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Objective: To confirm whether growth differentiation factor-15 (GDF-15) and soluble suppression of tumorigenicity 2 (sST2) are 
indicators of pulmonary hypertension in acute exacerbation of chronic obstructive pulmonary disease (AECOPD-PH).
Methods: All patients admitted to the hospital with AECOPD between July 2020 and October 2021 were enrolled. The patients were 
then categorized into AECOPD and AECOPD-PH groups according to PH probability, and the differences in GDF-15 and sST2 serum 
levels in the AECOPD and AECOPD-PH groups were compared. Correlation analysis was carried out to explore the association 
between GDF-15 and sST2 serum levels and the length of hospital stay of patients with AECOPD-PH. Receiver operating 
characteristic curve analysis was used to assess the clinical significance of GDF-15 and sST2 in predicting patients with AECOPD-PH.
Results: Included in this study were 126 patients with AECOPD, including 69 with AECOPD and 57 with AECOPD-PH. The serum 
levels of GDF-15 and sST2 in the AECOPD-PH group were significantly higher than those in the AECOPD group (P < 0.05). There was 
no significant correlation between the length of hospital stay in AECOPD-PH patients and GDF-15 and sST2 serum levels (P > 0.05). The 
area under the curves of GDF-15, sST2, and GDF-15 + sST2 for predicting AECOPD-PH and AECOPD-PH patients with poor prognosis 
were >0.60 and 0.70, respectively. The optimal cutoff values of GDF-15 and sST2 for predicting AECOPD-PH were 1125.33 pg/mL and 
80.68 ng/mL and 1309.72 pg/mL and 59.10 ng/mL for predicting AECOPD-PH patients with poor prognosis, respectively.
Conclusion: GDF-15 and sST2 levels may be useful in the prediction of AECOPD-PH.
Keywords: acute exacerbation of chronic obstructive pulmonary disease, pulmonary hypertension, soluble suppression of 
tumorigenicity 2, growth differentiation factor-15

Introduction
Chronic obstructive pulmonary disease (COPD), which has the highest incidence and mortality worldwide, is a frequent, treatable, 
and preventable chronic respiratory disease characterized by persistent airflow restriction.1 COPD has become a global epidemic 
and is the third leading cause of death worldwide and is also an important cause of disability and death in developing countries, and 
the latest World Health Organization projections on morbidity and mortality indicate that 5.4 million people could die annually 
from COPD and related conditions by 2060.2 Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) means 
that patients with COPD need additional treatment owing to the aggravation of symptoms in a short period of time and have 
a higher mortality rate.3 Pulmonary hypertension (PH) is defined as a mean pulmonary arterial pressure ≥25 mmHg, which is 
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a common condition in patients with AECOPD. Gupta et al found that the incidence rate of PH increased in patients with mild 
(16.67%), moderate (54.55%), severe (60.0%), and extremely severe (83.33%) COPD.4 Previous studies have shown that the 
prevalence of COPD-PH is 20–91%, and up to 90% of patients have a mean PH >20 mmHg at rest.5,6 Patients with COPD-PH 
lack specificity in their clinical presentation and are more prone to right-sided heart failure and death.7 Although right heart 
catheterization, echocardiography, and cardiovascular magnetic resonance imaging can be used clinically,8 there are still patients 
with AECOPD-PH who delay diagnosis due to hidden symptoms and lack of detection methods.

Serum biomarker testing is a valuable and important auxiliary diagnostic method that is relatively simple, convenient, 
and easy to perform in clinical practice. Soluble suppression of tumorigenicity 2 (sST2) is a reliable biomarker for worse 
clinical outcomes in patients with cardiovascular disease.9 Mirna et al showed that sST2 is a biomarker of PH.10 Growth 
differentiation factor-15 (GDF-15) is a stress protein expressed in multiple tissues and organs of the body that exerts 
cardioprotective effects through anti-inflammation and inhibition of myocardial apoptosis.11 Tantawy et al revealed that 
GDF-15 can predict adverse outcomes in clinical AECOPD patients.12 Also, it is reported that high levels of GDF-15 in 
serum are associated with lung transplantation and mortality risk in PH patients, and it can be used to predict low-risk PH 
patients due to the non-specific characteristics of GDF-15.13 Therefore, we speculate that serum GDF-15 and sST2 levels 
may be predictive factors for poor prognosis in various types of PH patients. However, studies on the prognostic 
evaluation of GDF-15 and sST2 in AECOPD-PH remain poorly reported and their clinical value needs to be explored.

