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Purpose: The relationship between increased right ventricular (RV) afterload (moderate-to-high suspicion of pulmonary hypertension 
indicated by echocardiography) and the prognosis of patients hospitalized with acute exacerbation of chronic obstructive pulmonary 
disease (AECOPD) is not yet well understood.
Patients and Methods: This prospective cohort study was conducted in 11 hospitals from 2017 to 2020, involving patients 
hospitalized with AECOPD. Echocardiography was performed within 48 hours of admission. Patients were classified into two groups: 
those with increased RV afterload (n=237) and those with normal RV afterload (n=415). Hazard ratios (HRs) and 95% confidence 
intervals (CIs) were calculated using Cox regression analysis to evaluate the impact of RV afterload on patient outcomes. Kaplan- 
Meier survival curves were employed to assess the association between RV afterload and 3-year all-cause mortality.
Results: Kaplan-Meier survival curves demonstrated that the 3-year all-cause mortality rates were 22.8% in AECOPD patients with 
increased RV afterload and 9.5% in those with normal RV afterload. Cox regression analysis indicated that increased RV afterload is an 
independent predictor of poor prognosis in hospitalized AECOPD patients, significantly increasing the risk of 3-year all-cause 
mortality (HR=2.172, 95% CI: 1.384–3.411; P<0.001). Additionally, elevated brain natriuretic peptide (BNP) or n-terminal pro- 
brain natriuretic peptide (NT-proBNP) (HR=2.694, 95% CI: 1.724–4.209; P<0.001), and lower body mass index (BMI) (HR=0.880, 
95% CI: 0.833–0.930; P<0.001) were independent risk factors for mortality.
Conclusion: Increased RV afterload is associated with a significant increase in the risk of 3-year all-cause mortality in patients 
hospitalized with AECOPD, posing a 2.2-fold higher risk compared to those with normal RV afterload. It also stands as an independent 
risk factor for mortality. Elevated BNP or NT-proBNP levels and reduced BMI are additional independent risk factors of mortality. 
Early detection of these three risk factors could play a role in stratifying high-risk patients, guiding clinical decision-making, and 
improving patient outcomes in AECOPD.

Plain Language Summary: In this study, we focused on individuals hospitalized for AECOPD. We investigated the association 
between moderate-to-high suspicion of pulmonary hypertension on echocardiography and their prognosis. Our results can help identify 
those at high risk of mortality. Echocardiography is a noninvasive and widely available tool, yet its validation in large real-world 
cohorts remains limited. Moreover, many people are hospitalized for AECOPD, and our findings apply to the much larger population 
seen in primary care and routine clinical practice. 
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Introduction
Chronic obstructive pulmonary disease (COPD) is a common cause of death worldwide, characterized by persistent and 
typically progressive airflow obstruction.1 Acute exacerbation of COPD (AECOPD), defined as an acute worsening of 
respiratory symptoms such as dyspnea, cough, and/or sputum production within 14 days in patients with COPD, 
significantly impact health outcomes. AECOPD not only represents a major source of mortality worldwide, but also 
imposes a significant economic burden and has a rising prevalence.2 Particularly in China, COPD ranks as the third 
leading cause of death and significantly compromises the quality of life of patients.3

Cardiovascular disease, as one of the most significant comorbidities and complications in patients with COPD, 
contributes to right heart failure and an increased risk of death.4 Studies have demonstrated that a concurrent diagnosis of 
heart failure greatly worsens prognosis for patients with COPD.5 Increased right ventricular (RV) afterload, which may 
arise from various causes, is known to heighten the risk of cardiovascular events and adversely affect the prognosis of 
these patients. In recent years, the function of the RV has garnered increasing attention. Echocardiography has emerged 
as a reliable method for assessing structural and functional changes of the heart in COPD patients.6

Despite acknowledging the impact of increased RV afterload on cardiovascular health in COPD patients, its long-term 
prognostic significance in hospitalized patients with AECOPD—more than two years after discharge—remains uncertain, 
as previous studies have focused on stable COPD pulmonary hypertension rather than acute RV afterload changes during 
AECOPD. Therefore, this study was conducted to investigate the potential relationship between increased RV afterload 
and the long-term prognosis in these hospitalized AECOPD patients, aiming to fill the gap in existing research and seek 
to explore whether echocardiographic screening can provide valuable insights for clinical management, especially 
regarding risk stratification and monitoring in AECOPD patients.

