion (OR = 3.35,  
95% CI: 1.61–6.97, p = 0.001), CHF (OR = 2.81, 
95% CI: 1.39–5.69, p = 0.004) and WBC > 10 × 
109/l (OR = 2.96, 95% CI: 1.36–6.42, p = 0.006) 
were independent risk factors associated with 
in-hospital mortality. We assigned a score to each 
variable based on its OR value, with a  score of  
1 for each indicator, yielding a total score of 5 for 
the new predictive score for in-hospital mortality 
in patients with severe AECOPD.

Table IV and Figure 1 show the predictive effi-
cacy of the new score compared to the other pre-
dictive scores. In the validation cohort, the area 
under the ROC curve for the new predictive score 
was 0.826 (95% CI: 0.724–0.92), which was high-
er than that for the DECAF score (AUC = 0.783,  



Predictive score for in-hospital mortality in patients with severe acute exacerbations of chronic obstructive pulmonary disease

Arch Med Sci 2, April / 2025� 445

Table I. Descriptive characteristics in development and validation cohorts

Variables Total
(N = 488)

Development
(N = 342)

Validation
(N = 146)

P-value

In-hospital death 53 (10.9%) 40 (11.7%) 13 (8.9%) 0.364

Age [years]: 78.0 (8.2) 78.2 (8.2) 77.7 (8.2) 0.522

50–59 14 (2.9%) 10 (2.9%) 4 (2.7%) 0.580

60–69 68 (13.9%) 44 (12.9%) 24 (16.4%)

70 and above 406 (83.2%) 288 (84.2%) 118 (80.8%)

Sex:

Male 361 (74.0%) 260 (76.0%) 101 (69.2%) 0.115

Female 127 (26.0%) 82 (24.0%) 45 (30.8%)

Smoking status:

Never smoker 102 (20.9%) 78 (22.8%) 24 (16.4%) 0.268

Former smoker 314 (64.3%) 216 (71.9%) 98 (67.1%)

Current smoker 72 (14.8%) 48 (14.0%) 24 (16.4%)

BMI [kg/m2] 23.2 (4.6) 23.1 (4.7) 23.5 (4.4) 0.361

Length of stay [days] 18.7 (14.6) 19.4 (16.0) 16.9 (10.8) 0.088

ADL index at admission 43.4 (30.0) 41.7 (29.4) 47.3 (31.1) 0.055

Confusion 179 (36.7%) 124 (36.3%) 55 (37.7%) 0.767

Comorbidities:

Respiratory failure 378 (77.5%) 268 (78.4%) 110 (75.3%) 0.465

CHD 148 (30.3%) 105 (30.7%) 43 (29.5%) 0.783

CHF 135 (27.7%) 93 (27.2%) 42 (28.8%) 0.722

Atrial fibrillation 95 (19.5%) 68 (19.9%) 27 (18.5%) 0.723

Diabetes 128 (26.2%) 91 (26.6%) 37 (25.3%) 0.771

CKD 79 (16.2%) 60 (17.5%) 19 (13.0%) 0.213

GER 88 (18.0%) 63 (18.4%) 25 (17.1%) 0.733

SAHS 31 (6.3%) 22 (6.4%) 9 (6.2%) 0.911

Hypertension 288 (59.0%) 200 (58.5%) 88 (60.3%) 0.712

Cerebrovascular disease 91 (18.6%) 61 (14.9%) 30 (20.5%) 0.481

Date are presented as mean ± standard deviation (SD) for continuous variables and percentages for categorical variables. BMI – body 
mass index, CHD – coronary heart disease, CHF – chronic heart failure, CKD – chronic kidney disease, GER – gastroesophageal reflux,  
SAHS – sleep apnea hypopnea syndrome.