Thus, the present study was conducted to confirm whether GDF-15 and sST2 could be used as early indicators of 
AECOPD-PH and offers useful predictive biomarkers for AECOPD-PH.

Materials and Methods
Study Population
All patients diagnosed with AECOPD who were admitted to the Respiratory Department of the Third Clinical Medical 
College of Shanxi Medical University between July 2020 and October 2021 were enrolled in this study. The inclusion 
criteria were as follows: (a) patients diagnosed with COPD were in line with the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD2020);14 (b) each participant’s COPD diagnosis was based on the Global Initiative for Chronic 
Obstructive Lung Disease guideline standards (forced expiratory volume during the first second of forced breath [FEV1] to 
forced vital capacity [FVC] ratio after bronchodilation <0.70). The exclusion criteria were as follows: (a) serious nervous 
system disease and mental disorder; (b) bronchiectasis, pulmonary tuberculosis, interstitial lung, and other lung diseases; 
(c) received lung surgery; (d) chronic cardiovascular and cerebrovascular diseases, such as hypertension, diabetes, or 
coronary heart disease; (e) autoimmune disease; (f) tumors and blood system diseases; (g) systemic infectious diseases; (h) 
left cardiac insufficiency; (i) idiopathic pulmonary arterial hypertension (IPAH); (j) pulmonary thromboembolism and other 
diseases; (k) severe liver and kidney insufficiency; (l) undergoing hemodialysis within the last three months; (m) under-
going blood transfusion in recent two weeks; (n) unable or unwilling to cooperate with researchers or have no available 
spirometry data; and (o) incomplete follow-up data. All enrolled patients signed informed consent forms prior to their 
participation in this study. This study was approved by the Ethics Committee of the Third Hospital of Shanxi Medical 
University (approval no. YXLL-2020-056) and complied with the Declaration of Helsinki.

Data Collection
The following clinical pathological data of all enrolled patients were recorded: age, sex, height, weight, body mass index (BMI), 
smoking index (SI), Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification (based on the determination of 
pulmonary function after the use of bronchodilators in stable COPD, pulmonary function of patients was divided into 1–4 grades), 
vital signs, and arterial blood gas analysis indexes within 30 min after admission (pH, PaO2, oxygenation index [OI], and PaCO2). 
On the morning of the day after admission, 2–3 mL of fasting venous blood was drawn from the enrolled patients, and the GDF-15 
and sST2 serum levels were tested using an ELISA kit (Bo’ao Xinyuan Biotechnology Co., Ltd, Shanxi, China). The length of 
hospital stay was recorded by the attending physician or above who did not participate in this study.

After admission, transthoracic echocardiography was performed, and the peak tricuspid regurgitation velocity, right 
ventricular parameters, and pulmonary artery systolic pressure were measured and recorded by a senior professional 
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physician to assess the possibility of PH. According to the 2021 Chinese Guidelines for the treatment and diagnosis of PH, 
the low, intermediate, and high probabilities of PH were evaluated according to the results of transthoracic echocardio-
graphy, as shown in Table 1. Patients with a low or intermediate probability of PH were included in the AECOPD group, 
and those with a high probability of PH were included in the AECOPD-PH group. Differences in general clinical baseline 
characteristics and serum levels of GDF-15 and sST2 between the AECOPD and AECOPD-PH groups were compared. The 
association between the levels of GDF-15 and sST2 and PH in AECOPD patients was analyzed. Receiver operating 
characteristic (ROC) curve analysis was conducted, and the area under the curve (AUC) was evaluated to analyze the 
predictive probabilities of GDF-15 and sST2 levels in AECOPD-PH patients. Additionally, the association between the 
levels of GDF-15 and sST2 in AECOPD-PH patients and length of hospital stay was analyzed.

In addition, follow-up was extended until 90 days after the initial hospital admission, and the life state of AECOPD- 
PH group patients and the event of AECOPD-PH group patients hospitalized again due to new AECOPD (defined as 
requiring antibiotics and/or oral corticosteroids, emergency and/or hospitalization) within 90 days were recorded. 
According to whether the patients in the AECOPD-PH group were readmitted within 90 days due to acute exacerbation 
of COPD, the 57 AECOPD-PH were categorized into poor prognosis and control groups, and the GDF-15 and sST2 
serum levels of the two groups were compared. The optimum cutoff values of the GDF-15 and sST2 serum level 
predictive parameters in AECOPD-PH patients with poor prognosis were analyzed using ROC curve analysis.

