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Purpose: To identify clinical features and outcomes associated with pulmonary heart 
disease among patients with chronic obstructive pulmonary disease exacerbation (COPD), 
which may help reduce economic burden accrued over hospital stay and shorten length of 
stay (LOS).
Patients and Methods: Totally, 4386 patients with acute exacerbation of COPD 
(AECOPD) classified into pulmonary heart disease (PHD) group and non-pulmonary heart 
disease group, were included from the ACURE registry, a prospective multicenter patient 
registry study. Clinical features and outcomes were compared between groups.
Results: PHD patients had a more severe profile, including having higher scores of COPD 
assessment test and modified British Medical Research Council, worse lung function, more 
patients hospitalized more than once in the past year due to acute exacerbation of COPD, and 
more comorbidities. Furthermore, drug cost was higher and length of stay was longer in 
AECOPD patients with PHD.
Conclusion: AECOPD patients with PHD had a more severe profile and worse clinical 
outcomes, including higher drug cost and longer LOS. PHD is an independent risk factor of 
drug cost and LOS. Complicated with PHD in COPD/AECOPD patients with PHD means 
heavier disease burden and worse prognosis. It merits further study to focus on PHD 
management in COPD/AECOPD patients.
Keywords: chronic obstructive pulmonary disease, exacerbation, pulmonary heart disease, 
cost, length of stay

Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and 
mortality worldwide and imposes substantial economic and social burden.1 Based 
on the Burden of Obstructive Lung Diseases (BOLD) program and other large-scale 
epidemiological studies, it is estimated that the number of COPD cases was 
384 million in 2010, with a global prevalence of 11.7% (95% confidence interval 
(CI) 8.4–15.0%).2 With the increasing prevalence of smoking in developing coun-
tries, and aging populations in high-income countries, the prevalence of COPD is 
supposed to rise over the next 40 years and by 2060 there may be over 5.4 million 
deaths annually from COPD and related conditions annually.3 The overall preva-
lence of spirometry-defined COPD was 8.6% (95% CI 7.5–9.9) among the general 
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Chinese population aged 20 years or older, accounting for 
99.9 (95% CI 76.3–135.7) million people with COPD in 
China.4 COPD was the third leading cause of death and 
accounted for more than 0.9 million deaths in 2013.5

Cardiac dysfunction frequently occurs in patients with 
COPD. Pulmonary hypertension and pulmonary heart dis-
ease (PHD) are the typical classic cardiovascular comor-
bidities of COPD, which are characterized by pulmonary 
vascular remodeling and right ventricular hypertrophy, 
eventually right-side cardiac failure. The cardiovascular 
dysfunction is related to the risk of exacerbation, indepen-
dent of previous history of exacerbations.6 Several inves-
tigations have demonstrated that PHD is associated with 
a worsening prognosis, including increased risk of aggra-
vation, decreased exercise ability, and reduced survival 
rate.6–8

There are few studies on PHD among patients with 
acute exacerbation of COPD (AECOPD), and there is no 
prospective multicenter study on the clinical characteris-
tics and outcomes of AECOPD patients with PHD. 
Therefore, the purpose of this study was aimed to demon-
strate clinical characteristics and outcomes of acute 
exacerbations in AECOPD patients with PHD.

Materials and Methods
Study Design and Participants
In the acute exacerbation of chronic obstructive pulmonary 
disease registry study (ACURE), we enrolled participants 
with acute exacerbation of COPD (AECOPD), with the 
purpose of investigating the demographic characteristics, 
clinical features, diagnoses, treatments, prognoses, and 
economic costs among AECOPD patients (ClinicalTrials. 
gov identifier: NCT02657525).

We planned to recruit 7600 COPD patients hospitalized 
for exacerbation in real-world settings from diverse areas 
of China with a 3-year follow-up. We started to enroll 
patients from September 1st, 2017, and follow-up is 
expected to end in December 2022. In Phase I of this 
study, data collection ended on February 25th, 2020. All 
participants in the study met the enrollment criteria and 
signed an informed consent form before enrollment. The 
eligibility criteria have been described elsewhere.9

Protocol of ACURE has been approved by the ethics 
committee of China–Japan Friendship Hospital (approval 
number: 2015-88). The ACURE was conducted in accor-
dance with the Declaration of Helsinki.

