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Abstract 

Background: The exacerbation of chronic obstructive pulmonary disease (COPD) is a 

heterogeneous phenomenon associated with inflammation and clinical parameters. 

Knowing the predictors of poor prognosis in patients with COPD could help to provide 

adequate intensive therapy and closer follow-up. The aim of this study was to disclose 

the correlation between the serum soluble IL-2R (sIL-2R) and prognosis in COPD 

exacerbation. 

Methods: Two hundred and ninety-four patients with COPD exacerbation were 

recruited between December 2017 and December 2019. Patients underwent lung 

function (spirometry) assessment, demographic and clinical parameters were collected, 

and a metabolic profile and inflammatory profile were created. Adverse outcomes 

included the following: death during hospitalisation or 1-month follow-up, intensive 

care unit admission, invasive or non-invasive mechanical ventilation and 

COPD-related emergency visit or readmission within 1 month after discharge. 

Univariate and multivariate analyses were performed to identify factors related to 

adverse outcomes in COPD exacerbation. The receiver operating characteristic (ROC) 

curve was used to determine the optimal diagnostic threshold for the predictors. 

Results: We enrolled 294 patients, of whom 157 and 137 had good outcomes and 

adverse outcomes, respectively. We demonstrated that patients with poor outcomes in 

COPD exacerbation had a higher smoking index or concomitant congestive heart 

disease, and patients with hypercapnia were more likely to have a worse prognosis. An 
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elevated level of sIL-2R at admission was an independent risk predictor for poor 

prognosis in COPD exacerbation with a cut-off value of 860 U/mL. Hypercapnia was 

the strongest predictor with a cut-off value of 54.25 mmHg. 

Conclusions: The presence of hypercapnia and elevated level of sIL-2R increased the 

risk of the adverse outcomes in COPD exacerbation. 

Keywords: chronic obstructive pulmonary disease, exacerbation, hypercapnia, soluble 

interleukin-2 receptor, predictive factor 

 

Background 

Chronic obstructive pulmonary disease (COPD) is a disease characterized by 

persistent airflow limitation, which is a systemic disease with a rising prevalence and 

mortality. In China, the prevalence of COPD in people over 40 years old is 

13.6%.WHO reports that COPD will become the third and fifth leading cause of death 

and disability globally by 2020 [1]. Acute exacerbations often occur in patients with 

COPD, and it has been demonstrated that acute exacerbations of COPD are a major 

clinical risk factor for increased morbidity and mortality in the future [2]. The Global 

Initiative on Chronic Obstructive Lung Disease (GOLD) has stated that prevention and 

treatment of exacerbations should be a key goal in COPD management [3]. 

  However, the severity, evolution process and the results of COPD exacerbations 

may differ significantly between patients. Some patients have good outcomes and the 
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illness can be controlled in a short period of time, while others may be hospitalised for 

long periods of time or even die, and this would increase the cost of managing the 

disease. Therefore, the identification of risk factors for bad outcomes could help in 

distinguishing those patients who require more intense management, which could 

reduce the social-economic burden and improve the patients’ quality of survival.  

Although some clinical factors have been identified that are associated with frequent 

exacerbations of COPD [4], the reasons for poor prognosis in patients with acute 

exacerbations of COPD remain unclear. This is because COPD is a complex and 

heterogeneous disease. There are many kinds of cells in the lung, such as alveolar 

macrophages, neutrophils, T lymphocytes and mast cells. These cells are activated 

and can release a variety of inflammatory cytokines, which are involved in the 

pathogenesis and progression of COPD. Apart from local pulmonary inflammation, 

COPD is also a systemic inflammatory disease involving a variety of inflammatory 

factors [5]. Some researches about these inflammatory factors did provide many novel 

ideas about the pathogenesis of COPD. To date, however, there are no objective 

biomarkers that could suggest the disease activity or poor prognosis in COPD 

exacerbation. 