Figure 1 Flowchart of the study population.
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Materials and Methods
Patients
Patients were collected from the registry for the period from April 11, 2017, to November 1, 2020. In total, 652 hospi
talized patients with AECOPD were included in this study (Figure 1).

The inclusion criteria were as follows: 1) Age of 40 years or older; 2) Diagnosis of COPD based on the 2016 Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) Guidelines,7 as confirmed by a senior physician, Diagnosis 
required post-bronchodilator pulmonary function tests showing a forced expiratory volume in the first second (FEV1) to 
forced vital capacity (FVC) ratio of less than 0.7; 3) Hospitalization specifically for AECOPD; 4) Echocardiography 
conducted within 48 hours after admission.

The exclusion criteria were as follows: 1) Inability to provide written informed consent; 2) Presence of active 
malignant tumors; 3) Pneumothorax present on admission; 4) Life expectancy of less than 6 months.

For the purpose of this post-hoc analysis, we applied an additional exclusion criterion: absence of complete data for 
RV afterload assessment [i.e., missing tricuspid regurgitation velocity (TRV), right ventricular to left ventricular basal 
diameter ratio (RV/LV ratio), main pulmonary artery (PA) diameter, or inferior vena cava (IVC) diameter with inspiratory 
collapse rate].

Study Design
The data of this study were collected from a national multicenter prospective registry study, supported by the National 
Key Research and Development Program of China (Clinical Trials.gov ID: NCT03185377). This study adheres to the 
ethical guidelines of the Declaration of Helsinki.

Increased RV afterload was identified based on echocardiographic criteria indicative of a moderate or high probability 
of pulmonary hypertension (PH). This was determined if at least one of the following echocardiographic findings was 
present:8 (1) Peak TRV at least 2.9 m/s. (2) Peak TRV of 2.8 m/s or less, accompanied by at least two of the following 
items: ① RV/LV ratio greater than 1.0; ② the diameter of the main PA exceeding 25 mm; ③ IVC diameter greater than 
21mm with an inspiratory collapse rate less than 50% (with a sniff).

Left ventricular (LV) hypertrophy was defined as a maximal end-diastolic wall thickness greater than 11mm,9 and RV 
hypertrophy was defined as an RV wall thickness greater than 5 mm.10

Data Collection and Assessments
A comprehensive medical history was obtained for each patient, detailing the time of diagnosis of COPD, smoking 
index (calculated as cigarettes per day multiplied by the number of smoking years), body mass index (BMI). 
Additionally, comorbid conditions were recorded, including hypertension, coronary atherosclerotic heart disease 
(CHD), chronic atrial fibrillation, history of myocardial infarction, diabetes, cerebral infarction, cerebral hemorrhage, 
nephrotic syndrome, chronic nephritis, asthma, bronchiectasis, sleep apnea hypopnea syndrome (SAHA), pulmonary 
thromboembolism (PTE), and deep vein thrombosis (DVT). Diagnostic assessments involved parameters obtained from 
chest computer tomography (CT), electrocardiography (ECG), echocardiography, and pulmonary function tests.

Echocardiography was performed within 48 hours of admission as part of routine clinical practice, assessing parameters 
when technically feasible such as ejection fraction (EF), left ventricular end-diastolic diameter (LVEDD), right ventricular 
basal diameter, main PA inner diameter, RV/LV basal diameter ratio, tricuspid annular plane systolic excursion (TAPSE), 
TRV, IVC diameter, inspiratory collapse with a sniff, and ventricular wall motion amplitude and thickness.

Spirometry results encompassed forced expiratory volume in one second (FEV1), FEV1 percentage of predicted, forced 
vital capacity (FVC), FEV1/FVC ratio, and GOLD stages of COPD severity. The GOLD stages were defined based on post- 
bronchodilator FEV1 percentage of predicted values, categorizing severity into mild (GOLD 1, FEV1≥80%), moderate 
(GOLD 2, 50% ≤ FEV1 < 80%), severe (GOLD 3, 30% ≤ FEV1 < 50%), and very severe (GOLD 4, FEV1 < 30%).

