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Background: Chronic obstructive pulmonary disease (COPD) often associated with cigarette smoking. However, increasing evidence 
suggests that non-smoking COPD is much higher than previously thought. This study aims to identify a nonsmoking COPD biomarker 
and examined its value in diagnosis and prediction of acute exacerbation.
Methods: A total of 35 stable COPD patients, 70 acute exacerbation chronic obstructive pulmonary disease (AECOPD) patients and 
35 healthy control subjects were included. Plasma α 2 macroglobulin (A2M) and matrix metalloproteinase-9 (MMP-9) levels were 
measured using the enzyme-linked immunosorbent assay (ELISA) method on all participants. Their association with clinical 
characteristics and lung function parameters were determined by regression analysis. Receiver operating characteristic (ROC) curve 
was used to determine the diagnostic sensitivity and specificity. Correlation coefficients were evaluated using Pearson’s correlation.
Results: Plasma A2M concentration was decreased and MMP-9 concentration, MMP-9/A2M ratio were elevated in stable COPD 
patients compared with control groups. And MMP-9 expression was significantly higher in AECOPD patients. A2M level was 
increased in AECOPD patients with infection compared with those without. In addition, there was no statistical difference in A2M 
levels between smokers and nonsmokers COPD or healthy control subjects. Furthermore, A2M, MMP-9 and MMP-9/A2M were 
correlated with forced expiratory volume in one second (FEV1)%, FEV1/ forced vital capacity (FVC), CAT and mMRC score in COPD 
patients, but had no correlation with fraction of exhaled nitric oxide (FeNO) and concentration of alveolar nitric oxide (CaNO).
Conclusion: A2M is altered in peripheral blood of COPD patients and correlated with severity and infection. Moreover, there was no 
significant correlation between the change in A2M and smoking, FeNO and CaNO, suggesting A2M may reflect the overall rather than 
local inflammation in COPD patients and serve as a potential biomarker for nonsmoking COPD patients.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality worldwide.1 Patients with 
persistent airflow limitation, respiratory symptoms, and a post-bronchodilator forced expiratory volume in one second 
(FEV1)/forced vital capacity (FVC) ratio of 70% are considered to have COPD.2 It is common knowledge that smoking 
cigarettes causes COPD. Epithelial cells and alveolar macrophages (AMs) become activated by tobacco smoke inhalation 
and emit chemoattractants that draw circulating neutrophils, monocytes, and lymphocytes into the lung.3 The deterioration 
of the lung parenchyma, mucus hypersecretion, and small airway fibrosis are caused by these cells in COPD patients 
releasing more proteinases and growth factors.4–7 However, mounting research points to the significance of other risk 
factors, particularly in developing nations. According to estimates, 25% to 45% of COPD patients have never smoked, 
which suggests the prevalence of non-smoking COPD is substantially higher than previously believed.8 COPD in smokers 
was reported to show features of emphysema than nonsmoking COPD patients.9,10 Nonsmoking COPD patients were less 
likely to have a chronic cough and expectoration.11 The frequency of acute symptomatic worsening, emergency visits and 
hospitalization were higher in non-smokers with COPD.12,13 However, most of the biomarkers of COPD found so far 
cannot exclude the influence of smoking. Looking for biomarkers in nonsmokers with COPD is of great significance.
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Major human plasma protease inhibitor alpha-2-macroglobulin (A2M) has been thought to be involved in the control of 
lung protease activity.14 A2M attracts active proteases into its snap-trap using a special protease trapping mechanism, protects 
these from possible substrates, and marks their complex for destruction by receptor-mediated endocytosis.15 To reduce the 
lung’s protease load in response to proteinases, alveolar macrophages’ ability to synthesize A2M locally in the lung and 
receptor-mediated phagocytosis of A2M-protease complexes may be crucial. Additionally, as A2M is transformed, it gains the 
ability to bind to growth factors, cytokines, and cellular receptors.16,17 In recent years, it has been proposed that the 
pathogenesis of COPD may be influenced by the degradation of the protease-antiprotease equilibrium. Matrix metalloprotei
nases (MMPs) are indispensable elements of tissue reconstruction, which have an impact on this equilibrium.18,19

Dysregulation of A2M was found in smoking and non-smoking COPD patients compared with normal controls in 
previous studies.14,20 We also reported that A2M levels were reduced in both smoking and non-smoking COPD 
patients,21 suggesting that it may be a potential biomarker of both nonsmoking and smoking COPD.