  The purpose of this study was to search for more sensitive and specific markers 

to predict the poor prognosis in COPD exacerbations, helping clinicians stratify the risk 

of COPD acute exacerbations, and to develop targeted interventions. 
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Methods 

Ethics statement   

The study protocol was approved by the Human Research Ethics Committee of the  

Xinhua Hospital affiliated to Shanghai Jiaotong University Medical College 

(XHEC-C-2017-085). Written informed consent was obtained from each participant. 

All experiments were performed in accordance with relevant guidelines and 

regulations. 

 

Study subjects 

Two hundred and ninety-four patients with COPD exacerbation from the inpatient 

department of Xinhua Hospital in Shanghai were recruited between December 2017 

and December 2019. All patients were diagnosed with COPD at least six years earlier. 

The diagnosis and classification of COPD were based on the 2017 Global Initiative for 

Obstructive Lung Disease (GOLD) guideline criteria: (a) forced expiratory 

volume/forced vital capacity (FEV1/FVC) < 70% and (b) the increase of FVC or FEV1 

< 12% or 200 mL after inspiring bronchodilator β-agonist (200 mg salbutamol) [3]. 

An exacerbation of COPD was defined as a COPD-related episode with: 1) 

hospitalisation; 2) emergency room (ER) visit; or 3) the need for oral corticosteroids 

(OCS) and/or antibiotics for at least 3 days [6]. Frequent exacerbation was defined as ≥ 

2 exacerbations per year. All patients discharged from our institution after a COPD 

exacerbation are scheduled for a follow-up visit at 1 month. For reasons to do with 
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statistical power, we conducted our analysis using data from the first exacerbation in 

each patient, despite the possibility of more than one admission during the observation 

period. The key exclusion criteria were as follows: 1) documented history of other 

concomitant chronic respiratory diseases (e.g. asthma, cystic fibrosis, or interstitial 

lung disease) or 2) community-acquired pneumonia, lung cancer, pulmonary embolism, 

pneumothorax, bronchiectasis, active pulmonary tuberculosis or acute heart failure 

identified by clinical signs, chest X-ray or computed tomography at admission. 

An adverse outcome in COPD exacerbation was defined by the presence of at least 

one of the following: (1) death from a respiratory cause during hospitalisation or within 

1 month of follow-up; (2) intensive care unit (ICU) admission; (3) invasive or 

non-invasive mechanical ventilation; and (4) COPD-related ER visit or readmission 

during follow-up. A good outcome was considered to exist in the absence of all the 

above-mentioned issues. 

Clinical characterisation  

Demographic and clinical data, including vital signs and laboratory findings, were 

collected within 3 hours of admission. The data included the patients’ demographic 

variables, body mass index (BMI), smoking habit (former-smokers were defined as 

those having stopped smoking for 6 months or more prior to their participation in this 

study), chronic bronchitis (regular sputum production ≥ 3 months in 2 consecutive 

years), use of long-term home oxygen therapy (LTHOT) or noninvasive ventilation 



7 

 

(NIPPV) and comorbidities (using the Charlson index) [7]. Cigarette smoking history 

was collected as the smoking index (SI = pack per day × smoking years). We also 

collected data about the numbers of COPD exacerbations in the preceding year. 

Dyspnoea of patients was evaluated by the modified British Medical Research Council 

(mMRC) scale. In addition, five variables were recorded at admission: heart rate, 

respiratory rate, blood pressure, temperature, and edema of both lower limbs. 

Spirometry measurements 

Spirometry measurement was based on the American Thoracic Society/European 

Respiratory Association guidelines [8]. Data were collected during the non-acute 

exacerbation phase (in the stable phase or 8 weeks after acute COPD exacerbation). 

Classification of COPD severity followed the Global Initiative for Chronic Obstructive 

Lung Disease [3]. Spirometry measurement was examined by German yag lung 

function instrument (Germany) and was performed by two experienced physicians. 

Sample collection and measurements  

We recorded gas exchange variables (pH, partial arterial carbon dioxide pressure 

[PaCO2, mmHg] and the ratio of partial arterial oxygen pressure to the fraction of 

inspired oxygen [PaO2/FiO2] using a Radiometer blood gas analyser (Leidomeit 

Medical Equipment Co., Ltd., Shanghai, China) at admission. 