Table II. Comparison of demographic and clinical characteristics of patients between non-survivors and survivors 
in development cohort

Variables Non-survivors
(n = 40)

Survivors
(n = 302)

P-value

Age [years]: 80.3 (7.3) 77.9 (8.3) 0.081

≤ 80 15 (37.5%) 170 (55.9%) 0.028

> 80 25 (62.5%) 134 (44.1%)

Sex:

Male 33 (82.5%) 227 (75.2%) 0.307

Female 7 (17.5%) 75 (24.8%)

Smoking status: 0.175

Never smoker 6 (15.0%) 72 (23.8%)

Former smoker 29 (72.5%) 187 (62.0%)

Current smoker 5 (12.5%) 43 (14.2%)

BMI [kg/m2] 22.8 (4.9) 23.1 (4.7) 0.662

Long-term home oxygen therapy 7 (17.5%) 71 (23.5%) 0.395
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Variables Non-survivors
(n = 40)

Survivors
(n = 302)

P-value

Length of stay [days] 28.5 (24.7) 18.2 (14.0) 0.013

ADL index at admission 26.9 (27.4) 43.6 (29.2) 0.001

Confusion 26 (65.0%) 98 (32.4%) < 0.001

Comorbidities:

CHD 12 (30.0%) 93 (30.8%) 0.918

Hypertension 21(52.5%) 179(59.3%) 0.414

CHF 20 (50.0%) 73 (24.2%) < 0.001

Atrial fibrillation 9 (22.5%) 59 (19.5%) 0.659

Diabetes 13 (32.5%) 78 (25.8%) 0.370

CKD 9 (22.5%) 51 (16.9%) 0.380

GER 5 (12.5%) 58 (19.2%) 0.304

SAHS 2 (5.0%) 20 (6.6%) 0.604

Cerebrovascular disease 8(20.0%) 53(17.5%) 0.704

White blood cell count [×109/l]: 10.3 (6.5) 8.1 (3.4) 0.047

< 4 4 (10.0%) 17 (5.6%) 0.009

4–10 20 (50.0%) 222 (73.5%)

> 10 16 (40.0%) 63 (20.9%)

Red blood cell count [× 109/l] 3.8 (0.8) 4.1 (0.6) 0.039

Platelet count [× 109/l] 186.8 (98.3) 189.6 (96.3) 0.862

Eosinophil count [×106/μl] 155.3 (412.7) 104.7 (129.1) 0.446

Neutrophil count [× 109/l] 8.7 (6.5) 7.0 (7.5) 0.173

Lymphocyte count [× 109/l]: 0.8 (0.6) 1.1 (0.6) 0.012

< 0.8 26 (65.0%) 112 (37.1%) 0.001

> 0.8 14 (35.0%) 190 (62.9%)

NLR, % 19.9 (20.3) 10.4 (18.1) 0.007

PLR, % 378.4 (346.6) 260.8 (385.2) 0.067

CRP [mg/l] 9.6 (8.7) 6.1 (13.5) 0.115

D-dimers [μg/l] 938.3 (947.2) 656.2 (853.3) 0.053

NT-proBNP [pg/ml] 1929.9 (3120.0) 913.6 (2020.9) 0.051

Blood glucose [mmol/l] 7.5 (3.6) 7.3 (3.7) 0.781

Albumin [g/l] 33.2 (6.0) 35.4 (5.7) 0.020

Fibrinogen [g/l] 4.4 (1.60 4.3 (3.8) 0.820

Creatinine [μmol/l] 104.3 (81.4) 84.3 (64.5) 0.075

Uric acid [μmol/l] 296.6 (164.2) 263.6 (121.1) 0.226

Urea [mmol/l] 7.3 (8.1) 5.8 (2.6) 0.240

pH 7.39(±0.05) 7.37(±0.07) 0.046

PaO2 [mm Hg] 81.4(±43.5) 78.6(±24.9) 0.688

PaCO2 [mm Hg] 45.5(±12.4) 53.6(±17.3) 0.005

PaO2/FiO2 [mm Hg] 235.2(±116.8) 243.4(±121.9) 0.685

Date are presented as mean ± standard deviation (SD) for continuous variables and percentages for categorical variables. BMI – body 
mass index, CHD – coronary heart disease, CHF – chronic heart failure, CKD – chronic kidney disease, GER – gastroesophageal reflux,  
SAHS – sleep apnea hypopnea syndrome, NLR – neutrophil/lymphocyte ratio, PLR – platelet/lymphocyte ratio, CRP – C-reactive protein, 
NT-proBNP – N-terminal pro-brain natriuretic peptide, PaO

2
 – arterial partial pressure of oxygen, PaCO

2
 – arterial partial pressure of carbon 

dioxide, PaO
2
/FiO

2 
– oxygenation index.