Procedures and Measurements
Initially, 6335 patients were screened in the ACURE study. 
Eligible criteria of this study were as follows: (1) 18 years 
or older; (2) patients had a confirmed diagnosis of 
AECOPD according to the GOLD 2017 report; (3) patients 
underwent echocardiography or electrocardiogram (ECG). 
Patients were excluded if they had a clinical diagnosis of 
asthma, acute left heart failure, rheumatic valvular heart 
disease, congenital heart disease, primary cardiomyopathy, 
or chronic constrictive pericarditis. After exclusion, 4386 
patients from 163 centers were included for analysis. 
According to diagnosis criteria of pulmonary heart disease 
in the 8th edition of Internal Medicine in China, patients 
were divided into PHD group and non-PHD group. If 
patient’s ECG or echocardiography revealed one of the 
following features, he/she was classified into PHD group: 
(1) ECG revealed a pulmonary P wave; (2) ECG revealed 
right ventricular hypertrophy; (3) echocardiography 
revealed pulmonary hypertension; (4) echocardiography 
revealed right ventricular dilatation and right ventricular 
hypertrophy.10 Finally, there were 1109 patients with PHD 
and 3277 without PHD. Details are shown in Figure 1.

Upon admission, each participant was required to 
complete a survey to collect their demographics, smoking 
history, medical history, and management of disease dur-
ing a stable period. Demographics included age, sex, and 
body mass index (calculated from the height and weight 
measurements). Regarding smoking history, participants 
were characterized as current-smoker, former-smoker, 
and never-smoker. Medical history, including comorbid-
ity, hospitalization and emergency room visits due to 
AECOPD in the past year, pulmonary function test 
(PFT), was compiled for each subject. The comorbidity 
was extracted from patient’s self-report, results of exam-
ination and discharge diagnosis. We assessed patient’s 
symptoms for the past 4 weeks before admission, due to 
scores of COPD assessment test (CAT) and the modified 
British Medical Research Council (mMRC).11,12 Physical 
examinations were conducted on admission, including 
pulse, systolic pressure, diastolic pressure, and respira-
tory rate. During the period of hospitalization, treatment 
and auxiliary examination results, including laboratory, 
PFT, ECG, and echocardiography, were recorded if avail-
able. The results of PFT were almost extracted from 
patients’ previous results. If the patient was lack of PFT 
results, he/she would undergo a PFT in follow-up after 
discharge. Details of the data collection have been 
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described in previously published paper.13 According to 
the 2017 Global Initiative for Chronic Obstructive Lung 
Disease (GOLD), the severity of airflow limitation was 
classified into four grades: GOLD 1 (forced expiratory 
volume in the first second, FEV1% predicted ≥ 80), 
GOLD 2 (50 ≤ FEV1% predicted < 80), GOLD 3 (30 ≤ 
FEV1% predicted < 50), and GOLD 4 (FEV1% predicted 
< 30). ECG and echocardiography were performed during 
the hospitalization. PFT, ECG, and echocardiography 
were performed by professional technicians and doctors. 
The central office underwent quality control in the report 
of lung function test by spot check. Details are shown in 
Tables 1 and 2.

At discharge, discharge diagnoses and clinical outcomes 
were recorded, including death, intensive care unit admis-
sion, hospitalization cost, and length of stay (LOS). 
AECOPD was diagnosed based on the diagnostic criteria 

of the 2017 GOLD guidelines. The hospitalization cost 
included drug cost, diagnostic-related fees (laboratory, 
inspection, et al), hospital stay, and other treatment-related 
fees. LOS was calculated as days by subtracting the admis-
sion date from the discharge date or death date at the index 
admission, which was the initial hospital stay. For patients 
readmitted frequently during the study period, their initial 
hospital stays were included for analyses. If patients were 
discharged and readmitted on the same day, the readmissions 
were recorded as the same hospitalization as the initial one.

