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Purpose: The study aimed to give a comprehensive overview of characteristics and evaluate 
in-hospital clinical outcomes among hospitalized acute exacerbation of chronic obstructive 
pulmonary disease (AECOPD) patients in China using data from the AECOPD inpatient 
registry (ACURE).
Patients and Methods: The ACURE is an ongoing, national, multicenter, observational 
registry. Participants enrolled during phase I stage (1st September 2017 to 25th 

February 2020) of ACURE with confirmed AECOPD diagnoses were studied. Descriptive 
analyses were conducted to describe features and occurrences of in-hospital clinical out-
comes of AECOPD inpatients in real-world China.
Results: A total of 5334 AECOPD inpatients from 163 sites in 28 provinces or province-level 
municipalities were included. Among all participants, 78.8% were males and the median age was 
69.0 [interquartile range (IQR): 63.0–76.0] years. The proportions of current and former smokers 
were 23.6% and 44.2%, respectively. The median age at COPD diagnosis was 64.0 (IQR: 
57.0–71.0) years and 88.7% participants demonstrated at least one comorbidity. During stable 
period, only 56.9% subjects received pharmacological therapies and the influenza vaccination 
rate was 2.9%. During hospitalization, 99.5% subjects received pharmacological treatments and 
antibiotics were prescribed to 90.9% participants. The all-cause in-hospital mortality was 0.1% 
and no significant difference was found across hospital categories.
Conclusion: Clinical features of Chinese AECOPD inpatients were different from those of 
other populations. In real-world China, the clinical management during stable period was 
unsatisfied, whereas therapy during hospitalization was effective regarding in-hospital clin-
ical outcomes regardless of hospital category.
Keywords: registries, demography, therapeutics, disease management, hospital mortality, 
public health

Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by chronic and 
irreversible airflow limitation, which remains a significant global health problem 
due to its high prevalence and mortality.1 Although often underdiagnosed, it was 
estimated that 174.5 million adults had prevalent COPD and 3.2 million died from 
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COPD worldwide in 2015.2 In China, the prevalence of 
COPD was 8.6%, corresponding to 99.9 million COPD 
patients aged 20 years or older in 2015.3 The economic 
burden imposed by COPD is also unignorable. Globally, 
COPD is predicted to be the 7th cause of disability- 
adjusted life years by 2030. In China, COPD has already 
become the 2nd cause of disability-adjusted life years 
among chronic diseases since 2001.4

Acute exacerbation of COPD (AECOPD) has been 
defined as events characterized by deterioration of respira-
tory symptoms leading to change in regular treatment.5 

These events are common among COPD patients and 
have placed substantial burden on patients, health services 
and society. AECOPD is the major cause of hospitalization 
among all COPD patients.6 Hospitalization discharge 
accounted for over 70% of COPD-related medical expen-
ditures in the United States (US).7 In China, the indirect 
burden is even heavier considering the premature mortality 
and productivity losses of patients and their family 
members.4 Acute exacerbations deteriorate patients’ phy-
sical functions and have profound negative effects on their 
quality of life.8,9 Among some patients, recovery may not 
be achieved in a short period of time or forever, which 
could prevent them back to workplace.10 As reported by 
Seemungal et al,11 about 7% of AECOPD patients could 
not recover to their pre-exacerbation pulmonary function 
levels within 3 months.

Due to the considerable burden of AECOPD, thor-
oughly understanding of the characteristics and clinical 
outcomes of AECOPD patients is required to help opti-
mize clinical management and improve their prognosis. 
There were a few studies exploring characteristics, health-
care resource usages and clinical outcomes among 
AECOPD patients.12–17 However, results varied across 
countries. To our knowledge, there is still a lack of studies 
on this topic in China with large sample sizes in real-world 
setting. This study aimed to give a comprehensive over-
view of characteristics and evaluate in-hospital clinical 
outcomes among patients hospitalized with AECOPD in 
real-world China using data from the AECOPD inpatient 
registry (ACURE).