Laboratory tests conducted within 24 hours of admission included measurements of white blood cell count (WBC), 
hematocrit (HCT), hemoglobin (Hb), platelet count (PLT), D-dimer, alanine aminotransferase (ALT), aspartate 
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aminotransferase (AST), serum creatinine (Scr), total cholesterol (TC), triglycerides (TG), blood glucose (GLU), and 
either n-terminal pro-brain natriuretic peptide (NT-proBNP) or brain natriuretic peptide (BNP).

Resting arterial blood gas analysis was performed, recording of partial pressure of oxygen (PaO2), partial pressure of 
carbon dioxide (PaCO2), potential of hydrogen (PH), and fraction of inspiration oxygen (FiO2).

Outcomes
The primary outcome of the study was all-cause mortality. Patients were monitored at intervals of 3, 6, 12, 24, 30, and 36 
months post-discharge to assess symptoms, rehospitalization rates, and overall prognosis. These follow-up assessments 
were conducted either during outpatient visits or through telephone interviews.

All data collected during the study were meticulously recorded and subsequently verified by dedicated investigators to 
ensure reliability. Resting echocardiography, a critical component of the assessment, was performed by trained sono
graphers who were intentionally blinded to the patients’ group assignments to maintain the objectivity of the results. 
Additionally, researchers at each participating center received standardized training prior to the study commencement, 
which was aimed at guaranteeing consistency and accuracy across all data collection points. This rigorous approach to 
training and data handling was designed to uphold the integrity of the study findings.

Statistical Analysis
Sample size calculation: Based on pilot data, the mortality rate was 26% in the increased RV afterload group and 13% in 
the control group. Assuming a two-sided α of 0.05 and a power of 80%, the estimated sample size was 142 patients per 
group. After accounting for a 10% anticipated loss to follow-up, the final sample size was set at 158 patients per group, 
yielding a total of 316 patients.

Statistical analyses were conducted using IBM SPSS version 27.0 (64-bit). The distribution of the data was initially 
assessed using the Shapiro–Wilk test to determine normality. Data that followed a normal distribution were expressed as 
mean ± Standard Deviation (SD), whereas non-normally distributed variables were reported using the median and 
interquartile range (IQR; 25th-75th percentile). Categorical variables were presented as frequencies and percentages.

The independent samples t-test was used for continuous variables that were normally distributed, while the chi-square 
(χ2) test was applied to categorical variables to compare characteristics between the two groups. In case of non-normally 
distributed data, nonparametric tests such as the Mann–Whitney U-test were utilized.

Survival analyses were conducted using Kaplan-Meier curves, and group differences were evaluated with the Log 
rank test. To further explore the association between various indicators and clinical outcomes in patients with AECOPD, 
both univariate and multivariate Cox regression analyses were performed, with adjustments made for potential con
founding factors. Results were presented as hazard ratios [HR, 95% CI (confidence interval), P].

Missing outcome data were completely random and accounted for less than 5%. Therefore, no imputation was 
performed in this analysis. For all statistical test, a two-sided p-value of less than 0.05 was considered to indicate 
statistical significance.

Results
A total of 1168 patients with AECOPD were enrolled from 2017 to 2020. Of these, 652 participants met the inclusion 
criteria and were included in the final study population for follow-up analysis (Figure 1).

The patients were divided into two groups based on echocardiographic findings: those with increased RV afterload 
(n=237) and those with normal RV afterload (n=415).

Compared with included patients, those excluded (n=516, 44.2%) were generally similar in baseline characteristics 
and core clinical variables. (Supplementary Table S1).

