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1. INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is a very common disease. The global prevalence of 

COPD has been estimated to approximately 9–10% in populations aged 40 years or more [1]. Because 

of the development of severe hypoxemia, pulmonary arterial hypertension (PAH) develops late in the 

course of natural history of patients with COPD. The rate of PAH progression in COPD patients is 

slow (an increase of <1 mmHg per year) [2], however, the presence of PAH implies a poor prognosis 

in patients with COPD [3]. As it is known to us all, right heart catheterization (RHC) examination is 

the golden standard for the diagnosis of PAH, yet it is not practical to be used as a screening test. In 

the last few years, some researches have supplied with the fact that insulin,
 
high density lipoprotein 

cholesterol, and C-reactive protein are all correlated with the severity of the patients with PAH [4,5,6]. 

In our previous study, we also found that circulating plasma ghrelin and obestatin levels were low in 

COPD patients with PAH [7].These circulating plasma markers could be used to value the severity of 

PAH and supply us with new pathways or therapeutic targets of PAH. 

NT-proBNP is a pro-hormone, secreted by the myocardium in response to various stimuli, including 

mechanical stretch and hypoxia, along with some neurohormonal factors such as catecholamines and 
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tumor necrosis factors. In 2008, Allanore and his colleagues first explored the plasma level of NT-

proBNP in scleroderma patients with PAH and supplied with the fact that NT-proBNP could be a 

biomarker to value the severity of PAH associated with scleroderma [8]. FIJALKOWSKA et al also 

found that circulating plasma NT-proBNP levels were correlated with echocardiographic variables and 

hemodynamic parameters in a heterogeneous cohort of pulmonary hypertension patients [9]. In 2012, 

Charlotte U. Andersen found that there was a significant relationship between higher values of NT-

proBNP and the presence of PAH in patients with interstitial lung disease [10]. The above results 

suggested that NT-proBNP might play a role in the regulation of pathophysiological process of PAH. 

The aim of this study was to investigate the plasma NT-proBNP levels and their relationships between 

them and some hemodynamic parameters in COPD patients with or without PAH. 

2. METHODS 

2.1. Subjects 

Thirty-nine patients, ranging in age from 55 to 84 years old (mean age: 69.6±1.6 years ), were 

recruited from those who were diagnosed COPD between October 2013 and February 2014. All 

patients had no evidences of liver or kidney diseases based on the laboratory examinations. These 

COPD patients were taken to the ultrasound department for echocardiography according to the 

guideline of ESC [11]. The estimation of systolic pulmonary arterial pressure (PASP) is based on 

the peak velocity of the jet of tricuspid regurgitation [11]. Based on the results of echocardiography, 

the patients were divided into two groups: twenty-two patients were enrolled in the PAH group 

(PASP>50mmHg), the rest seventeen patients were enrolled in the control group (PASP<36mmHg). 

Written informed consents were obtained from all subjects before participation. 

2.2. Anthropometry 

Height and weight were measured according to the standard techniques in each subject [12]. Body 

mass index (BMI) was calculated. 

2.3. Echocardiography 

All the patients were examined at rest in the supine position or left lateral decubitus position. A 

complete M-mode and 2D echocardiography study was performed by a senior sonographer using a 

standardized protocol on the same machine (Vivid 7, Vingmed-General Electric, Horten, Norway) 

according to the American Society of Echocardiography guidelines [13]. The left ventricular 

contractility (fractional shortening, FS and ejection fraction, EF) was measured by M-mode 

echocardiography performed from the parasternal long-axis view. 

2.4. Blood Samples 

Blood samples were taken from the femoral vein after an overnight fast. The blood was 

immediately transferred into a chilled glass tube containing EDTA-2Na (1mg/ml) and aprotinin 

(Phoenix Pharmaceuticals, Belmont, CA; 100ul containing 0.6 trypsin inhibitor units per milliliter 

of blood), then immediately centrifuged at 1600×g for 15 minutes at 4℃. Plasma samples were 

frozen and stored at - 80℃ until assayed. The plasma glucose levels were measured by an 

automated glucose oxidase method (Automatic Analyzer 7600-020; Hitachi, Tokyo, Japan). 