The vein blood was taken from the cubital vein of all subjects within 1 hour of 

admission and centrifuged immediately at 3000 rpm for 15 mins at 4°C. Then, the 
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plasma and serum samples were stored at −80°C until analysis. Whole blood leukocyte 

counts (WBC, 109/L) and eosinophils (EOS, 106/L) were measured using a Sysmex 

XE-2100 automated haematology analyser (Sysmex Medical Electronics Co., Ltd., 

Kobe, Japan). C-reactive protein (CRP, mg/L) levels were determined using a 

high-sensitivity immunoturbidimetric assay (Beckman Coulter Inc., Brea, CA, USA). 

Erythrocyte sedimentation rates (ESR, mm/h) were assessed using a TEST 1 ESR 

automatic analyser (ALIFAX Diagnostici, Padova, Italy). Albumin (g/L), blood urea 

nitrogen (BUN, mmol/L) and creatinine (umol/L) were assessed using an Hitachi 7600 

automatic biochemical analyser (Hitachi, Tokyo, Japan). Troponin-I (ng/mL) was 

measured using an Access 2 Immunoassay system (Beckman Coulter). Brain 

natriuretic peptide (BNP, pg/mL) and procalcitonin (PCT, ng/mL) were measured 

using a Roche Cobas e411 automatic chemiluminescence immunoanalyser (Roche, 

Rutkreus, Switzerland).  

The cytokines—interleukin-6 (IL-6) (<5.9 pg/mL), interleukin-8 (IL-8) (<62 

pg/mL), interleukin-10 (IL-10) (<9.1 pg/mL), tumour necrosis factor-α (TNF-α) (<8.1 

pg/mL), and soluble IL-2 receptor (sIL-2R) (range 223–710 U/mL) —were analysed 

using a chemiluminescence immunoassay (Siemens, Erlangen, Germany). 

Statistical analysis 

SPSS 21.0 statistical software (IBM Corp., Chicago, IL, USA) was used to 

perform data analysis. We report categorical variables as numbers and constituent 
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ratios (%), and we report continuous variables as means ± standard deviations (SDs) or 

as medians (1st quartile; 3rd quartile) for normal and non-normal distributions, 

respectively. Categorical variables were compared using the chi-squared test or the 

Fisher exact test and on the measurement data using a one-way analysis of variance. 

Comparisons of parameters with skewed distributions were analysed using the 

Wilcoxon test. Multivariate logistic regression analyses were used for multivariate 

analysis to assess which background variables were predictive factors for poor 

prognosis in COPD exacerbation, and odds ratios were calculated with a 95% 

confidence interval (CI). Pearson’s correlation coefficient and Spearman’s rho were 

used to analyse the correlation between predictors and other variables. The receiver 

operating characteristic (ROC) curve was used to determine the optimal diagnostic 

threshold for the predictors. Statistical significance was set at P < 0.05. 

 

Results  

General characteristics of subjects 

The study population comprised 294 patients with COPD exacerbations, with a 

predominance of elderly men (250 mn [85%]; age [mean+/-SD] 71.68+/- 8.48 years) 

and high smoking exposure (41 pack-years; Table 1). A further 17 cases were excluded 

because the COPD diagnosis was not confirmed by spirometry within 8 weeks of 

freedom from exacerbation (Figure 1). Table 1 presents the demographic and baseline 

characteristics of patients in each group. In the overall population, the mean body mass 
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index was 22.41+/-3.11 kg/m2, the mean FEV1%pred was 42.81%+/-17.47, and the 

mean FEV1/FVC was 51.96%+/-10.37. There were 10 patients (3.4%) in GOLD stage 

A, 85 patients (28.9%) in GOLD stage B, 123 patients (41.8%) in GOLD stage C, and 

76 patients (25.9%) in GOLD stage D. Most of the patients had a history of chronic 

bronchitis (227 [77.2%]) and had obvious symptoms of dyspnoea (170 patients with 

mMRC score 3–4). Comorbidities were common among the study population. The 

most prevalent comorbidity was congestive heart disease in 116 patients (40%), 

followed by diabetes in 48 patients (16%). The mean duration of hospitalisation was 

12.4+/-4.8 days. 