Baseline Characteristics
The baseline characteristics of the cohort were summarized in Table 1. The study population consisted of 652 patients 
with a median age of 69 years, of whom 506 (77.6%) were male. Hypertension, CHD and diabetes were the most 
prevalent comorbidities in both the increased RV afterload group and the normal RV afterload group. Notable differences 
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Table 1 Baseline Characteristics of the Study Population

Characteristics Total (n=652) Normal RV afterload  
group (n=415)

Increased RV afterload  
group (n=237)

P-value

Age, years 69(62,76) 68(62,75) 70(64,77) 0.011

Gender, n (%) 0.052
Male 506(77.6) 332(80.0) 174(73.4) -

Female 146(22.4) 83(20.0) 63(26.6) -

BMI, (kg/m2) 23.81±4.12 24.11±3.88 23.28±4.49 0.020
Time since COPD diagnosis, months 10(4,20) 10(4,20) 10(4,20) 0.499

Smoking index (cigarettes-years) 750(100,1600) 800(100,1600) 600(5,1200) 0.083

Comorbidities, n (%)
Hypertension 301(46.2) 198(47.7) 103(43.5) 0.295

CHD 153(23.5) 108(26.0) 45(19.0) 0.041

Chronic atrial fibrillation 22(3.4) 8(1.9) 14(5.9) 0.007
History of myocardial infarction 5(0.8) 5(1.2) 0(0.0) 0.219

Diabetes 117(17.9) 84(20.2) 33(13.9) 0.043

Cerebral infarction 48(7.4) 39(9.4) 9(3.8) 0.008
Cerebral hemorrhage 5(0.8) 3(0.7) 2(0.8) 1.000

Kidney disease 4(0.6) 4(1.0) 0(0.0) 0.163

Nephrotic syndrome 2(0.3) 2(0.5) 0(0.0) -
Chronic nephritis 2(0.3) 2(0.5) 0(0.0) -

Asthma 94(14.4) 77(18.6) 17(7.2) <0.001

Bronchiectasis 44(6.7) 26(6.3) 18(7.6) 0.515
SAHS 25(3.8) 16(3.9) 9(3.8) 0.970

PTE 54(8.3) 22(5.3) 32(13.5) <0.001

DVT 39(6.0) 17(4.1) 22(9.3) 0.007

Abbreviations: BMI, body mass index; CHD, coronary heart disease; SAHA, sleep apnea hypopnea syndrome; PTE, pulmonary thromboembolism; DVT, deep vein 
thrombosis.

Table 2 Clinical Manifestations of the Study Population

Characteristics Total (n=652) Normal RV afterload  
group (n=415)

Increased RV afterload  
group (n=237)

P-value

Dyspnea, n (%) 479(73.5) 299(72.0) 180(75.9) 0.278

Sputum, n (%) 589(90.3) 382(92.0) 207(87.3) 0.050

Chest distress, n (%) 318(48.8) 194(46.7) 124(52.3) 0.171
Chest pain, n (%) 25(3.8) 15(3.6) 10(4.2) 0.699

Syncope, n (%) 4(0.6) 1(0.2) 3(1.3) 0.275

Fever, n (%) 110(16.9) 81(19.5) 29(12.2) 0.017
Hemoptysis, n (%) 13(2.0) 9(2.2) 4(1.7) 0.896

Palpitations, n (%) 26(4.0) 15(3.6) 11(4.6) 0.519

Systolic blood pressure, mmHg 131.5(122,141) 132(123,142) 132(121,142) 0.841
Diastolic blood pressure, mmHg 77(69,84) 77(70,84) 77(70,85) 0.491

Rhonchi, n (%) 253(38.8) 171(41.2) 82(34.6) 0.096

Moist crackles, n (%) 226(34.7) 127(30.6) 99(41.8) 0.004
Edema in lower extremities, n (%) 237(36.3) 56(13.5) 71(30) <0.001

Left 12(1.8) 5(1.2) 7(3.0) -

Right 6(0.9) 6(1.4) 0(0.0) -
Bilateral 109(16.7) 45(10.8) 64(27.0) -
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in baseline characteristics between these two groups were identified, including variations in age, BMI, chronic atrial 
fibrillation, diabetes, cerebral infarction, asthma, PTE, and DVT, all reaching statistical significance (P<0.05; Table 1).

The most frequently reported symptom among all patients was sputum (90.3%), followed by dyspnea (73.5%) and chest 
distress (48.8%). A comparative analysis of symptoms and clinical signs indicated statistically significant differences between 
the groups in the prevalence of fever, moist crackles, and edema in the lower extremities. Notably, bilateral lower limb edema 
was the most common presentation in the increased RV afterload group, affecting 27% of these patients, which was 
significantly higher than the incidence of either unilateral left or right lower limb edema (Table 2).