Statistical Analysis
Statistical analysis was performed using SAS (V9.4 SAS 
Institute, Cary, NC, USA). For continuous variables, mean 
and standard deviation were used for data with normal 
distribution, while median and interquartile range (IQR) 
were described for non-normal data. Depending on the 

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; PHD, pulmonary heart disease.
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type of data distribution, t-test or Wilcoxon test was used 
for group comparisons, respectively. For categorical vari-
ables, frequencies and percentages were determined. 
Pearson’s chi-squared test or Fisher’s exact test was used 
for group comparisons. We used generalized linear model 
to assess the association of various factors with total cost, 
drug cost and LOS of AECOPD by relative risks (RRs) 
and 95% CIs. All statistical analyses were all two-sided 
tests with a significance level of 0.05.

Results
A total of 4386 AECOPD patients were included into the 
final analysis, with a large proportion of men (79.53%) 
and a mean age of 69.60 ± 9.24 years. In AECOPD 
patients, the number of patients with PHD was 1109 
(25.28%), and the number of patients without PHD was 
3277 (74.72%). The mean age of non-PHD group was 
69.77 ± 9.33, and that of PHD group was 69.11 ± 8.99 
(P = 0.41). Patients with PHD had more former smokers 
but fewer current smokers. Patients with PHD had more 
pulmonary and cardiovascular comorbidities, such as 

bronchiectasis (18.76% vs 15.87%, P = 0.026), pulmon-
ary fibrosis (16.41% vs 12.42%, P <0.01), chronic heart 
failure (11.90% vs 4.94%, P < 0.01) and hypertension 
(39.95% vs 36.53%, P = 0.042). The details are shown in 
Table 1

The PHD group had lower FEV1/FVC, FVC, FEV1, 
and FEV1 /predicted after bronchodilator inhalation. 
Moreover, the proportion of GOLD 4 in the PHD group 
was 34.30% (330/1109), greater than that in the non-PHD 
group 28.04% (748/3277). Regarding hospitalization for 
more than once due to acute exacerbation in the past year, 
the PHD group had a higher proportion (58.88% vs 
55.17%, P = 0.033). The symptoms of PHD group were 
more severe according to CAT (21.14 ± 7.12 vs 19.86 ± 
6.95, P < 0.01) and mMRC scores (3.00 [2.00,4.00] vs 
3.00 [2.00,3.00], P < 0.01). PHD patients’ pulse rate 
(90.44 ± 16.49 vs 88.75 ± 16.14, P < 0.01) was higher. 
In the analysis of arterial blood gas analysis, PaO2 (71.89 
± 24.83 vs 78.26 ± 26.71, P <0.01) was lower, and PaCO2 

(48.37 ± 13.78 vs 45.28 ± 12.67, P < 0.01) was higher in 
the PHD group. The details are shown in Table 2

Table 1 The Demographics, Smoking Status and Comorbidity of Study Population

Variables Non-PHD Group (n = 3277) PHD Group (n = 1109) P value

Age (years) 69.77±9.33 69.11±8.99 0.041

Sex 0.996

Female 671 (20.48%) 227 (20.47%)
Male 2606 (79.52%) 882 (79.53%)

Body mass index (kg/m2) 22.01±3.54 21.99±3.90 0.897

Smoking history 0.011
Never 988 (30.15%) 337 (30.39%)
Current 833 (25.42%) 235 (21.19%)
Former 1456 (44.43%) 537 (48.42%)

Comorbidity
Bronchiectasis 520 (15.87%) 208 (18.76%) 0.026

Pulmonary fibrosis 407 (12.42%) 182 (16.41%) <0.01

Sleep apnea syndrome 41 (1.25%) 17 (1.53%) 0.478
Cancer 84 (2.56%) 32 (2.89%) 0.563

PTE 17 (0.52%) 5 (0.45%) 0.782

VTE 337 (10.28%) 126 (11.36%) 0.313
Atrial fibrillation 119 (3.63%) 42 (3.79%) 0.812

Chronic heart failure 162 (4.94%) 132 (11.90%) <0.01

Hypertension 1197 (36.53%) 443 (39.95%) 0.042
Coronary heart disease 629 (19.19%) 192 (17.31%) 0.165