One hundred and thirty-seven patients (47%) had adverse outcomes in COPD 

exacerbation. Six patients died during hospitalisation and two during the 1-month 

follow-up period. One hundred and fifteen patients (39%) were mechanically 

ventilated with either invasive or non-invasive ventilation or both, and admission to the 

ICU was required by 126 patients (43%). Twenty-two patients (7.5%) were 

hospitalised at least twice in a year for acute exacerbations (maximum five 

exacerbations). Twenty-one patients (7.1%) were readmitted or attended the ER within 

1 month after discharge. 

Comparison of patients with good and adverse outcomes in terms of clinical 

variables 
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When compared with patients with good outcomes, patients with adverse 

outcomes had a greater pack-year smoking history (P = 0.001), a higher proportion of 

chronic bronchitis history (P < 0.001), more severe dyspnoea (mMRC 3–4, 83.2% of 

the adverse outcomes group vs. mMRC 3–4, 35.7% of the good outcomes group, P < 

0.001), a significantly lower FEV1%pred (P < 0.001) and FEV1/FVC ratio (P < 0.001) 

and higher GOLD stage (P < 0.001). As expected, the adverse outcomes patients used 

oxygen or non-invasive mechanical ventilation at home more frequently (P < 0.001 and 

P < 0.001, respectively) and had more frequent exacerbations within the previous year 

(P < 0.001). On the day of admission, a significantly higher heart rate (P = 0.005), a 

higher respiratory rate (P < 0.001) and a higher rate of hypertension (P < 0.001) were 

observed in the adverse outcomes group compared to the good outcomes group. In 

addition, edema of both lower limbs was more frequently observed in adverse 

outcomes patients (P < 0.0001) (Table 1). 

There were no significant differences attributable to age (P = 0.157), gender (P = 

0.19), BMI (P = 0.284), or temperature upon arrival (P = 0.774) among subjects in the 

good outcomes and adverse outcomes groups. Moreover, the rate of congestive heart 

disease was significantly higher in the adverse outcomes group compared to the good 

outcomes group (P < 0.001), but there were no significant differences according to 

ischaemic heart disease (P=0.114), cerebrovascular disease (P = 0.091), chronic kidney 

disease (P = 0.073) or diabetes (P = 0.322). 
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Comparison of patients with good and adverse outcomes in terms of laboratory 

variables 

As shown in Table 2, the signs of respiratory failure at admission in terms of lower 

pH, lower PaO2 /FiO, and higher PaCO2 were also associated with adverse outcomes (P 

< 0.001, P < 0.001, and P < 0.001, respectively). Serum PCT (P = 0.006), TNT-I (P < 

0.001), BNP (P < 0.001), and BUN (P = 0.006) were higher in the adverse outcomes 

group, while serum albumin was significantly lower, compared to the good outcomes 

group (P = 0.001). Meanwhile, IL-6 (P < 0.001), IL-8 (P = 0.002), IL-10 (P = 0.01), 

TNF-a (P = 0.001), and sIL-2R (P < 0.001) were higher in the adverse outcomes group. 

There were no significant differences related to WBC (P = 0.159), CRP (P = 0.069), 

ESR (P = 0.252), EOS (P = 0.09), or serum creatinine (P = 0.721). 

Predictors of adverse outcomes in COPD exacerbation 

Statistically significant variables from the univariate analysis were entered into a 

multivariate logistic regression model (Table 3). Greater smoking index, use of NIPPV 

at home, concomitant congestive heart disease, hypercapnia, and a higher level of 

sIL-2R were associated with adverse outcomes in COPD exacerbation. In the 

multivariate and multivariate adjusted analyses, the presence of hypercapnia at 

admission was the strongest predictor, and a high level of sIL-2R was confirmed as an 

independent predictor of adverse outcomes in COPD exacerbation. The probability of 

poor prognosis in patients with COPD exacerbation accompanied by congestive heart 

disease was 2.64 times higher than that in patients without congestive heart disease. 
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Patients were divided into six groups based on PaCO2: 1) group 1, less than 40 