Patients and Methods
Study Design and Participants
The ACURE is an ongoing, national, multicenter, observa-
tional registry designed to describe the characteristics and 
explore the prognosis and clinical management of 

hospitalized AECOPD patients in real-world setting 
(ClinicalTrials.gov identifier: NCT02657525). It started 
from 1st September 2017 and planned to recruit 7600 in- 
hospital AECOPD patients with a 3-year follow-up. Study 
sites could be classified as tertiary general, tertiary tradi-
tional Chinese medicine (TCM), secondary general and 
secondary TCM hospitals according to the 3-tier system 
and hospital types.18 The phase I data collection ended on 
25th February 2020. Participants underwent screenings at 
admission to confirm the eligibility for enrollment. The 
eligibility criteria have been described elsewhere.19

The protocol of ACURE19 has been approved by the 
ethics committee of China-Japan Friendship Hospital 
(approval number: 2015-88). The ACURE was conducted 
in accordance with the Declaration of Helsinki. All partici-
pants have signed the informed consent before enrollment.

Procedures and Measurements
At admission, each eligible subject was given an in-depth 
interview to collect the demographics, smoking history, 
medical history, management of disease during stable per-
iod, etc. Physical examinations were also conducted. 
Demographics included age, sex, education level, and 
body mass index, which was transformed from the height 
and weight measurements. Regarding smoking history, 
participants were characterized as current-, former- or non- 
smokers. Smoking beginning age, smoking cessation age 
(if former smokers), tobacco type and the amount of 
smoking per unit time were collected for current and 
former smokers. The amount of smoking per unit time 
for various tobacco types was standardized to the number 
of cigarettes (one cigarette was equivalent to one gram of 
tobacco or half of a cigar).20 Then, the intensity of cigar-
ette smoking (pack-year) was derived from the number of 
cigarettes smoked per day and the smoking duration. 
Medical history including hospitalization and emergency 
room visiting due to AECOPD in the past year were asked 
for each subject. Respiratory symptoms in the past month 
were assessed using the COPD assessment test (CAT), 
which is an 8-item questionnaire used to measure the 
impact of respiratory disease on patients’ health status. 
The score of CAT ranges from 0 to 40, with 0 indicating 
the best health status while 40 as the worst.21 And the 
minimum clinically important difference of CAT was 2 
points.22

During hospitalization, treatment and auxiliary examina-
tion results including laboratory and lung function tests were 
recorded if available. Corticosteroids were further classified 
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as inhaled corticosteroids (ICS) and systemic ones accord-
ing to the administration route. Systemic corticosteroids 
were defined as corticosteroids administered orally or by 
injection and distributed through the whole body.23 The 
daily and total dosage of systemic corticosteroids were 
also analyzed (standardized to the dosage of prednisone).24 

All auxiliary examinations were conducted in local sites and 
the results were uploaded to the database by investigators. If 
laboratory data were unavailable during hospitalization, the 
most recent results within 3 days before admission were 
used for imputation. If multiple tests were conducted after 
admission, the earliest one was used. While for lung func-
tion test, the data were all derived in stable state and we 
chose the latest result for analysis if multiple tests were 
available before discharge. If no data available before 
admission and during hospitalization, the last result within 
30 days after discharge was used. To ensure the quality and 
uniformity of spirometry data, training on performing spiro-
metry was provided to each study site by professional doc-
tors from central site. Severity of airflow limitation was 
classified into four grades based on the 2017 Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
report: GOLD 1 [forced expiratory volume in one second 
(FEV1)% predicted≥80], GOLD 2 (50≤FEV1% pre-
dicted<80), GOLD 3 (30≤FEV1% predicted<50) and 
GOLD 4 (FEV1% predicted<30).5

At discharge, physicians recorded the discharge diag-
noses and clinical outcomes including death, intensive care 
unit admission, CAT score and total direct cost for each 
participant. The discharge diagnosis of AECOPD was 
made by physicians based on subjects’ signs and symp-
toms, family and medical histories (eg, previous diagnoses 
of COPD), irritant exposures, and former or in-hospital 
tests including lung function tests and chest imaging.19,25 

The previous diagnoses of COPD were made by physi-
cians according to the GOLD lung function criteria.5 

Comorbidities were defined as diseases other than 
AECOPD based on discharge diagnoses and were further 
classified as pulmonary and extrapulmonary ones accord-
ing to the affected systems. Total direct costs were trans-
formed to US dollars using the average exchange rate in 
2019 (one US dollar was equivalent to 6.90 yuan) because 
most subjects were enrolled in this year.