Chronic kidney disease 56 (1.71%) 18 (1.62%) 0.848

Diabetes mellitus 361 (11.02%) 112 (10.10%) 0.395

Notes: For continuous variables, mean and standard deviation were used for data with normal distribution, while median and interquartile range were described to non- 
normal data. For categorical variables, frequencies and percentages were demonstrated. 
Abbreviations: Non-PHD, without pulmonary heart disease; PHD, pulmonary heart disease; PTE, Pulmonary thromboembolism; VTE, venous thromboembolism.
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Regarding the clinical outcomes of interest, the median 
(IQR) of total hospitalization cost ($) was higher in PHD 
patients (1463.44 [1092.17, 2046.27] vs 1407.49 [1019.07, 
1984.91], P < 0.01). The drug cost was also higher in PHD 
group (558.55 [386.06, 868.34] vs 542.35 [356.96, 
804.73], P = 0.010). A gap of total cost between two 
groups was 55.95$, which was 16.2$ of drug cost. 
However, there was no difference in exam costs between 
two groups. In addition, the PHD group had longer LOS 
(10 [7,13] vs 9 [7,12], P < 0.01). There was no difference 
in all-cause readmission (2.71% vs 2.75%, P = 0.942) or 
COPD-related readmission (2.07% vs 2.75%, P = 0.952) 
between PHD group and non-PHD group in 30 ± 2 days 
after discharge. The analysis of death during hospitaliza-
tion and 30 ± 2 days after discharge revealed no difference 
in two groups (0.63% vs 0.24%, P = 0.072). Details are 
shown in Table 3.

In the multivariable regression model, older age, 
quicker pulse, higher CAT, thromboembolism, cancer 
were all associated with total cost of AECODP, and 

furthermore, older age, quicker pulse, higher CAT, throm-
boembolism, cancer, coronary heart disease and pulmon-
ary heart disease were all associated with drug cost. And 
older age, quicker pulse, higher CAT, hospitalization due 
to AECOPD in past year, thromboembolism, cancer, cor-
onary heart disease and pulmonary heart disease were all 
associated with length of stay. The results suggest that 
having a comorbidity of PHD was an independent risk 
factor on increasing in drug cost and LOS. However, 
PHD comorbidity had no effect on total cost. Details 
were shown in Tables 4 and 5.

Discussion
This study is a multicenter real-world prospective observa-
tional study to describe features of PHD among patients 
with AECOPD in China. The prevalence rate of PHD in 
patients with AECOPD was 25.28% in this study. The 
term “cor pulmonale/pulmonary heart disease” was used 
to define right ventricular dilation or right ventricular 
hypertrophy due to COPD. There is an increased mean 

Table 2 The Clinical Features of AECOPD Patients

Variables Non-PHD Group (n = 3277) PHD Group (n = 1109) P value

PFT (Post-bronchodilator)
FEV1/FVC 0.51[0.42,0.59] 0.48[0.40,0.57] <0.01

FVC (L) 1.95[1.45,2.49] 1.90[1.40,2.43] 0.018

FEV1 (L) 0.94[0.66,1.30] 0.84[0.60,1.23] <0.01
FEV1/predicted 0.40[0.29,0.56] 0.37[0.26,0.53] <0.01

GOLD grade <0.01

GOLD1 154 (5.77%) 59 (6.13%)

GOLD2 753 (28.22%) 220 (22.87%)
GOLD3 1013 (37.97%) 353 (36.69%)

GOLD4 748 (28.04%) 330 (34.30%)

Frequency of hospitalization due 

to AECOPD in past year (times)

0.033

0 1469 (44.83%) 456 (41.12%)
≥1 1808 (55.17%) 653 (58.88%)