mmHg; 2) group 2, 40 mmHg to 49 mmHg; 3) group 3, 50 mmHg to 59 mmHg; 4) 

group 4, 60 mmHg to 69 mmHg; 5) group 5, 70 mmHg to 79 mmHg; and 6) group 6, 

more than 80 mmHg. The odds ratio was 4.26 (95% CI: 3.08–6.23, P < 0.001) per 10 

mmHg. Patients were grouped into four quartiles according to serum sIL-2R: 1) 

quartile 1, less than 550.25 U/mL; 2) quartile 2, 550.26 U/mL to 813.5 U/mL; 3) 

quartile 3, 813.6 U/mL to 1099.25 U/mL; and 4) quartile 4, more than 1099.26 U/mL. 

The odds ratio was 2.75 (95% CI: 1.89–4.18, P < 0.001). Patients were grouped into 

four quartiles according to the smoking index: 1) quartile 1, less than 14 pack-years; 2) 

quartile 2, 15 pack-years to 24 pack-years; 3) quartile 3, 25 pack-years to 49 pack-years; 

and 4) quartile 4, more than 50 pack-years. The odds ratio was 1.81 (95% CI: 1.17–2.87, 

P = 0.009) (Table 4). 

Correlation between PaCO2, sIL-2R and other variables  

We found that among the other variables, the variables with reception areas under 

the ROC curve greater than 0.7 included FEV1, FEV1/FVC, mMRC score, GOLD stage, 

BNP, TNT-I, and IL-6. We further analysed the correlation between PaCO2, sIL-2R, 

and these variables (Table 5). In all patients, PaCO2 was negatively correlated with 

FEV1% (P < 0.001) and FEV1/FVC (P < 0.001) and positively correlated with mMRC 

score (P < 0.001) and GOLD stages (P < 0.001), but not with BNP, TNT-I, IL-6, and 

sIL-2R. SIL-2R was only positively correlated with IL-6 (P < 0.001). 
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When considering COPD exacerbation severity (Table 5), we found that patients 

in the good outcomes group had a negative correlation between PaCO2 and FEV1% (P < 

0.001) and a positive correlation between PaCO2 and GOLD stage (P < 0.001), but no 

correlation with other variables. In the adverse outcomes group, we also found that 

PaCO2 was correlated with FEV1% (P < 0.001) and GOLD stage (P < 0.001). sIL-2R 

was only positively correlated with IL-6 in both the good outcomes group and the 

adverse outcomes group (P < 0.001), but not with other variables, suggesting that 

elevated serum sIL-2R level was an independent risk predictor for poor prognosis in 

COPD exacerbation. 

Diagnostic value of PaCO2 and sIL-2R for adverse outcomes in COPD 

exacerbation 

Because PaCO2 had a remarkably higher concentration in COPD exacerbation 

with adverse outcomes and was negatively correlated with lower lung function, and 

sIL-2R was an independent risk factor for adverse outcomes in COPD exacerbation, we 

further investigated the possible merit of PaCO2 and sIL-2R in predicting prognosis in 

COPD exacerbation. ROC curve analysis indicated that the area under the curve (AUC) 

of PaCO2 to distinguish adverse outcomes in COPD exacerbation was 0.884 (95% CI, 

0.840–0.929) (Figure 2). With a cut-off value of 54.25 mmHg, the sensitivity was 

81.0% and the specificity was 93.6%. The AUC of sIL-2R was 0.719 (95% CI, 

0.66–0.777) (Figure 3). With a cut-off value of 860 U/mL, the sensitivity was 62.0% 

and the specificity was 73.9%. 



15 

 

Discussion 

This observational study of patients hospitalised for COPD acute exacerbation 

allowed us to make some important conclusions. First, a high level of sIL-2R was 

independently confirmed as a predictor of adverse outcomes in COPD acute 

exacerbation. Second, the presence of hypercapnia at admission was the strongest 

predictor of poor prognosis in COPD exacerbation. Hypercapnia was statistically 

associated with the severity of airflow obstruction. Third, we found that patients with 

poor outcomes in COPD exacerbation and a higher smoking index or combined with 

congestive heart disease were more likely to have a worse prognosis. More importantly, 

we demonstrated that circulating sIL-2R was independently associated with adverse 

outcomes in COPD exacerbation. These aspects of a patient presentation could help us 

identify patients who are at risk of worse outcomes and ultimately provide tailored 

interventions. 