In the analysis of echocardiographic parameters, patients in the increased RV afterload group demonstrated signifi
cantly higher instances of TAPSE values less than 18 mm and greater RV wall thickness when compared to those in the 
normal RV afterload group. These differences were statistically significant (P<0.05, Table 3).

Table 3 Echocardiographic Data of the Study Population

Characteristics Total (n=652) Normal RV afterload  
group (n=415)

Increased RV afterload  
group (n=237)

P-value

EF, % 67(64,70) 67(64,71) 67(63,70) 0.135

LVEDD, mm 45(42,48) 45(42,48) 45(42,48) 0.493
TAPSE<18mm, n (%) 65(10.0) 7(1.7) 58(24.5) <0.001

Abnormal motion of the LV wall, n (%) 19(2.9) 15(3.6) 4(1.7) 0.159

LV hypertrophy, n (%) 54(8.3) 32(7.7) 22(9.3) 0.484
RV hypertrophy, N (%) 27(4.1) 0(0.0) 27(11.4) <0.001

Abbreviations: EF, ejection fraction; LVEDD, left ventricular end-diastolic diameter; TAPSE, tricuspid annular plane systolic excursion; LV, left ventricular; RV, right ventricle.

Table 4 Laboratory and Pulmonary Function Tests of the Study Population

Characteristics Total (n=652) Normal RV afterload  
group (n=415)

Increased RV afterload  
group (n=237)

P-value

WBC,×109/L 6.90(5.56,8.72) 7.14(5.68,9.21) 6.57(5.24,8.04) <0.001

HCT, % 40.6(37.3,43.9) 40.5(37.8,43.6) 40.9(37.0,45.5) 0.362
Hb, g/L 137.5±20.2 137.7±17.3 137.0±24.6 0.702

PLT, ×109/L 213(166,259) 217(172,266) 199(159,248) <0.001

D-dimer, ug/L 450(259,818) 407(243,625) 531(307,1161) <0.001
ALT, U/L 17(13,25) 17(14,24) 17(13,24) 0.856

AST, U/L 19(15,24) 18(15,23) 19(15,24) 0.736

Scr, umol/L 65.6(56.1,75.9) 65.5(56.9,75.2) 63.7(52.7,75.9) 0.149
TC, mmol/L 4.18(3.58,4.89) 4.24(3.59,4.99) 4.07(3.55,4.67) 0.053

TG, mmol/L 1.00(0.75,1.33) 1.04(0.80,1.40) 0.88(0.70,1.20) <0.001

GLU, mmol/L 4.84(4.19,5.92) 4.87(4.27,6.01) 4.77(3.96,5.65) 0.005
NT-proBNP>300pg/mL or BNP>100pg/mL, n (%) 130(19.9) 55(13.3) 75(31.6) <0.001

PaO2, mmHg 73(63,81) 75(66,82) 69(59,79) <0.001

PaCO2, mmHg 43(39,51) 43(40,48) 46(40,59) 0.003
FEV1, L 1.01(0.73,1.43) 1.06(0.76,1.50) 0.93(0.69,1.20) 0.002

FEV1% predicted 45.0(30.8,60.0) 46.3(31.3,60.0) 41.3(29.0,60.0) 0.251

FEV1/FVC% 50.1(40.0,59.9) 50.4(40.2,59.0) 49.1(38.6,60.0) 0.477
COPD GOLD stage, n (%) 0.152

GOLD1 (mild) 44(6.7) 24(5.8) 20(8.4) -

GOLD2 (moderate) 222(34.0) 153(36.9) 69(29.1) -
GOLD3 (severe) 237(36.3) 149(35.9) 88(37.1) -