CAT score 19.86±6.95 21.14±7.12 <0.01

mMRC score 3.00[2.00,3.00] 3.00[2.00,4.00] <0.01

Pulse 88.75±16.14 90.44±16.49 <0.01

PaCO2 (mmHg) 45.28±12.67 48.37±13.78 <0.01

PaO2 (mmHg) 78.26±26.71 71.89±24.83 <0.01

Notes: For continuous variables, mean and standard deviation were used for data with normal distribution, while median and interquartile range were described to non- 
normal data. For categorical variables, frequencies and percentages were demonstrated. 
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; Non-PHD, without pulmonary heart disease; PHD, pulmonary heart disease; FVC, 
forced vital capacity; FEV1, forced expiratory volume in one second; GOLD, global initiative for chronic obstructive lung disease; AECOPD, acute exacerbation of chronic 
obstructive pulmonary disease; CAT, COPD assessment test; mMRC, modified British Medical Research Council; GOLD1, FEV1% predicted≥80; GODL2, 50≤FEV1% 
predicted<80; GOLD3, 30≤FEV1% predicted<50; GOLD4, FEV1% predicted<30; PaCO2, arterial partial pressure of carbon dioxide; PaO2, arterial partial pressure of oxygen.
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pulmonary arterial blood pressure in pulmonary hyperten-
sion (PH) that causes an increased afterload for the right 
ventricle (RV) of the heart leading to right heart hypertro-
phy or RV dilatation and finally failure. COPD is the major 
cause of chronic respiratory insufficiency and PHD, and it 
is estimated to account for 80–90% of the cases.14 The 
prevalence of PH in COPD patients varies considerably, 
ranging from 20% to 91%.15 The incidence of severe PH 
in patients with GOLD4 was reported to be 3–5% (mPAP 
> 35 to 40mmHg).16 Because the presence of PH and PHD 
clearly increases mortality, the occurrence of PH and PHD 
in COPD patients is of important prognostic 
relevance.17,18 To date, the exact prevalence of pulmonary 
hypertension and PHD in COPD is unknown because it is 
not feasible to perform right heart catheterization on 

a large-scale patient population.6,19 Prevalence and mor-
tality of PHD in AECOPD were seldom reported in China 
and other countries during the past decades. PHD has not 
gained sufficient attention of health-care providers in clin-
ical practice. In this study, only 176 (15.87%) AECOPD 
patients with PHD had been diagnosed with PHD, which 
means the majority of PHD diagnoses (933/1109, 84.13%) 
were missed. However, among patients without PHD, 216 
(6.59%) non-PHD patients were misdiagnosed as PHD.

In our analysis, AECOPD patients with PHD had more 
severe clinical features and worse outcomes. There was 
obvious statistical significance in smoking status between 
two groups. PHD group had more former smokers and less 
current smokers than non-PHD group. Growing evidence 
supports the injurious effect of cigarette smoke on 

Table 3 The Clinical Outcomes of Study Population

Variables Non-PHD Group (n=3277) PHD Group (n=1109) P value

Total cost ($) 1407.49 [1019.07, 1984.91] 1463.44 [1092.17, 2046.27] <0.01
Drug cost ($) 542.35 [356.96, 804.73] 558.55 [386.06,868.34] 0.010

Exam cost ($) 592.13 [409.71,876.81] 602.46 [428.26,869.71] 0.320

Length of stay (day) 9 [7,12] 10 [7,13] <0.01
30 ±2 days-readmission 90 (2.75%) 30 (2.71%) 0.942

30 ± 2 days-COPD related readmission 67 (2.04%) 23 (2.07%) 0.952

Death from admission to 30 ± 2 days after discharge 8 (0.24%) 7 (0.63%) 0.072

Notes: For continuous variables, median and interquartile range were described to non-normal data. For categorical variables, frequencies and percentages were 
demonstrated. The costs were transformed 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 2019. 
Abbreviations: Non-PHD, without pulmonary heart disease; COPD, chronic obstructive pulmonary disease; 30 ± 2 days-readmission, patients readmitted for all cause 
within 30 ± 2 days after discharge; 30 ± 2 days COPD-related readmission, patients readmitted for COPD within 30 ± 2 days after discharge.