Statistical Analysis
All data were processed utilizing SPSS ver. 26.0 software (SPSS Inc., Chicago, IL, USA). The normality of the 
continuous variable data was analyzed using the Shapiro–Wilk method. Normally distributed numerical variables are 
shown as mean ± SD, and the parameters that showed a non-normal distribution are presented as median-interquartile 
range. Normally distributed numerical variables were contrasted using the two independent sample t-test, and a rank sum 
test of two independent samples was utilized for the comparison of non-normally distributed numerical variables. 
Categorical variables are shown as number of cases and percentages, and the chi-squared test was used to compare 
between the groups. Spearman correlation test was used to perform the correlation analysis. Statistical significance was 
defined as P < 0.05.

Results
Characteristics of Patients
Included in the current study were 126 patients (aged 62.5–83.0 years) with AECOPD, including 104 males and 22 
females, with 69 patients in the AECOPD group and 57 in the AECOPD-PH group. Basic clinical information of the 
patients is presented in Table 2. The age, sex, BMI, SI, GOLD classification, and OI did not differ remarkably between 
the AECOPD and AECOPD-PH groups (mean age: 70.00 [62.50 and 79.00] vs 73.00 [65.50 and 83.00], respectively, P = 
0.269; sex [male/female]: [59/10] vs [45/12], respectively, P = 0.334; BMI: 23.2 [21.70 and 24.60] vs 23.00 [22.50 and 
24.20], respectively, P = 0.984; SI: 800.00 [600.00 and 900.00] vs 700 [600.00 and 800.00], respectively, P = 0.336; 
GOLD classification [1–2/3/4 stage]: [10/17/42] vs [7/17/33], respectively, P = 0.790; and OI: 288.22 ± 72.31 vs 270.92 
± 69.68, respectively, P = 0. 175).

Table 1 Transthoracic Echocardiography (TTE) Examination 
Performed to Assess the Possibility of PH

TRV (m/s) Other TTE Signs  
Supporting PH

Possibility of PH

≤ 2.8 or not measurable No Low

≤ 2.8 or not measurable Yes Intermediate
2.9–3.4 No Intermediate

2.9–3.4 Yes High

>3.4 Not required High
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Differences of GDF-15 and sST2 Serum Levels in AECOPD and AECOPD-PH Groups
The GDF-15 and sST2 serum levels in the AECOPD-PH group were remarkably higher than those in the AECOPD 
group (GDF-15: 1146.01 [904.45 and 1448.94] vs 1041.16 [798.88 and 1170.23], respectively, P = 0.004; and sST2: 
71.10 [55.62 and 83.38] vs 66.75 [35.28 and 77.67], respectively, P = 0.027) (Table 3).

Association Between GDF-15 and sST2 Serum Levels and Length of Hospital Stay of 
AECOPD-PH Patients
There was no significant correlation between the length of hospital stay of AECOPD-PH patients and GDF-15 or sST2 
serum levels (P > 0.05; Table 4).

ROC Curve Analysis of GDF-15, sST2, and GDF-15 + sST2 in AECOPD-PH Patients
The optimal cutoff values of GDF-15 and sST2 were 1125.33 pg/mL and 80.68 ng/mL, respectively. The AUCs of GDF- 
15, sST2, and GDF-15 + sST2 were >0.60 (Table 5), and no significant differences in AUC were found between GDF-15 
and sST2 (Z = 0.561, P = 0.575), GDF-15 and GDF-15 + sST2 (Z = 0.509, P = 0.611), or sST2 and GDF-15 + sST2 (Z = 
1.128, P = 0.259) (Figure 1A).

In addition, according to whether the AECOPD-PH group patients were readmitted within 90 days due to acute 
exacerbation of COPD, they were categorized into the AECOPD-PH patients with poor prognosis group (n = 36) and the 

Table 3 Differences of GDF-15 and sST2 Levels Between AECOPD Group and AECOPD-PH Group

Parameter AECOPD Group AECOPD-PH group Z Value P value

GDF-15 (pg/mL) 1041.16 (798.88, 1170.23) 1146.01 (904.45, 1448.94) −2.865 0.004

sST2 (ng/mL) 66.75 (35.28, 77.67) 71. 10 (55.62, 83.38) −2.213 0.027

Table 4 Correlation Between GDF-15 and sST2 Levels and 
Length of Hospital Stay of AECOPD-PH Patients