COPD is associated with chronic inflammation of the airways and lung 

parenchyma, which increases further during acute exacerbations and is also associated 

with systemic inflammation [9]. COPD exacerbation has been identified as a major 

clinical risk factor for future morbidity and mortality. Evidence suggests [10] that 

systemic inflammation can occur with the first symptoms of the disease, and COPD 

exacerbation is closely associated with an inflammatory cascade reaction. Theoretically, 

inflammatory biomarkers can be used to supplement clinical data and to determine the 

https://webvpn.shsmu.edu.cn/https/77726476706e69737468656265737421e7e056d234336155700b8ca891472636a6d29e640e/topics/medicine-and-dentistry/chronic-inflammation
https://webvpn.shsmu.edu.cn/https/77726476706e69737468656265737421e7e056d234336155700b8ca891472636a6d29e640e/topics/medicine-and-dentistry/lung-parenchyma
https://webvpn.shsmu.edu.cn/https/77726476706e69737468656265737421e7e056d234336155700b8ca891472636a6d29e640e/topics/medicine-and-dentistry/lung-parenchyma
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health status of patients before, during, and after the occurrence of COPD exacerbation 

[11,12]. 

Over the past decade, many inflammatory biomarkers associated with COPD 

exacerbation have been investigated [13-15]. This study also found that the serum 

levels of IL6, IL8, IL10, and TNF-α were higher in patients with poor outcomes in 

COPD exacerbation compared to those with good outcomes. However, sIL-2R has not 

been reported to be associated with COPD exacerbation. Thus, it is necessary to 

conduct more research to explore the role of sIL-2R in COPD exacerbation. 

IL-2 acts via the interleukin-2 receptor (IL-2R), which comprises α (CD25), β 

(CD122), and common γ (CD132) chains expressed on the surface of T cells [16]. 

IL-2R is released by T cells in a soluble form as sIL-2R. SIL-2R expression is increased 

with T cell activation. Hence, serum sIL-2R is considered a marker of T-cell activation 

[17]. Since its initial description, the detection and quantitation of sIL-2R has been 

increasingly used by researchers and clinicians in the investigation of immunologic 

phenomena in vitro and in vivo. sIL-2R is present in vivo, at low levels in the sera of 

healthy persons and, at markedly elevated levels, correlate with disease activity, such as 

in patients with cancer [18], infections [19], IgG4-related disease [20], autoimmune 

inflammation including rheumatoid arthritis [21] and systemic lupus erythematosus 

[22], but also in sarcoidosis patients [23]. 
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Several studies have found that the level of sIL-2R is elevated during the acute or 

aggravated phase of the disease and decreased during the convalescence period or after 

treatment [24,25]. Park found [26,27] the concentrations of IL-2 and sIL-2R were 

higher in the bronchoalveolar lavage fluid (BALF) of symptomatic patients with 

bronchial asthma than those of normal subjects and asymptomatic patients. The 

concentration of sIL-2 inversely correlated with FEV1 in symptomatic bronchial 

asthma. Alexander also found [25] that the changes in the serum sIL2R concentration 

of asthma reflected disease severity and response to therapy and may be predictive of 

disease exacerbation. William [28] used daclizumab, which is a humanised monoclonal 

antibody that binds specifically to the α (Tac, CD25) subunit of the high-affinity sIL-2R 

and improves asthma control in patients with moderate to severe persistent asthma. In 

vitro studies conducted with daclizumab demonstrate that this antibody inhibits various 

lymphocyte functions, including IL-2–dependent mitogen- and antigen-induced T-cell 

proliferation and mixed lymphocyte reaction. 

COPD is also a chronic airway disease, and there are greater numbers of 

macrophages, T-lymphocytes, and B-lymphocytes in the airway wall and parenchyma. 