Table II. Cont.
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Table III. Logistic regression analysis of in-hospital mortality of patients with severe AECOPD in development 
cohort

Parameter Univariable analysis Multivariable analysis

OR (95% CI) P-value OR (95% CI) P-value

Age [years]:

≤ 80 1.00 (ref)

> 80 2.12 (1.07–4.18) 0.030 2.26 (1.07–4.77) 0.033

Male 1.56 (0.66–3.67) 0.310

BMI [kg/m2] 0.87 (0.92–1.06) 0.661

Admission index of ADL 0.98 (0.97–0.99) 0.001 0.99 (0.97–1.00) 0.054

Smoking status (ever vs. never) 1.87 (0.75–4.70) 0.182

CHF 3.14 (1.60–6.15) 0.001 2.81 (1.39–5.69) 0.004

Confusion 3.87 (1.93–7.73) < 0.001 3.35 (1.61–6.97) 0.001

White blood cell count [×109/l]:

< 4 2.61 (0.80–8.51) 0.111 2.22  (0.61–7.99) 0.224

4–10 1.00 (ref) 1.00(ref)

> 10 2.82 (1.38–5.76) 0.004 2.96 (1.36–6.42) 0.006

Lymphocyte count [× 109/l]:

< 0.8 3.15 (1.58–6.28) 0.001 3.26 (1.55–6.86) 0.002

≥ 0.8 1.00 (ref) 1.00 (ref)

Platelet count [× 109/l]:

< 100 2.65 (1.11–6.35) 0.028 2.22 (0.86–5.76) 0.100

≥ 100 1.00(ref) 1.00 (ref)

NLR, % 1.02 (1.00–1.03) 0.024 1.00 (0.98–1.03) 0.219

PLR, % 0.11 (0.08–0.17) 0.142

CRP [mg/l] 1.01 (0.99–1.03) 0156

Albumin [g/l]:

< 35 1.89 (1.19–2.47) 0.016 1.00 (0.94–1.09) 0.391

≥ 35 1.00 (ref)

NT-proBNP [pg/ml] 1.00 (1.00–1.00) 0.038 1.00 (1.00–1.00) 0.467

D-dimer [μg/l]:

< 500 1.00 (ref) 1.00 (ref)

500–1000 2.57 (1.09–6.08) 0.154 0.94 (0.82–2.55) 0.513

> 1000 2.58 (1.09–6.018) 0.031 1.76 (0.54–6.99) 0.374

PaCO2 [mm Hg] 0.97 (0.94–0.99) 0.006 0.95 (0.93–1.01) 0.091

PaO2/FiO2 [mm Hg] 1.00 (0.98–1.02) 0.788

BMI – body mass index, CHF – chronic heart failure, CKD – chronic kidney disease, GER – gastroesophageal reflux, SAHS – sleep apnea 
hypopnea syndrome, NLR – neutrophil/lymphocyte ratio, PLR – platelet/lymphocyte ratio, CRP – C-reactive protein, NT-proBNP – N-terminal 
pro-brain natriuretic peptide, PaO

2
 – arterial partial pressure of oxygen, PaCO

2
 – arterial partial pressure of carbon dioxide, PaO

2
/FiO

2 
– 

oxygenation index.