Variables r P value

GDF-15 and length of hospital stay 0.029 0.831

sST2 and length of hospital stay −0.095 0.481

Table 2 Baseline Characteristics of Patients with AECOPD

Characteristics AECOPD Group AECOPD-PH Group χ2/Z/t Value P value

Age (years) 72.00 (62.50, 79.00) 73.00 (65.50, 83.00) − 1. 106 0.269
Gender 59/10 45/12 0.932 0.334

BMI (kg/m2) 23.2 (21.70, 24.60) 23.00 (22.50, 24.20) −0.020 0.984

Smoking index (year root) 800 (600.00, 900.00) 700 (600.00, 800.00) −0.962 0.336
GOLD classification (1–2/3/4 stage) 10/17/42 7/17/33 0.471 0.790

OI (mmHg) 288.22 ± 72.31 270.92 ± 69.68 1.364 0. 175

Table 5 ROC Curve Analysis of GDF-15, sST2 and GDF-15 + sST2 in AECOPD-PH Patients

Factor Sensitivity Specificity AUC 95% Confidence Interval Optimal Cutoff Youden Index

GDF-15 0.596 0.725 0.649 0.552–0.745 1125.33 0.321
sST2 0.316 1.000 0.615 0.515–0.715 80.68 0.316

GDF-15 + sST2 0.930 0.348 0.662 0.567–0.757 0.278
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control group (n = 21). The serum levels of GDF-15 and sST2 in the poor prognosis group were remarkably higher than 
those in the control group (P < 0.05; Table 6). In AECOPD-PH patients with poor prognosis, the optimal cutoff values of 
GDF-15 and sST2 were 1309.72 pg/mL and 59.10 ng/mL, respectively. In addition, the sensitivity and specificity of 
GDF-15, sST2, and GDF-15 + sST2 were >81.0, 41.7, and 81.0%, respectively. The AUCs of GDF-15, sST2, and GDF- 
15 + sST2 were >0.70 (Table 7). Significant differences in AUC were found between GDF-15 and sST2 (Z = 3.771, P = 
0.0002) and between sST2 and GDF-15 + sST2 (Z = 3.790, P = 0.0002) (Figure 1B).

Discussion
Patients with AECOPD-PH may develop pulmonary heart disease, leading to disease progression and increased risk of 
death.7 Early screening and prevention of PH in patients with COPD can improve their survival and quality of life. Serum 
biomarkers can be effectively measured in a non-invasive manner, which is an ideal disease screening tool.15,16 

D’Ascanio et al showed that SpB might be considered as a useful marker in COPD assessment and provided prognostic 
information on lung functional decline.17 Therefore, the present study aimed to assess whether GDF-15 and sST2 could 
be early indicators of AECOPD-PH.

It has been reported that GDF-15 can be used as a signature in some diseases. High levels of GDF-15 are mainly 
related to pathological states, such as myocardial ischemia, inflammation, and cancer.18–20 Verhamme et al revealed that 
an increase in GDF-15 levels in the lungs of smokers and COPD patients contributed to lung inflammation caused by 
cigarette smoke.19 Mutlu et al have uncovered that GDF-15 is a novel biomarker predicting acute exacerbation of 
COPD.21 Kim et al showed that elevated serum GDF-15 level and PaCO2>37 mm Hg were found to predict an adverse 

Figure 1 Receiver operating characteristic curve (ROC) analysis of GDF-15, sST2, and GDF-15 + sST2. (A) AECOPD-PH; (B) AECOPD-PH patients with poor prognosis.

Table 6 The Differences of the Serum GDF-15 and sST2 Levels in AECOPD-PH Patients with 
Poor Prognosis Group and Control Group

Variables Poor Prognosis Group Control Group t/Z P value

GDF-15 (pg/mL) 1000.78 ± 194.25 1494.64 ± 217.15 −8.865 0.000

sST2 (ng/mL) 63.29 (49.88, 77.60) 81.02 (67.22, 84.98) −2.515 0.012

Table 7 ROC Curve Analysis of GDF-15, sST2 and GDF-15 + sST2 in AECOPD-PH Patients with Poor Prognosis

Factor Sensitivity Specificity AUC 95% Confidence Interval Optimal Cutoff Youden Index