Statistical Analysis
For continuous variables, mean and standard deviation 
were described for data with normal distribution, while 
median and interquartile range (IQR) were used to depict 

skewed data. For categorical variables, frequencies and 
percentages were demonstrated. For group comparisons, 
analysis of variance was used for normal distributed vari-
ables, Kruskal-Wallis test was applied for skewed vari-
ables, while Pearson’s chi-squared test or Fisher’s exact 
test were conducted for categorical variables. Bonferroni 
correction was used to adjust for multiple comparisons.

Statistical significance was defined as achieving a two- 
sided P-value of less than 0.05. All statistical analyses 
were performed by Stata version 15 (StataCorp. 2017. 
Stata Statistical Software: Release 15. College Station, 
TX: StataCorp LLC).

Results
During the phase I stage of the ACURE, a total of 5334 
AECOPD inpatients were enrolled out of 6335 subjects 
underwent screening for eligibility. The flow chart of 
obtaining the study population is shown in Figure 1. 
They were from 163 sites in 28 provinces or province- 
level municipalities around China. And all of the seven 
geographical areas in China were covered.

Demographics and Smoking History
Among the 5334 subjects, 4010 (75.2%) were from ter-
tiary general hospital, 698 (13.1%) were from tertiary 
TCM hospital, 612 (11.5%) were from secondary general 
hospital and the other 14 (0.3%) were from secondary 
TCM hospital. The demographics and smoking history of 
the study population were summarized both in total and by 
hospital category (Table 1). The subjects from secondary 
general and secondary TCM hospital were combined due 
to small sample sizes.

Among all participants, 78.8% were males and the 
median age was 69.0 (IQR: 63.0–76.0) years. Regarding 
smoking history, 23.6% (1259) subjects were current smo-
kers, whereas 32.2% (1715) subjects were never-smokers. 
For the 3619 current or former smokers, they began smok-
ing at a median age of 21.0 (IQR: 20.0–29.0) years and 
smoked 39.0 pack-years on average with a median con-
sumption of 20.0 cigarettes per day.

Medical History and Laboratory Finding
The median age at COPD diagnosis was 64.0 (IQR: 57.-
0–71.0) years among all participants. In the past year 
before admission, 1549 (29.0%) subjects experienced two 
or more hospitalizations and 1295 (24.3%) subjects visited 
emergency rooms frequently (≥2 times) due to AECOPD. 
The CAT questionnaire was scored over 10 points by 
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90.5% participants in the recent month before admission. 
Among 3882 subjects with spirometry data, the majority 
of subjects were classified as GOLD 2, 3 and 4 stages 
(30.3%, 41.5% and 23.3%, respectively). Overall, 88.7% 
subjects demonstrated at least one comorbidity. Two thirds 
of in-hospital AECOPD patients were complicated with 
pulmonary comorbidities and 70.0% subjects reported 
extrapulmonary comorbidities (Table 2).

Among the 3822 subjects with blood eosinophil count 
results at baseline, 17.4% had eosinophil over 300 cells 
per microliter blood, while 45.1% subjects had eosinophil 
below 100 cells per microliter blood. The distribution of 
blood eosinophil count was similar in all hospital cate-
gories. Among 2338 subjects with arterial blood gas 
results before receiving respiratory support, 18.9% had 
PaCO2≥50 mmHg and no clinical significance was found 
across hospital categories. Detailed information of labora-
tory finding is shown in Table 2.