Emphysema is brought on by MMPs that macrophages release into the environment.22 MMP-9, a member of MMPs 
family, is one of the main proteolytic enzyme produced by AMs from COPD patients but is also secreted by neutrophils, 
epithelial cells, mast cells, and fibroblasts.3 Extracellular matrix (ECM) proteins such as collagen, gelatin, and elastin are 
proteolytically digested by MMP-9, which also activates dormant pro-MMP-9 and pro-MMP-13.23 Alpha 1-antitrypsin 
(AAT), tissue inhibitors of metalloproteinases (TIMPs), and A2M, which can block a variety of serine proteinases and 
MMPs, are the principal serum inhibitors of activated proteinases and quickly inhibit them. Several studies have found 
that the activity of MMP-9 is regulated by A2M.24–27 It is likely that the imbalance between MMP-9 and A2M is 
involved in the occurrence and development of COPD.

COPD pathogenesis may occur when there is an imbalance between proteases and antiproteases as a result of either 
the increased activity of proteases or the malfunction of protease inhibitors.28–30 In this study, we hypothesize that A2M 
may be a promising biomarker of nonsmoking COPD patients and defined the connection between the levels of 
circulating MMP-9, A2M, MMP-9/A2M ratio with the clinical features of COPD, thereby evaluated their value in 
diagnosing COPD and predicting acute exacerbation of COPD.

Methods
Study Design and Subjects
In this study, we collected 35 stable COPD patients, 70 AECOPD patients and 35 gender- and age-matched healthy controls 
from the Department of Respiratory and Critical Care Medicine, Changzhou Second Hospital Affiliated to Nanjing Medical 
University from January 2022 to November 2022. According to the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) guidelines,31 all COPD patients in this study were divided into four groups according to the lung function (I: FEV1 

%pre ≥80%, II: 50%≤ FEV1%pre <80%, III: 30%≤ FEV1%pre <50%, and IV: FEV1%pre <30%). These patients, whose 
imaging findings consistent with COPD, had negative bronchodilation tests and stable airflow limitation with FEV1/FVC 
<70% after inhaled β2-agonist (exclude specific pathologic obstructive diseases such as cystic fibrosis, bronchiolitis 
obliterans, etc.). Participants were excluded if they had bronchiectasis, tuberculosis, asthma, malignancy, or other confound
ing inflammatory diseases, such as arthritis, connective tissue disorders or inflammatory bowel disease. All participants were 
classified into the following three groups, ie, Group I (Stable COPD group): Stability was defined as no COPD exacerbation 
requiring hospitalization, oral corticosteroids, or antibiotics within the previous three months; Group II (AECOPD group): an 
exacerbation was defined as the presence of a rise in any two of the following respiratory symptoms: wheezing, coughing, 
purulent sputum, symptoms of the common cold, for at least two days straight; Group III (Healthy control group): normal 
FEV1%pre >70% and no medical history of lung disease. Those who had smoked at least 100 cigarettes in their lives and 
either continued to smoke or had quit within the previous year were considered current smokers. The amount of smoking 
among current smokers was determined on a pack-year basis (PYs). “Never smokers” were defined as those who had smoked 
fewer than 100 cigarettes, including those who had never smoked. Current nonsmokers and tobacco smokers were divided 
into Healthy-Nonsmoking (Healthy-NS), Healthy-Smoking (Healthy-S), COPD-Smoking (COPD-S), and COPD- 
Nonsmoking (COPD-NS). Infection was defined as increased cough and sputum production, increasing dyspnea, pyrexia, 
and a positive bacterial culture from their sputum. At clinic visit, height, weight, fraction of exhaled nitric oxide (FeNO) and 
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concentration of alveolar nitric oxide (CaNO), and lung function were measured, and blood was sampled. All participants 
provided written informed consent, and the study was approved by the Ethics Committee of Changzhou Second People’s 
Hospital (2022KY113-01).

Measurements of Pulmonary Function
Pulmonary function was performed according to the 2019 spirometry standards.32 In brief, a spirometer (Jaeger, Baglia, 
Germany) was used to record the results of pulmonary function tests while the patient was sitting. Volume and flow 
curves were continuously observed throughout the test. FVC, FEV1, and FEV1/FVC, among other pulmonary function 
test parameters, were measured, and the anticipated values were computed. Three appropriate measurements were 
recorded, the highest being considered the base value, and the difference between the best and second-best values of 
FVC and FEV1 was less than 0.10 L.

FeNO and CaNO Measurements
All patients performed conventional FeNO and CaNO measurements (Sunvou, Wuxi, China) under control of feedback 
signals. This was done before bronchial provocation and body plethysmography since the breathing maneuvers required 
could alter the results of the FeNO test.