GOLD4 (very severe) 149(22.9) 89(21.4) 60(25.3) -

Abbreviations: WBC, white blood cells; HCT, hematocrit; Hb, hemoglobin; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Scr, serum 
creatinine; TC, total cholesterol; TG, triglyceride; GLU, blood Glucose; NT-proBNP, n-terminal pro-brain natriuretic peptide; BNP, brain natriuretic peptide; PaO2, partial 
pressure of oxygen; PaCO2, partial pressure of carbon dioxide; FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; GOLD, global initiative for 
chronic obstructive lung disease.
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Compared to the normal RV afterload group, patients in the increased RV afterload group exhibited decreased levels 
of WBC, PLT, TG, GLU, PaO2 and FEV1. Conversely, levels of D-dimer, NT-proBNP/BNP and PaCO2 were signifi
cantly elevated in this group (P<0.05). There were no significant differences in the levels of other laboratory indicators 
(P<0.05) as shown in Table 4.

Additionally, the distribution of GOLD stages did not differ significantly between the two groups (P=0.152; Table 4).

Comparison of Survival Curves Between the Increased RV Afterload Group and the 
Normal RV Afterload Group
The survival of patients in the increased RV afterload group progressively declined over time, with survival rates at 12 
months, 24 months, and 36 months recorded at 91.5%, 84.6%, and 77.2%, respectively. In contrast, the normal RV 
afterload group maintained higher survival rates of 96.1%, 95.9%, and 90.5% at the corresponding time intervals. 
Kaplan-Meier and log-rank analyses were employed to evaluate these trends, confirming that the survival curves for the 
increased RV afterload group were significantly worse than those for the normal RV afterload group (P<0.001, Figure 2).

Analysis of Risk Factors Related to 3-Year All-Cause Mortality in Patients with 
AECOPD
Univariable Cox regression analyses for all candidate variables are presented in Supplementary Table S2. Based on 
clinical relevance, five variables (age, BMI, PTE, increased RV afterload, and NT-proBNP/BNP) were entered into the 
multivariable Cox model (Table 5). The proportional hazards assumption was tested using time-dependent covariates; no 
violation was detected (Age P=0.998, BMI P=0.146, PTE P=0.256, RV afterload P=0.098, NT-proBNP/BNP P=0.386); 
events per variable=18.4 (92 deaths/ 5 covariates). The results from the multivariate analysis indicated that increased RV 
afterload, elevated level of BNP or NT-proBNP, and decreased BMI were independent risk factors for 3-year all-cause 
mortality. Notably, the risk of mortality for patients with increased RV afterload was more than double that of patients 
with normal RV afterload, highlighting its significant impact on prognosis (Table 5).

Figure 2 Kaplan-Meier survival curves for increased RV afterload group were 91.5%, 84.6% and 77.2% in 12-month, 24-month and 36-month, respectively, compared with 
96.1%, 95.9% and 90.5% in the normal RV afterload group (Log Rank test, P<0.001).
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A sensitivity analysis excluding patients with PTE yielded consistent results (HR 2.307, 95% CI 1.436–3.707, 
P<0.001), compared with the main analysis (HR 2.172, 95% CI 1.384–3.411, P=0.001)

Discussion
Our study demonstrated that AECOPD patients with increased RV afterload had a significantly lower survival rate and 
a 2.2-fold higher risk of 3-year all-cause mortality compared to those with normal RV afterload. Factors independently 
associated with an increased risk of 3-year mortality in hospitalized AECOPD patients included increased RV afterload, 
elevated levels of BNP or NT-proBNP, and decreased BMI.

A previous study11 suggested that the cardiac function and structure were similar between patients with recent 
AECOPD (30 days post-exacerbation) and patients with stable COPD (for at least three months). Our study, however, 
focused exclusively on patients admitted with acute exacerbations, indicating that the cardiac changes we observed might 
be transient, appearing within the initial one-month hospitalization period. Interestingly, in the group with increased RV 
afterload, mortality rates did not differ significantly between patients with and without RV wall thickness (χ2=0.000, 
P=0.985). Given that RV wall thickness typically indicates chronic RV afterload, this finding indirectly suggests that the 
elevated mortality risk associated with increased RV pressure may not solely result from chronic RV afterload. Other 
contributing factors, such as transient increases in afterload, may also play a role. However, this condition was often 
overlooked by clinicians. Our study highlighted that increased RV afterload in hospitalized AECOPD patients led to 
a poor prognosis, with the risk of death more than doubling, even in cases of short-term afterload elevation.