GDF-15 0.810 0.972 0.946 0.892–1.000 1309.72 0.782
sST2 0.952 0.417 0.701 0.566–0.836 59. 10 0.369

GDF-15 + sST2 0.810 0.972 0.950 0.898–1.001 0.782
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outcome independently in patients with COPD exacerbation.22 Hirano et al showed that patients with COPD have higher 
serum GDF-15 levels than healthy controls.23 In the current study, GDF-15 levels in the AECOPD-PH group were 
remarkably higher than those in the AECOPD group, and the AUCs of GDF-15 were >0.60. In addition, GDF-15 has 
been widely studied as a signature of patient outcomes.24–26 Serum GDF-15 levels in AECOPD-PH patients in the poor 
prognosis group were remarkably higher than those in the control group. Moreover, the specificity and sensitivity of 
GDF-15 in AECOPD-PH patients with poor prognosis were > 81.0%, and the AUCs of GDF-15 were >0.90. These 
results suggest that GDF-15 could be a better predictor of AECOPD-PH and prognosis. Therefore, the baseline 
measurement of GDF-15 should be included in the clinical trial design of the Department of Respiratory and Critical 
Care Medicine, which considers the prognosis of diseases such as risk stratification as the endpoint of the study, 
especially in the relevant studies of pulmonary vascular diseases.

sST2 participates in the homeostasis and pathogenesis of some diseases and is triggered and expressed in the process 
of fibrosis, tissue injury, inflammation, and remodeling as the balance/response of the IL-33/ST2L axis activation.27 

Higher levels of sST2 can be detected in the serum of patients with PH, and sST2 expression levels are related to the 
prognosis and severity of the disease.28 Ye et al showed that sST2 levels were remarkably elevated in patients with 
connective tissue disease associated with PH compared to that in the control group.29 Plácido et al showed that sST2 is 
significantly associated with mortality and poor clinical outcomes in PH, and sST2 levels in non-survivors with PH were 
significantly higher than those in survivors.30 Watanabe et al illustrated that erum sST2 levels correlated positively with 
asthma severity (treatment step), airway H2O2 levels, and serum IL-8 levels.31 Alladina et al uncovered that plasma sST2 
associated with ventilator liberation in acute hypoxemic respiratory failure.21 Urban et al have found that sST2 
concentrations are associated with severity of disease and long-term outcome in patients with COPD.32 In the present 
study, sST2 levels in the AECOPD-PH group and AECOPD-PH patients in the poor prognosis group were remarkably 
higher than those in the AECOPD and control groups, respectively, which is in line with the results of the above studies. 
The AUCs for sST2 were >0.60. In addition, the sensitivity of sST2 in AECOPD-PH patients with poor prognosis was 
>95.0%, which confirmed that sST2 may be a predictor of poor prognosis of AECOPD-PH.

This study had numerous limitations. First, it was conducted with a small sample size; thus, the results may have 
some errors. Large-scale clinical studies that contain treatment information during hospitalization and after discharge are 
required. Second, baseline characteristics should include as many factors as possible. Third, the follow-up time of the 
patients was relatively short, and long-term predicted results should be observed. In addition, no severity grading was 
conducted during data collection, and multicollinearity/variance inflation factor was not explored in this study. Also, right 
heart catheterization was not performed during diagnosis and treatment, and false positives and false negatives of PH in 
acute exacerbation of COPD were not conducted. Besides, the effect of COVID-19 on this study should be further 
explored. Lastly, all hospitalized patients were patients with acute exacerbation of COPD; thus, stable COPD patients 
will be included to further investigate the significance and value of GDF-15 in stable COPD patients with PH in future 
studies.

Conclusion
The current study confirmed that GDF-15 and sST2 levels may be better predictors of AECOPD-PH and its prognosis. 
Accurate classification utilizing GDF-15 and sST2 may help treat patients with AECOPD-PH. Despite its usefulness, 
further prospective studies are needed to define its reliability as biomarkers.

Abbreviations
AECOPD, acute exacerbation of chronic obstructive pulmonary disease; AECOPD-PH, pulmonary hypertension in 
AECOPD; AUC, area under the curve; BMI, body mass index; COPD, chronic obstructive pulmonary disease; GDF- 
15, growth differentiation factor-15; OI, oxygenation index; ROC, receiver operating characteristic curve; SI, smoking 
index; sST2, soluble suppression of tumorigenicity 2.

Highlights
1. GDF-15 and sST2 serum levels in AECOPD-PH group were remarkably higher than those in AECOPD group.
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2. The AUCs of GDF-15, sST2, and GDF-15 + sST2 for predicting AECOPD-PH were >0.60.
3. The AUCs of GDF-15, sST2, and GDF-15 + sST2 for predicting poor prognosis in AECOPD-PH patients were >0.70.
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