Table IV. AUROC curve of in-hospital mortality of severe AECOPD patients according to the new score and other 
scores in validation cohort. AUROC, area under the ROC curve

Variable Sensitivity Specificity AUROC (95% CI) P-value

New score 0.692 0.812 0.826 (0.724–0.928) < 0.001

DECAF 0.538 0.842 0.783 (0.637–0.905) 0.001

CURB-65 0.692 0.564 0.652 (0.496–0.808) 0.071

BAP-65 0.615 0.820 0.730 (0.569–0.890) 0.006

m-DECAF 0.692 0.812 0.807 (0.688–0.926) < 0.001
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p = 0.001), BAP-65 score (AUC = 0.730, p = 0.006), 
CURB-65 score (AUC = 0.652, p = 0.071) and 
m-DECAF score (AUC = 0.807, p < 0.001).

Discussion

We developed a  predictive score to predict 
in-hospital death in patients with severe AECOPD. 
The score contains parameters that are simple and 
easy to obtain and has good predictive power for 
identification. The new predictive score contains 
five variables: age > 80 years, confusion, lympho-
cyte count < 0.8 ×109/l, CHF, WBC > 10 × 109/l.

Internationally, several predictive scores have 
been developed for mortality during hospitaliza-
tion in patients with AECOPD, and the scores that 
have been recognized as good predictors include 
the DECAF, m-DECAF, BAP-65, and CURB-65. The 
DECAF score consists of five variables and is com-
monly used in the general population of patients 
with AECOPD, while the m-DECAF score replac-
es one of the variables in the DECAF score with 
a variable from the DECAF score. A meta-analysis 
showed that these two scores were superior to 
other scores in predicting in-hospital mortality in 
patients with AECOPD [15]. In our study, the new 
score was a stronger predictor of in-hospital mor-
tality than DECAF and m-DECAF in patients with 
severe AECOPD. The CURB-65 score contains five 
variables and is easy to use clinically but is more 
commonly used in patients with community-ac-
quired pneumonia. The BAP-65 score contains 
four variables that can be used to predict mor-
bidity and mortality and the need for mechanical 
ventilation in patients with AECOPD. However, due 

to the greater complexity of patients with severe 
AECOPD, the indicators in the above scores are not 
fully applicable, and some of the indicators were 
not significantly associated with in-hospital mor-
tality in this study. There are few predictive scores 
for mortality during hospitalization in patients 
with severe AECOPD. Therefore, we established 
a  new score to predict the in-hospital mortality 
of patients with severe AECOPD to help clinical 
treatment and improve patient prognosis. Mean-
while, we compared the new predictive score with 
other predictive scores in the validation cohort 
and found that the new score had better predic-
tive ability. The five variables in the new score are 
all routine and simple variables obtained during 
hospitalization and do not require complex calcu-
lation formulas, so it is easier to predict patients’ 
conditions and prognosis, and it is more conve-
nient and quicker to use in the clinic.

Increasing age leads to a physiological decline 
in lung function, reduced lung remodeling and re-
generative capacity, and increased susceptibility 
to acute and chronic lung disease in the elderly 
population [16]. Various studies have shown that 
older age is an important risk factor for poor prog-
nosis in COPD [2, 17]. A multicenter, large-sample 
retrospective study in China showed that age > 80 
years was an independent risk factor for in-hospi-
tal death in patients with acute exacerbation of 
chronic obstructive pulmonary disease [18]. The 
results of a  prospective study showed that old 
age is a determinant of poor prognosis in patients 
with AECOPD, with 68–76 years (HR = 6.6; 95% CI:  
1.5–28.8, p = 0.013) and ≥ 76 years (HR = 7.2; 
95% CI: 1.6–32.6, p = 0.010) being independent 
predictors of short-term mortality in patients with 
AECOPD [19].

Our study showed that a  significantly higher 
proportion of severe AECOPD patients who died 
in hospital had significantly higher rates of im-
paired consciousness during hospitalization than 
the surviving group. This is because patients with 
severe AECOPD often suffer from carbon dioxide 
retention and reduced partial pressure of oxygen. 
This may lead to damage to nerve cells in the 
brain tissue and affect excitability of the cerebral 
cortex, thus causing altered mental status. Previ-
ous studies have found that a low Glasgow Coma 
Scale (GCS) score is significantly associated with 
increased mortality in patients admitted to the 
ICU [20, 21]. Meanwhile, altered consciousness 
was used as a  variable in some of the AECOPD 
in-hospital mortality prediction scores, such as 
BAP-65 and CURB-65.