Table 4 Multivariate Adjusted Relative Risk for Total Cost and Drug Cost in Study Population

Total Cost P value Drug Cost P value

RR (95% CI) RR (95% CI)

Age 1.005 (1.001–1.008) 0.011 1.004 (1.002–1.007) <0.01

Sex 1.089 (0.991–1.198) 0.076 1.028 (0.963–1.098) 0.404
Smoker 1.003 (0.922–1.091) 0.944 1.001 (0.944–1.061) 0.976

FEV1%predicted 0.890 (0.769–1.030) 0.117 0.932 (0.844–1.030) 0.170

Pulse 1.003 (1.001–1.005) 0.011 1.005 (1.004–1.007) <0.01
CAT 1.012 (1.007–1.017) <0.01 1.016 (1.012–1.019) <0.01

Frequency of hospitalization due to AECOPD in past year 1.056 (0.987–1.129) 0.114 1.036 (0.989–1.085) 0.138

Bronchiectasis 1.052 (0.962–1.151) 0.268 1.038 (0.976–1.104) 0.230
Thromboembolism 1.267 (1.139–1.410) <0.01 1.343 (1.246–1.449) <0.01

Cancer 1.332 (1.076–1.650) <0.01 3.067 (2.629–3.579) <0.01

Coronary heart disease 1.065 (0.976–1.162) 0.158 1.142 (1.075–1.213) <0.01
Diabetes mellitus 1.090 (0.977–1.216) 0.125 1.061 (0.984–1.145) 0.121

PHD 1.002 (0.930–1.080) 0.949 1.057 (1.003–1.113) 0.037

Notes: Smoker included former smoker and current smoker; thromboembolism included pulmonary thromboembolism and venous thromboembolism. 
Abbreviations: RR, relative risk; FEV1, forced expiratory volume in one second; CAT, COPD assessment test; AECOPD, acute exacerbation of chronic obstructive 
pulmonary disease; PHD, pulmonary heart disease.
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pulmonary endothelial cells and the roles of endothelial 
cell injury in development of pulmonary hypertension.20 

Wright et al reveal that PH is probably a result of the 
direct effect of tobacco smoke on aberrant vascular remo-
deling and aberrant vascular physiology.21,22 Tobacco 
smoking is also associated with higher frequency of car-
diovascular comorbidities.23 Smoking cessation is the sin-
gle most cost-effective way to reduce the risk of 
development of COPD and worsening of the disease the 
patients with COPD.1

The analysis of comorbidities revealed that COPD 
patients with PHD had more cardiopulmonary comorbid-
ities, such as bronchiectasis, pulmonary fibrosis, chronic 
heart failure, and hypertension. COPD-overlap syndromes, 
including bronchiectasis-COPD and fibrosis-COPD, are 
risk factors of chronic hypoxia, which is the cause of 
PH. The severity of disease in PH-associated COPD sig-
nificantly increases in individuals who also have pulmon-
ary fibrosis or emphysema.17 And Medrek et al also 
revealed that PH-COPD carried a much-effective diagno-
sis of various cardiac comorbidities.7 Piccari et al had the 
same result that COPD patients with pulmonary vascular 
dysfunction had higher prevalence of systemic arterial 
hypertension.24 Notably, this comorbidity-rich subtype 
had more frequent hospitalizations, with a worse prognosis 
and an increased risk of mortality in COPD patients.25,26

Similar to prior researches, our findings showed lower 
FEV1/FVC, FEV1 (L), FVC (L) and FEV1%predicted in 
patients with PHD.27,28 According to PFT, most patients 
with PHD were classified as GOLD 4. The risk of 

exacerbations is significantly higher in patients with 
GOLD 3 (severe) and GOLD 4 (very severe).29,30 PHD 
patients had lower PaO2 and higher PaCO2 in acute 
exacerbation, indicating that airflow obstruction and ven-
tilatory dysfunction of COPD patients with PHD were 
severe than those without PHD.31 Specifically, the pulse 
in PHD group was higher than that in non-PHD group. 
Patients with PHD had a more obvious compensatory 
performance. Long-term oxygen therapy (LTOT) is the 
major effective treatment of PHD.32

In the analysis of symptoms to assess the severity of 
AECOPD patients, CAT and mMRC scores were higher in 
patients with PHD. In the past year, there was a larger 
proportion of patients in PHD group who were hospita-
lized more than once. Prior findings showed that the 
AECOPD hospitalization in the past year could increase 
the risk of the hospitalization for acute exacerbation in 
COPD patients in the following year.33,34 To sum up, 
AECOPD patients with PHD had a worse prognosis.