In this study, sIL-2R was found to be significantly increased in patients with poor 

outcomes in COPD exacerbation, suggesting that sIL-2R may play a potential role in 

COPD exacerbation.  
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In terms of inflammatory factors, it is important to mention that although IL-6, 

IL-8, IL-10 and TNF-a did not appear to be risk factors for adverse outcomes, they 

showed statistical significance on univariate analysis, which is consistent with some 

other research findings [29,30] . High concentrations of IL-6, which was positively 

correlated with sIL-2R, not only in all subjects but also in the grading analysis, may be 

associated with adverse outcomes in COPD exacerbation. 

In the multivariate and multivariate adjusted analyses, the presence of 

hypercapnia at admission was the strongest predictor, which is consistent with 

Matkovic [31]. In addition, we observed that hypercapnia was negatively correlated 

with FEV1% (P < 0.001) in both the total population and in the subgroups, suggesting 

that hypercapnia is closely related to poor lung function. 

In terms of complications, we found that congestive heart disease and 

hypertension, followed by diabetes were the most commonly associated complications 

in patients with COPD exacerbations. Concomitant congestive heart disease was 

associated with adverse outcomes in COPD exacerbations. The probability of poor 

prognosis in patients with COPD exacerbation accompanied by congestive heart 

disease was 2.64 times higher than that of patients without congestive heart disease. In 

addition, we found that patients with adverse outcomes had increased blood BNP and 

TNT-I levels as well as increased heart rate compared to good outcomes patients. Patel 

also revealed [32] that patients with frequent acute exacerbation of COPD had more 
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severe arteriosclerosis than patients with infrequent acute exacerbation. The former 

patients had significantly increased blood BNP and TNT during acute exacerbation and 

continued to increase within 5 weeks after acute exacerbation. COPD patients with 

cardiovascular disease or even those with risk factors for cardiovascular disease are at 

an increased risk of cardiovascular events if they have COPD exacerbations. This is 

especially true in hospitalised patients and within the first 30 days after exacerbation 

[33]. As a result, patients with advanced moderate chronic obstructive pulmonary 

disease, such as concurrent congestive heart disease, should be the target of future 

research and intervention. 

There were also some limitations to this study. First, there was a high proportion 

of males (85%), which could affect the generalisability of the results. Second, only 294 

people were recruited, which limited our analysis of the correlation between sIL-2R, 

lung function, and systemic inflammation in patients with COPD acute exacerbation. 

Third, we found that congestive heart disease was most common in patients with 

COPD exacerbation. However, we did not record echocardiographic results to better 

assess cardiac function. Finally, in future studies, we will need to analyse other samples 

that better reflect airway conditions, such as BALF and sputum. 

 

Conclusions 
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In conclusion, findings from this study suggest that the presence of hypercapnia 

and elevated levels of serum sIL-2R increase the risk of adverse outcomes in COPD 

exacerbation. We analysed the diagnostic and predictive role of sIL-2R by analysing 

the ROC curve and binary logistic regression and found that sIL-2R could be an 

independent risk predictor of adverse outcomes in COPD exacerbation, suggesting that 

sIL-2R is worthy of further investigation in the future, thus advancing clinical practice 

toward precision medicine. 
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soluble IL-2 receptor (sIL-2R); standard deviation (SD); confidence interval (CI); 

receiver operating characteristic (ROC); area under the curve (AUC). 
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Figure legends 

 

 

Figure 1 Study flow diagram 
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Table 1 Baseline characteristics of the study population in relation to the outcome of 

COPD exacerbation  
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Table 2 Laboratory variables at admission    

 



30 

 

Table 3   Multivariate logistic regression analysis on the prediction of adverse 

outcome in COPD exacerbation 
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Table 4   Predictors of adverse outcome in COPD exacerbation   
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表 5  Correlation between PaCO2, SIL-2R and other variables in COPD exacerbation  
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Figure 2 Diagnostic value of PaCO2 for adverse outcomes in COPD exacerbation 
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Figure 3 Diagnostic value of sIL-2R for adverse outcomes in COPD exacerbation 
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