2.5. Hormone Assay 

Plasma NT-proBNP and insulin levels were measured by enzyme linked immunosorbent assay 

(ELISA) method according to the manufacturer’s instructions. The reagent kits were manufactured by 

R& D Systems (Minneapolis, USA). Insulin resistance was calculated by the homeostasis model of 

assessment for insulin resistance (HOMA-IR) approach, calculated as fasting insulin (microunits per 

mil-liter)  fasting blood glucose (millimoles per liter)/22.5 [14]. 
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2.6. Statistical Analysis 

Data are expressed as the mean ± SE. Comparisons between the parameters of the PAH group and 

the control group were performed with unpaired Student’s t test. The relationships between NT-

proBNP, insulin, and hemodynamic parameters were examined by bivariate correlations (Pearson’s 

correlation coefficient). Multiple regression analysis was further used to assess the relationships 

between NT-proBNP, insulin and hemodynamic variables. A value of P < 0.05 was considered 

significant. All of the analyses were performed using SPSS for windows (version 10.0; SPSS Inc., 

Chicago, IL). 

3. RESULTS 

3.1. Subjects (Table 1) 

Table 1 depicts characteristics of the study population. There were no significant differences in 

BMI, age, fasting glucose and insulin levels between the PAH group and the control group. 

Compared with the control group, the PAH group had lower EF and fasting insulin level. However, 

the insulin resistance as calculated by the HOMA-IR approach was not found to show significant 

difference between the PAH group and the control group. 

Table1. Characterization of the subjects included in the study 

Parameters PAH group Control group P value 

Number 22 17  

Age(y) 69.1±2.2 70.3±2.4 0.72 

BMI(Kg/m2) 20.1±0.75 20.4±1.2 0.80 

EF 0.60±0.01 0.65±0.01 0.03 

Fasting glucose(mmol/liter) 5.5±0.23 5.1±0.18 0.19 

Fasting insulin(Iu/ml) 10.3±0.14 11.0±0.14 0.002 

HOMA-IR 2.49±0.11 2.47±0.10 0.88 

Data are means ± SE and P <0.05 was regarded as statistically significant. 

3.2. Differences in NT-proBNP level between the PAH group and the control group  

The fasting plasma concentration of NT-proBNP was 4982.5 ± 22.5 pg/ml and 5067.5 ± 21.8 pg/ml 

in PAH group and control group, respectively, and there was a significant difference between them 

(P<0.05) (Fig. 1). 

 

Fig1. Plasma NT-proBNP levels in PAH and control group. *P<0.05 compared with control group. 
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3.3. Correlations between NT-proBNP and Other Parameters of the Baseline in the Study 

Population  

In the study population, only fasting insulin level was found to be positively correlated with fasting 

NT-proBNP level. Age, BMI, EF, fasting glucose, and HOMA-IR were not found to be correlated with 

NT-proBNP. In a multiple regression model including age, BMI, fasting glucose, fasting insulin, 

HOMA-IR, EF, only fasting insulin was an independent predictor of NT-proBNP (standardized 

coefficient = 0.708, P < 0.001), whereas other parameters did not show any significant correlations 

with NT-proBNP. In the PAH group, only fasting insulin was found to be positively correlated with 

NT-proBNP, whereas other parameters were not found to be correlated with NT-proBNP. In the 

control group, NT-proBNP was not found to be significant correlated with any parameters and no 

parameter was found to be an independent predictor of NT-proBNP in a multiple regression model 

analysis. 