Concerning the outcomes of AECOPD patients with 
PHD, our study demonstrated that PHD patients had 
higher drug cost and longer LOS. The cost of hospitaliza-
tion in the PHD group was $1463.44 in the PHD group, 
which was $1407.49 in the non-PHD group. The gap in the 
cost between the two groups was $55.95. Drug costs in 
non-PHD and PHD groups were $542.35 vs $558.55, 
which were significantly different. The results of the mul-
tivariable regression also suggested that PHD is an inde-
pendent risk factor for medication cost. Second, the results 
showed that the LOS of the patients with and without PHD 

Table 5 Multivariate Adjusted Relative Risk for Length of Stay in Study Population

RR (95% CI) P value

Age 1.019 (1.004–1.033) 0.011
Sex 1.315 (0.915–1.890) 0.138

Smoker 1.022 (0.740–1.411) 0.897

FEV1%predicted 0.744 (0.421–1.313) 0.307
Pulse 1.015 (1.007–1.024) <0.01

CAT 1.071 (1.052–1.092) <0.01

Frequency of hospitalization due to AECOPD in past year 1.769 (1.365–2.292) <0.01
Bronchiectasis 1.022 (0.724–1.444) 0.900

Thromboembolism 4.397 (2.926–6.610) <0.01
Cancer 5.270 (2.290–12.130) <0.01

Coronary heart disease 2.407 (1.723–3.362) <0.01

Diabetes mellitus 1.251 (0.822–1.904) 0.296
PHD 2.028 (1.524–2.699) <0.01

Notes: Smoker included former smoker and current smoker; Thromboembolism included pulmonary thromboembolism and venous thromboembolism. 
Abbreviations: RR, relative risk; FEV1, forced expiratory volume in one second; CAT, COPD assessment test; AECOPD, acute exacerbation of chronic obstructive 
pulmonary disease; PHD, pulmonary heart disease.
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was 10 [7, 13] and 9 [7, 12], respectively. The multivari-
able regression analysis also suggested that PHD is an 
independent risk factor for LOS.

Finally, we also analyzed readmission and death within 
30 ± 2 days after discharge. There were 30 (2.71%) 
patients readmitted in 30±2 days after discharge in PHD 
group, and among them 23 (23/30, 76.67%) patients were 
readmitted for COPD in PHD group. In non-PHD group, 
there were 90 (2.75%) readmitted in 30 ± 2 days after 
discharge, and 67 (67/90, 74.44%) readmitted for COPD 
in non-PHD. There were no difference in all-cause or 
COPD-related readmission within 30 ± 2 days after dis-
charge in two group. To date, the conclusions of the risk 
and cause of readmission are inconsistent. Jiang et al 
revealed that having medical comorbidities, including 
osteoporosis, depression, pulmonary circulation disorders, 
and ischemic heart disease, were associated with increased 
probability of COPD-related 30-day readmission.35,36 

More resources may be needed to generate a measurable 
effect on readmission rates. And there was also no differ-
ence in the death from admission to 30 ± 2 days after 
discharge. It is worth mentioning that only 15 patients died 
in this period, including 8 patients in non-PHD group 
(0.24%), 7 patients in PHD group (0.63%) and the 
P value was 0.072. Since the follow-up period was only 
30 ± 2 days, the number of cases was relatively small. 
There may be some differences in readmission and death 
in the follow-up for a long time.

COPD exacerbations account for the greatest propor-
tion of the total COPD burden on the healthcare system.1 

Considering of the prior studies and our research, patients 
with PHD had a higher risk of hospitalization due to 
exacerbation, and PHD is an independent risk factor for 
medication cost and LOS, that were obvious higher in 
PHD patients. Consequently, the disease burden of 
AECOPD patients with PHD was greater than that of 
patients without PHD.