Measurements of A2M and MMP-9
Total concentrations of A2M and MMP-9 in the plasma samples were measured by using enzyme-linked immunosorbent 
assay (ELISA) kits (Meibiao, Jiangsu, China) according to the manufacturer’s instructions. Absorbance values for the 
standards and samples were obtained at 450 nm and the standard curves constructed for each assay were compared and 
used to minimize inter-assay variation. To avoid any bias, all samples were analyzed blindly.

Statistical Analysis
Statistical software SPSS 21.0 was used for analysis. The image was drawn by GraphPad Prism 7. Kolmogorov–Smirnov test 
was used to test the normality of measurement data. Measurement data conforming to normal distribution were expressed as 
mean ± standard error of the mean (SEM), measurement data not conforming to normal distribution were expressed as median 
(quartile), and categorical variable data were expressed as proportion. Dichotomous variables were analyzed using Pearson’s χ2, 
and T-test (normally distributed data) or Mann–Whitney U-test (non-normally distributed data) was used for continuous 
variables. Pearson correlation analysis (normally distributed data) or Spearman rank correlation analysis (non-normally 
distributed data) was used for correlation analysis. The receiver operating characteristic (ROC) curve was used to determine 
the sensitivity and specificity of diagnosis, and the area under the curve (AUC) was used to determine the diagnostic effect. 
A P-value <0.05 was considered significant.

Results
The Overall Characteristics of the Groups
The overall characteristics of the groups are summarized in Table 1. As shown in Table 1, there were no significant 
differences in gender, age, body mass index (BMI) and smoking history between healthy control and patients with stable 
COPD (S-COPD). S-COPD patients had lower FEV1/FVC and FEV1%. However, FeNO and CaNO were higher in stable 
COPD patients when compared with the control groups.

A2M, MMP-9 in Plasma of Stable COPD Patients and Healthy Controls
The groups’ levels of protease-antiprotease are displayed in Figure 1. Peripheral blood A2M concentration was decreased 
(P < 0.0001) (Figure 1A) and MMP-9 concentration was elevated (P < 0.0001) in S-COPD compared with the control 
groups (Figure 1B). Pearson correlation analysis showed that A2M level in plasma of COPD patients was negatively 
correlated with MMP-9 (r=−0.726, P < 0.0001) (Figure 1C). A higher MMP-9/A2M ratio was found in S-COPD patients 
compared with the control groups (P < 0.0001) (Figure 1D).
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A2M, MMP9 and Stable COPD Indexes, Lung Function
Correlation between A2M, MMP-9, A2M/MMP-9 and clinical indexes of S-COPD patients were presented in Table 2. 
Plasma A2M level of S-COPD patients was positively correlated with FEV1%pre and FEV1/FVC, but negatively 
correlated with CAT score and mMRC score. MMP-9 level and MMP-9/A2M were negatively correlated with FEV1% 
pre and FEV1/FVC, but positively correlated with CAT score and mMRC score.

A2M, MMP9 and Smoking Status
A lower A2M concentration was found in COPD-NS compared with Healthy-NS (P < 0.01), which was also found in 
COPD-S compared with Healthy-S (P < 0.01). Moreover, there was no statistically significant difference in plasma A2M 
between Healthy-NS and Healthy-S. Also, no statistically significant difference was found in plasma A2M between 
COPD-NS and COPD-S (Figure 2A), which meant A2M expression level was unaffected by smoking. Plasma MMP-9 
concentration was increased in Healthy-S compared with Healthy-NS. Also, when we compared COPD-NS with COPD- 
S, higher concentrations of MMP-9 were found in COPD-S (Figure 2B).

Diagnostic Effect of A2M and A2M/MMP-9 in Stable COPD
Receiver operating characteristic curve (ROC) analysis was used to assess the value of A2M and MMP-9/A2M as COPD 
biomarker (Figure 3A and B). When the cut-off value was 5.49, the sensitivity of A2M as a biomarker for COPD was 
0.8571, the specificity was 0.6, and the AUC was 0.7669 (95% CI = 0.6569–0.877, P < 0.0001), which has the best 
diagnostic value as a biomarker for COPD. When the cut-off value was 6.418, the sensitivity of MMP-9/A2M as 
a biomarker for COPD was 0.7429, the specificity was 0.8, and the AUC was 0.84 (95% CI = 0.7495–0.9305, P < 
0.0001), which has higher diagnostic value as a biomarker for stable COPD than A2M.