Table2. Correlations between NT-proBNP and hemodynamic parameters in the study population 

Parameters All the patients(n=39) in PAH group(n=22) Control group(n=17) 

 r p r p r P 

Age 0.106 0.261 0.373 0.087 -0.354 0.163 

BMI 0.004 0.491 -0.153 0.497 0.138 0.598 

Fasting glucose -0.076 0.323 -0.085 0.708 0.226 0.383 

Fasting insulin 0.708 <0.001 0.565 0.006 0.776 0.0003 

HOMA-IR 0.176 0.142 0.077 0.733 0.433 0.083 

EF 0.156 0.171 -0.152 0.498 0.314 0.220 

4. DISCUSSION 

The aim of the present study was to investigate the plasma NT-proBNP level and clinical 

hemodynamic parameters and their relationships in COPD patients with and without PAH. In this 

study, we found that fasting plasma NT-proBNP level was significantly lower in COPD patients with 

PAH compared with that of the control group. 

In a previous study, plasma BNP level was found to be elevated in patients with PAH and chronic lung 

disease with right ventricular overload [15]. In a study enrolled in 44 patients with pulmonary 

hypertension Nagaya et al. showed a significant difference between those with pulmonary 

hypertension compared to those without regarding their BNP levels [16]. In 2006, Williams MH et al 

found that plasma NT-proBNP level was significantly higher in PAH patients associated with systemic 

sclerosis (PAH-SSc) compared with the SSc patients without PAH [17]. Recently, Mathai SC et al. 

also found that plasma NT-proBNP level was significantly higher in PAH-SSc compared with 

idiopathic PAH (IPAH) patients and was a stronger predictor of survival in PAH-SSc than IPAH [18]. 

The results of Mathai’s group suggested that the expression of NT-proBNP might be different in the 

different kinds of PAH. Therefore, this is the aim to explore the expression of NT-proBNP and the 

relationships between it and some hemodynamic parameters in the COPD patients with and without 

PAH. 

In this study, we found that EF was lower in the PAH group compared with that of the control group 

and the difference between them was significant. Recently, EF was also found to be significant lower 

in stable COPD patients compared with that of the control [19]. Based on the above results, we might 

speculate that left ventricular systolic dysfunction was more serious in COPD patients with PAH 

compared with that of the control group. 

In this study, we also explored the relationships between NT-proBNP and some hemodynamic 

parameters in COPD patients. We found that only fasting insulin level was positively correlated with 

NT-proBNP in the study population and only insulin was an independent predictor of NT-proBNP in a 

multiple regression model analysis. In the PAH group, we also found fasting insulin level was not 
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only positively correlated with NT-proBNP but also an independent predictor of NT-proBNP. 

However, the same correlations between NT-proBNP and insulin were not found in the control group. 

In this study, we also found that fasting insulin level was lower in COPD patients with PAH compared 

with that of control group, and the difference between them was significant. However, the insulin 

resistance calculated by the HOMA-IR approach of the PAH group was higher compared with that of 

the control group and the difference between them was not significant. This was not in accordance 

with the previous study of Zamanian RT’s group in 2008 which revealed that insulin resistance was 

more prevalent in patients with PAH [6]. 

There were several limitations in this study. First, the results of this study should be tested in a larger 

sample of patients where subgroup comparisons could be allowed (i.e. female vs male, different levels 

of PAP). Second, a study with a longer follow-up period would supply us with more information 

between NT-proBNP and clinical hemodynamic parameters and determine whether NT-proBNP could 

be used as a biomarker of severity of PAP in the COPD patients with PAH. Finally, we did not supply 

more evidences to explain the differences between the previous studies and our study. 

5. CONCLUSION 

In conclusion, the aim of this study was to explore the expression of NT-proBNP and the relationships 

between it and some hemodynamic parameters in COPD patients with or without PAH.  The results of 

this study suggested that the expression of NT-proBNP might be different in different kinds of 

pulmonary hypertension. The difference of the results between the previous and our study might be 

due to the different enrolled patients in different studies. Future studies to confirm or refute our initial 

results are eagerly anticipated. 
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