RV afterload may contribute to significant changes in RV morphology and function, characterized by two compensa
tory mechanisms: adaptive remodeling, which involves hypertrophy and increased myocardial contractility, while 
maintaining chamber volume and function, and maladaptive remodling, which results in overstretching of RV cardio
myocytes and dilatation, eventually may lead to exhaustion of compensatory mechanisms, increased cardiac volumes, 
and heart failure.12,13 This distinction is crucial as most patients with COPD exhibit some degree of RV dysfunction,14 

which is associated with a higher risk of major cardiovascular events even in mild stages of the disease.15 The significant 
alter on the size, thickness, wall motion, and both systolic and diastolic functions of the ventricles and atria caused by 
COPD markedly affects patients’ quality of life and prognosis.16 Our study further demonstrated that the survival time of 
AECOPD patients with increased RV afterload group was relatively shorter compared to those with normal RV afterload.

Moreover, in our study, we found that elevated levels of BNP/NT-proBNP were closely related to the prognosis of 
patients with AECOPD, serving as an independent risk factor for mortality. High levels of these biomarkers should be 
promptly addressed to mitigate poor outcomes.

Supporting our observations, Mohammed et al17 highlighted the predictive value of BNP for cardiac functions in 
COPD patients, noting that the significantly high level of BNP might be associated with increased ventricular overload 
and the stimulation secretion from left and right ventricular muscle; further, plasma BNP level was positively correlated 
with heart function classification grade in patients with COPD;18 similarly, Su et al19 indicated that NT-proBNP levels, 
which increase with cardiac burden, effectively reflect the severity of pulmonary hypoxia, inflammation, and cardiovas
cular stress, especially during acute exacerbations compared to stable phase.20 These findings align with our result 
demonstrating that BNP/NT-proBNP, as cardiac biomarkers, play a crucial role in predicting long-term health outcomes 

Table 5 Prognostic Factors for All-cause Mortality in the Hospitalized AECOPD Patients

Variables HR 95% CI P-value

Age 1.022 (0.995, 1.048) 0.108

BMI 0.880 (0.833,0.930) <0.001

PTE 1.467 (0.784, 2.745) 0.231
Increased RV afterload 2.172 (1.384,3.411) <0.001

NT-proBNP>300pg/mL or BNP>100pg/mL, n(%) 2.694 (1.724, 4.209) <0.001

Abbreviations: BMI, body mass index; PTE, pulmonary thromboembolism; NT-proBNP, n-terminal pro-brain 
natriuretic peptide; BNP, brain natriuretic peptide.
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in AECOPD patients, with elevated NT-proBNP levels linked to an increased all-cause mortality risk.21,22 As these 
biomarkers are primarily synthesized by cardiomyocytes in response to increased RV afterload, they served as valuable 
clinical indicators, providing a simple, reliable, and easily accessible tool for reflecting RV afterload and monitoring 
disease progression in AECOPD patients.

In addition, our findings indicated that lower BMI is associated with poor prognosis and acts as an independent risk 
factor for mortality in patients with AECOPD. This aligns with the results of a prospective cohort study,23 which 
followed Chinese adults over an average of 10.1 years and found that a low BMI (<18.5 kg·m−2) significantly increased 
the risk for COPD. Additionally, extensive research24–27 has consistently showed that low BMI in patients with COPD is 
often associated with adverse outcomes, including increased mortality rates, more frequent exacerbation, and decreased 
lung function. These findings are further supported by Wada et al,28 who identified potential mechanisms linking low 
BMI with higher COPD mortality, such as accelerated lung aging from chronic smoke exposure and reduced physiolo
gical reserves in underweight patients. Additionally, underweight patients may exhibit lower resistance and are more 
prone to experience complications or comorbidities. Taeyun Kim et al29 further elucidated that a decrease in BMI was 
associated with an increased risk of all-cause mortality in a dose-dependent manner in COPD patients over a three-year 
follow-up period. This association extended beyond pulmonary disease, as a lower BMI correlates with a higher risk of 
mortality in patients with acute and chronic heart failure.30,31 Collectively, these studies underscore the critical need of 
regular BMI monitoring and comprehensive nutritional interventions in this vulnerable population.