In our previous study, lymphopenia was an in-
dependent predictor of in-hospital mortality in 
patients admitted to the ICU [22]. Since patients 
with acute exacerbation of chronic obstructive 

 The new modle        DECAF         BAP-65         
 CURB-65          m-DECAF        References line

Figure 1. Receiver operator characteristic curves of 
prognostic scores for in-hospital mortality in vali-
dation cohort
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pulmonary disease are often associated with bac-
terial or viral infections, this affects the balance 
of the immune system in the lungs, which acti-
vates the inflammatory response and leads to in-
filtration of inflammatory cells in the airways [23, 
24], which may lead to a decrease in circulating 
lymphocytes. Lower lymphocytes mean that pa-
tients are less immune and more susceptible to 
infection, increasing in-hospital mortality. Acan-
fora found that a  low relative lymphocyte count 
was associated with higher mortality in elderly 
patients with severe AECOPD [25].

Our study also found that elevated WBC was 
an independent predictor of in-hospital mortality 
in patients with severe AECOPD. Elevated WBCs 
may indicate that AECOPD patients have inflam-
mation and bacterial infections, which can lead to 
a breakdown of the patient’s immune system, re-
sulting in increased mortality in AECOPD patients. 
Mia Moberg found that increased leukocytes were 
a  significant predictor of mortality and hospital-
ization rates in patients with severe AECOPD [26]. 
In previous studies, leukocytes were significant-
ly higher in AECOPD patients in the death group 
than in those in the survivor group [27]. 

About 30% of patients with severe AECOPD in 
this study population had comorbid chronic heart 
failure. Chronic obstructive pulmonary disease and 
chronic heart failure share common risk factors, 
such as smoking, air pollution, and aging. Chronic 
heart failure and chronic obstructive pulmonary 
disease have a mutually reinforcing role in the de-
velopment of the disease. With the development 
of chronic obstructive pulmonary disease, the 
gradual increase in pulmonary vascular resistance 
leads to increased pulmonary artery pressure and 
right ventricular dysfunction. In addition, the hy-
poxia and acidosis caused by chronic obstructive 
pulmonary disease shorten diastolic and systolic 
phases, which in turn leads to cardiac dysfunc-
tion [28, 29]. It has been found that patients with 
COPD who have heart failure have an increased 
mortality rate during hospitalization, and that the 
all-cause mortality rate of patients with chronic 
obstructive pulmonary disease who have com-
bined heart failure is 1.6 times higher than that of 
patients who do not have combined heart failure 
[30]. One other study found that heart failure was 
an independent risk factor for long-term mortality 
in patients with AECOPD [31].

Overall, our study established a  simple and 
practical scoring system for assessing in-hospital 
mortality in patients with severe AECOPD, which 
is based on easily accessible history and blood pa-
rameters, is low-cost, and has high value for use in 
clinical care. Our study has some limitations. First, 
due to its single-center design and small sample 
size, there may be some degree of selection bias. 
Second, internal validation at the same center 

may lead to overfitting, and its applicability to oth-
er regions and populations remains to be verified. 
Thirdly, the prevalence of COVID-19 also affects 
patient follow-up. Therefore, the score must be 
validated in a multicenter database with a larger 
sample size and long-term follow-up in order to 
evaluate and further improve the score.

In conclusion, we developed a predictive score 
for predicting mortality during hospitalization in 
patients with severe AECOPD, which contains five 
variables: age > 80 years, confusion, lymphocyte 
count < 0.8 × 109/l, WBC > 10 × 109/l and CHF. The 
new predictive score can help clinicians assess the 
prognosis of patients and select appropriate treat-
ment options, which still need to be validated in 
a larger population in the future.
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