Usage of Treatment
During stable period, 56.9% subjects received pharmaco-
logical treatments (Table 3). The combined inhalation 
therapy [long-acting beta2-agonist (LABA)/long-acting 
muscarinic antagonist (LAMA) or ICS/LABA/LAMA] 
was the most common one and was reported by 33.0% 

of subjects. Only 2.9% of participants had previously 
received influenza vaccine to prevent AECOPD.

During hospitalization, 99.5% subjects received phar-
macological treatments. Overall, short-acting inhaled 
bronchodilator, corticosteroids, antibiotics and methyl-
xanthines were given to 72.7%, 78.8%, 90.9% and 
72.7% of subjects, respectively. The proportion of subjects 
using short-acting inhaled bronchodilator was the highest 
in secondary hospitals, whereas was the lowest in the 
tertiary TCM hospitals. Subjects in the tertiary general 
hospitals were more likely to use corticosteroids compared 
to those in the tertiary TCM (80.3% vs 72.3%) and sec-
ondary hospitals (80.3% vs 76.0%) (all P<0.05). The pro-
portions of participants prescribed inhaled and systemic 
corticosteroids were 66.3% and 36.9%, respectively. 
Among participants receiving systemic corticosteroids, 
the median daily and total dosage of systemic corticoster-
oids were 50.0 (IQR: 50.0–50.0) mg and 266.7 (IQR: 
175.0–400.0) mg, respectively. For respiratory support, 
82.7% subjects received oxygen therapy (including con-
ventional or high flow), noninvasive or invasive positive- 
pressure ventilation during hospitalization. A total of 4034 
(75.6%) subjects took oxygen therapy as the highest level 
of respiratory support, whereas 6.8% and 0.3% required to 
take noninvasive and invasive positive-pressure ventila-
tion, respectively. The proportion of subjects receiving 

Figure 1 Flow Chart of Obtaining the Study Population. 
Abbreviations: ACURE, acute exacerbation of chronic obstructive pulmonary disease inpatient registry; AECOPD, acute exacerbation of chronic obstructive pulmonary 
disease.
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respiratory support was the highest in tertiary general 
hospitals, whereas was the lowest in the tertiary TCM 
hospitals. Detailed treatment information is shown in 
Table 3.

In-Hospital Clinical Outcomes
The overall all-cause mortality during hospitalization was 
0.1%, which corresponded to eight cases of death (Table 4). 
No significant difference was found across hospital cate-
gories. Among all participants, 2886 (54.3%) stayed in hos-
pital for no longer than 10.0 days and the median total cost 
was 1424.3 (IQR: 1027.3–2013.0) US dollars. On average, 
subjects in tertiary TCM hospitals had the longest length of 
stays and heaviest total direct costs during hospitalization. In 
total, 83 (1.6%) subjects were admitted to intensive care unit. 
At discharge, CAT questionnaire was scored ≤20 points by 
89.6% subjects. Compared with admission, the median 
change of CAT score was −7.0 (IQR: −12.0– −3.0) at dis-
charge, which had already exceeded the minimum clinically 
important difference of the CAT. The decreases of CAT score 
were less significant among subjects in tertiary general hos-
pitals as compared to those in tertiary TCM and secondary 
hospitals (medians: −7.0 vs −9.0, P<0.05).

Discussion
To our knowledge, this is the first and largest study to 
explore the characteristics and in-hospital clinical out-
comes among Chinese hospitalized AECOPD patients in 
real-world setting. We found that some characteristics 
including smoking and medical history were different 
among Chinese AECOPD inpatients as compared to 
those from other countries. China is the largest nation of 
tobacco manufacturing and consumption. About 30% of 
tobacco are produced and consumed in China.26 Although 
the rate and amount of smoking among patients hospita-
lized with AECOPD were high, they were lower compared 
to those in some other countries (rate ranges: 82%–96%, 
average amount ranges: 40–56 pack-years).13,14,27,28 

Smokers often demonstrate more severe symptoms, such 
as dyspnea and cough, than non-smokers.29 And the dose- 
response relationship between tobacco consumption and 
severity of COPD has been established worldwide.4,30,31 