Therefore, ways to reduce this burden should be explored. 
First, the overall prevalence of spirometry-defined COPD was 
99.9 (95% CI 76.3–135.7) million people with COPD among 
the general Chinese population aged 20 years or older in 2015.4 

The prevalence rate of PHD in patients with AECOPD was 
25.28% in our multicenter research. There would be 
a considerable number of COPD patients complicated with 
PHD. Our study found that only a small number of PHD 
patients were diagnosed timely, which suggests that it is neces-
sary and urgent to perform large-scale population screening for 
PHD in COPD/AECOPD patients. Medrek et al suggest 

clinical characterization of COPD patients at risk who are 
progressing toward PH will aid therapeutic development at 
earlier stages of progressively fatal PH-COPD.7 Early diagno-
sis could prompt treatment strategy in early stage of PHD. 
Second, PHD treatment is supposed to maintain lung function 
and keep oxygen saturation level at above 90%.29 The manage-
ment of COPD, especially slowing down the deterioration of 
lung function, is important in the intervention of PHD. We 
observed that clinical management of COPD during the stable 
period was unsatisfactory in China in another analysis of 
ACURE database.13 Therefore, it needs to strengthen manage-
ment of COPD in the stable stage needs to be popularized and 
strengthened, which could then delay the decline of lung func-
tion and reduce acute exacerbation of COPD. Third, PHD 
treatment is mainly to maintain lung function and oxygen 
therapy, which has remained almost unchanged for the past 3 
decades.31 There is no remarkable progress in the treatment of 
PHD in past decades. Studies on other treatments, such as 
diuretics, digoxin, anticoagulants, angiotensin converting 
enzyme inhibitors (ACEIs), and beta-blockers et al, yielded 
inconsistent findings.37–41 In general, the treatment and man-
agement of PHD require further studies.

There were several limitations in our study. First, the 
diagnosis of PHD was based on the echocardiography or 
ECG, not the right ventricular floating catheter examina-
tion. Although the right ventricular floating catheter exam-
ination is the gold standard for pulmonary hypertension 
and PHD, but it is not feasible to perform in large-scale 
population screening due to its invasiveness nature. In 
many studies, echocardiography and ECG also have high 
sensitivity and specificity in the diagnosis of PHD, and 
they are easily used and economical in large-scale 
surveys.42−43 Second, the patients enrolled in this study 
were all at the acute exacerbation stage of COPD, and we 
did not obtain the echocardiographic and ECG findings of 
patients at the stable stage before admission for AECOPD. 
Data collection was ended on 25th February 2020 in our 
study. The ACURE is an ongoing observational registry 
study. During the follow-up, evaluation of patients in 
stable stage would be collected, including symptoms, 
signs, frequency of exacerbation and comparison of the 
echocardiography, ECG, PFT, and blood gas analysis. 
Additionally, the details concerning treatment of PHD 
were not collected in our study, except the oxygen therapy; 
hence, we could not analyze the treatment of PHD pro-
foundly. We need more further studies on management of 
PHD in COPD/AECOPD patients.
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To the best of our knowledge, our study is the first multi-
center, real-world, and large-scale prospective registry study to 
screen PHD among AECOPD patients by use of echocardio-
graphy and ECG. Our study demonstrated clinical outcomes of 
AECOPD patients with PHD, including higher drug cost and 
longer LOS. As the diagnosis of PHD in COPD is not neces-
sarily associated with conventional measures of COPD sever-
ity, such as airflow limitations, we found an underestimation of 
PHD in patients with AECOPD. This indicates a potential need 
for management of COPD patients with PHD screening pro-
grams. Further studies focusing on PHD management are 
warranted.

Conclusion
AECOPD patients with PHD had a more severe profile, such as 
worse lung function, severe symptoms and hypoxemia, higher 
risk of hospitalization, and worse clinical outcomes, including 
higher drug cost and longer LOS. PHD is an independent risk 
factor of drug cost and LOS. COPD/AECOPD patients with 
PHD predict more disease burden and worse prognosis. 
Considering the underestimation of PHD, it is necessary and 
useful to focus on the diagnosis and treatment of PHD in 
COPD/AECOPD patients.
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