Our study demonstrated that increased RV afterload does not correlate directly with the severity of COPD as assessed 
by GOLD stages. This finding suggests that higher GOLD grades do not necessarily imply greater RV afterload. Due to 
the variability and heterogeneity of COPD’s clinical manifestations, the severity of the disease may not consistently align 
with the level of PH.32 For example, a prospective French multicenter cohort study revealed that a small subgroup of 
COPD patients with severe PH only exhibited moderate airway obstruction.33

Of note, the prevalence of PTE was significantly higher in the increased RV afterload group (13.5% vs. 5.3%). Since 
PTE can independently elevate RV afterload and increase mortality risk, it could theoretically act as a confounder. 
However, in our multivariable Cox regression analysis, PTE was not independently associated with the outcome 
(p>0.05), and adjusting for PTE did not materially alter the association between increased RV afterload and mortality. 
Thus, PTE did not serve as an independent confounder in this study.

Our study possesses several notable strengths. The relatively long follow-up period and the use of a multicenter 
database enhance the generalizability of our findings. Additionally, echocardiography’s widespread applicability allows it 
to be readily implemented in most hospital settings. Echocardiography plays a crucial role in screening for suspected PH 
and demonstrates high discriminative value in routine clinical practice.34 It is utilized to assess structural and functional 
changes in the heart in patients with AECOPD, providing non-invasive, rapid, and reliable parameters. This facilitates 
early monitoring and identification of abnormalities, which could potentially enable timely interventions and be 
associated with improved patient prognosis.

We acknowledge that echocardiography is operator-dependent, and potential measurement variability across different 
hospitals could affect the results. To address this, we implemented uniform training and developed a standard operating manual 
to minimize heterogeneity across study sites. These measures help ensure the reliability of our echocardiographic parameters.

Although right heart catheterization (RHC) remains the gold standard for diagnosing PH, it is not routinely 
recommended for COPD patients due to its invasive nature. Moreover, during acute exacerbations of COPD, infection, 
cardiac insufficiency, or PTE can transiently increase right heart load, making RHC potentially inappropriate for all 
patients. Instead, echocardiographic parameters effectively capture changes in RV morphology and function, serving as 
a non-invasive, convenient, and valuable screening tool for COPD prognosis.35 Our study shows that early echocardio
graphic assessment of RV afterload may aid risk stratification in AECOPD patients. Intensified monitoring in those with 
elevated RV afterload may help identify patients at higher risk of long-term mortality, potentially adding a hemodynamic 
prognostic indicator, However, external validation in other populations and prospective studies are needed before clinical 
implementation.

Our study has certain limitations. First, restricting the analysis to patients with complete echocardiography data may 
introduce selection bias and limit the strength of our findings. Second, echocardiography was not performed during the follow- 
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up period, raising the possibility that RV afterload observed during AECOPD may have normalized by the time of follow-up. 
This suggests that transient increases in RV afterload during acute exacerbations could still contribute to poor prognosis. Third, 
our study was observational with baseline differences between groups (eg., age and comorbidities). Although multivariable 
adjustment, residual confounding cannot be ruled out. Also, given the observational design, our findings should be interpreted as 
hypothesis-generating rather than causal. Fourth, since the research was conducted in a single country, our findings have limited 
general applicability.

Conclusion
Our study has established that increased RV afterload during hospitalization in patients with AECOPD correlates with 
a significantly elevated rate of 3-year all-cause mortality. This condition also serves as an independent risk factor for long- 
term mortality, adding incremental hemodynamic value. Additionally, our findings indicate that elevated levels of BNP or NT- 
proBNP, alongside with low BMI, are independent risk factors for mortality in hospitalized patients with AECOPD. Our analysis 
underscores the potential importance of early detection and management of these risk factors may be associated with improved 
long-term prognosis of hospitalized patients with AECOPD. RV afterload assessed by admission echocardiography may aid in 
identifying high-risk patients, guiding closer monitoring of right heart function alongside managing cardiac stress and nutritional 
deficiencies.
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