Therefore, we supposed that the clinical prognosis of 
Chinese AECOPD inpatients would be better, but still 
could be improved by conducting education of smoking 
cessation. The age at COPD diagnosis was relatively older 
in Chinese AECOPD patients as compared to those from 
other countries including Russia and India.28,32 It was 

most likely due to the delayed diagnosis of COPD in 
China. As reported by Zhong et al,33 only one third of 
subjects classified as GOLD 1 stage at screening had been 
diagnosed with respiratory diseases previously. Another 
study stated that Chinese patients used to visit physicians 
until symptoms were intolerable,4 which was consistent 
with our finding that over 90% subjects experienced mod-
erate to very high level of impact on daily activities 
imposed by COPD in the past month before admission. 
More efforts should be put on spreading knowledge of 
COPD and reducing health-care disparities in order to 
achieve early diagnosis and timely treatment, which 
could ultimately improve patients’ clinical prognosis. The 
proportion of AECOPD inpatients with at least one comor-
bidity was higher in our study than that in Sweden,34 

Russia,28 and Singapore.35 Comorbidities have found to 
cause increased hospitalizations, healthcare costs, and 
mortality.36 In addition, comorbidities also impose diffi-
culties on therapy of COPD.1,37 Generally, the comorbid-
ities should be treated according to usual standards 
regardless of COPD. However, excess attention should 
be paid to avoid polypharmacy and the interaction of 
different drugs should be taken into account when making 
the care plan for COPD patients with comorbidities.1

The clinical management during stable period was 
unsatisfied among COPD patients in China, and there 
was still a gap between current practice and guidelines 
including GOLD. For pharmacological treatment, all 
COPD patients were recommended to take at least one 
medication during stable period in order to alleviate symp-
toms and reduce the occurrence of adverse outcomes.1 

However, only 56.9% of participants received pharmaco-
logical treatment in stable period before this admission. 
Economic status, delayed diagnosis, insufficient health 
education, and low compliance might contribute to this 
phenomenon. Unlike hospitalization, COPD has not been 
included in the scope of outpatient reimbursement for 
residents’ medical insurances in most areas.38 In China, 
COPD therapy was unaffordable for some previously diag-
nosed patients in stable periods. According to Fang et al,4 

the cost for pharmacological treatment in stable periods 
(443–738 US dollars per year) is a huge economic burden 
for patients’ families and themselves, especially for those 
living in rural areas (the per capita disposable income in 
2019: 2322 US dollars).39 Regarding vaccine, yearly influ-
enza vaccination has been recommended by guidelines and 
World Health Organization with the evidence of having 
the ability of reducing acute exacerbations, all-cause 
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mortality and economic burden among COPD 
patients.1,40,41 However, vaccine administration rate in 
our study was only 2.9%, which was greatly lower than 
that in other countries (ranges: 12%–75%).40,42–45 This 
could be attributable to the sparse knowledge of vaccina-
tion acquired by Chinese COPD patients and the fact that 
influenza vaccine has not been covered by medical insur-
ance policy in most regions.46 Considering the advantages 
of pharmacological therapy and influenza vaccination dur-
ing stable period, Chinese physicians should provide more 
information on self-management to COPD patients accord-
ing to their health status in routine clinical practice. And 
we suggest the coverage of outpatient COPD therapy and 
influenza vaccination in medical insurance to prevent poor 
outcomes among COPD patients.

During hospitalization, almost all subjects received 
pharmacological treatments. Antibiotics was prescribed to 
more than 90% subjects and no significant difference was 
found across hospital categories. However, a systematic 
review reported that the effect of antibiotics on AECOPD 
patients remained controversial.47 Identifying the sub-
group of patients which could benefit from antibiotics 
would be meaningful for preventing antibiotics abuse at 
the same time of ensuring treatment effect. For example, 
C-reactive protein, procalcitonin or clinical symptoms 
have previously been explored to guide antibiotics 
prescription.48–50 However, data on Chinese AECOPD 
population were generally limited and with small sample 
sizes. For corticosteroids usage, the average daily and total 
dosage among subjects using systemic corticosteroids 
were slightly higher than those recommended in GOLD 
guideline regardless of hospital category. However, the 
evidence in current guideline was based on data from 
European population.1 Further studies were required to 
explore the optimal dosage of systemic corticosteroid in 
Chinese population. Respiratory support is recommended 
by the GOLD guideline for treatment of AECOPD 
inpatients.1 Although subjects’ status was similar regard-
ing arterial blood gas results across hospital categories, we 
found that the respiratory support was used much less in 
the tertiary TCM hospitals, and most likely to be applied 
in the tertiary general hospitals. Physicians in TCM hos-
pitals may have different treatment habits compared to 
those in general hospitals. However, the awareness and 
skills of applying respiratory support should be improved 
in Chinese physicians from tertiary TCM hospitals.

The prognoses of Chinese AECOPD inpatients were 
well regarding in-hospital clinical outcomes, suggesting 

that treatment during hospitalization was effective. The in- 
hospital mortality was only 0.1% in our study, which was 
significantly lower than that in the US.15,47 However, we 
should take care whether there was a wasting of resources. 
For example, some patients could visit a lower level of 
hospital to save medical resources under the policy of 
establishing a hierarchical medical system. In our study, 
the median total direct cost of this hospitalization was 
1424.3 US dollars, accounting for 13.7% of the per capita 
gross national income in 2019 (10,410 US dollars).39 We 
observed that the total direct cost was the lowest among 
patients admitting the secondary hospitals, whereas no 
difference of in-hospital mortality was found across hos-
pital categories. As for the recovery of symptoms, the 
decreases of CAT score among patients admitted in all 
kinds of hospitals exceeded the minimum clinically impor-
tant difference, implying that AECOPD patients could 
receive adequate treatment in any kind of hospitals. In 
addition, although effectiveness of AECOPD treatment 
was achieved, we still need to consider if the treatment 
could be more specific to patients’ clinical features to 
reduce side effects and alleviate burden of patients, espe-
cially for patients with comorbidities.

Our study had several strengths including: (a) We 
utilized the data from ACURE, which is the first and 
largest registry of patients hospitalized for AECOPD in 
real-world China. Therefore, the sample size of our study 
is large, and covers a wide range of AECOPD patients 
including those aged 20–39 years. (b) Our study provides 
extensive description for characteristics, disease manage-
ment and in-hospital outcomes of this population, which 
gives a comprehensive overview of the natural course of 
in-hospital AECOPD patients in China. Besides the 
strengths listed above, our study also had several limita-
tions. First, the spirometry data were incomplete during 
hospitalization since lung function test is not recom-
mended for these patients. However, we recorded infor-
mation of patients with suspected AECOPD at admission 
after informed consent acquisition. Spirometry data at 
stable status before hospitalization or during follow-ups 
were allowed to be used as a substitution and for further 
confirmation of AECOPD diagnoses. Second, the 
ACURE only collected the frequency of severe 
AECOPD in the past year without moderate exacerbation 
history, so we were unable to assess the GOLD ABCD 
classifications among patients, which is useful for guid-
ing therapy. However, the occurrences of moderate and 
severe acute exacerbations were prospectively recorded 
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during follow-ups. And the consistency of clinical prac-
tice with the GOLD recommendation could be assessed 
in the future. Third, we only evaluated in-hospital clin-
ical outcomes in current analysis, because the ACURE 
study is still ongoing and many subjects have not com-
pleted follow-ups. Outcomes after discharge will be 
evaluated in the future.

Conclusion
Clinical features of Chinese AECOPD inpatients were dif-
ferent from those of other populations. In real-world China, 
the clinical management during stable period was unsatis-
fied, whereas therapy during hospitalization was effective 
regarding in-hospital clinical outcomes regardless of hospi-
tal category. Subgroup of patients which could benefit from 
each specific treatment and features associated with the 
necessity of visiting a higher level of hospital should be 
further explored to optimize medical resources and reduce 
clinical burden of Chinese AECOPD inpatients.
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the completion of ACURE.
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