A2M, MMP9 and Acute Exacerbation of COPD
As shown in Table 1, there was no significant difference in gender, age, BMI, smoking between patients with S-COPD 
and AECOPD. The level of MMP-9 in plasma of AECOPD patients was significantly higher than that of patients with 
S-COPD (P < 0.0001) (Figure 4A). When the cut-off value was 42.69, the sensitivity of MMP-9 to AECOPD progression 
was 91.43% and the specificity was 85.71% (Figure 4B). However, there were no significant differences of plasma A2M 
levels between AECOPD and stable COPD (Figure 4C).

Table 1 Characteristics of Study Population

Variable Healthy (n=35) S-COPD (n=35) AE-COPD (n=35) P value

Gender (female/male) 7/28 5/30 6/29 0.818
Age (years) 65.49±6.14 67.20±9.18 68.06±7.60 0.371

BMI (kg/m2) 25.57±3.31 24.12±3.20 23.70±3.85 0.065

Smoking history (no/yes) 14/21 12/23 11/24 0.747
FEV1/FVC 82.68±6.02 49.20±13.44 39.46±10.62 <0.001

FEV1%pre 98.56±16.73 53.18±17.78 38.53±11.70 <0.001

GOLD Stage
1 4

2 16
3 13

4 2

mMRC 1.63±1.17
CAT 18.91±7.51

FeNO (ppb) 18.26±7.24 23.37±10.68 0.039#

CaNO (ppb) 2.52±0.90 6.55±3.19 <0.001#

Notes: Data were presented as mean ± SEM. #Healthy VS S-COPD. 
Abbreviations: S-COPD, stable COPD; AECOPD, acute exacerbating COPD; BMI, body mass index; FEV1, forced expiratory 
volume in one second; FVC, forced vital capacity; mMRC, modified British Medical Research Council; CAT, COPD assessment 
test; FeNO, fraction of exhaled nitric oxide; CaNO, concentration of alveolar nitric oxide.
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A2M and Infection
As we know, infection is one of the main causes of AECOPD.33 Burnett et al34 found that bacterial or viral infections 
were associated with changes in the levels of A2M of patients with stable or AECOPD. In order to explore whether 
plasma A2M levels were affected by infection during acute exacerbation of COPD, we further expanded the sample size, 
and 70 AECOPD patients were divided into infected groups and non-infected groups. The overall characteristics of non- 
infection acute exacerbating COPD (NI-AECOPD) and infection acute exacerbating COPD (I-AECOPD) are summar
ized in Table 3. Clinical characteristics of patients with NI-AECOPD and I-AECOPD were similar. Our results showed 
that the plasma A2M level in the infected group was significantly higher than that in the non-infected group (Figure 5), 
indicating that the increase of plasma A2M in COPD patients during acute exacerbation was associated with infection.

Table 2 Correlation Between A2M, MMP-9, MMP-9/A2M and Clinical and Lung Function Indexes of Stable 
COPD Patients

CAT Score mMRC Score FeNO CaNO FEV1%pre FEV1/FVC

A2M r −0.847 −0.809 −0.002 0.084 0.805 0.505
P 0.000 0.000 0.989 0.749 0.000 0.002

MMP-9 r 0.521 0.562 0.183 0.011 −0.487 −0.345

P 0.001 0.000 0.316 0.966 0.003 0.043
MMP-9/A2M r 0.604 0.634 0.120 −0.025 −0.561 −0.390

P 0.000 0.000 0.514 0.924 0.000 0.021

Abbreviations: A2M, α 2 macroglobulin; MMP-9, Matrix metalloproteinase-9; mMRC, modified British Medical Research Council; CAT, 
COPD assessment test; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; FeNO, fraction of exhaled nitric oxide; 
CaNO, concentration of alveolar nitric oxide.

Figure 1 (A and B) Expression levels of A2M and MMP-9 in plasma between stable COPD patients and healthy group by ELISA were measurement. (C) Pearson’s 
correlation analysis was employed to reveal the relationship between A2M and MMP9. (D) MMP-9/A2M ratio in stable COPD patients compared with the control groups. 
Differences between the groups were assessed by two-sample independent Student’s t-test analysis. ****P < 0.0001.

International Journal of Chronic Obstructive Pulmonary Disease 2023:18                                                https://doi.org/10.2147/COPD.S407491                                                                                                                                                                                                                       

DovePress                                                                                                                         
687

Dovepress                                                                                                                                                             Xiao et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 2 (A and B) Expression levels of A2M and MMP-9 between healthy nonsmoking group, healthy smoking group, COPD nonsmoking group and COPD smoking group. 
Differences between the groups were assessed by one-way analysis of variance. NS: no significant (P > 0.05), *P < 0.05.

Figure 3 (A and B) Performances of A2M and MMP-9/A2M in the diagnosis of COPD.

Figure 4 (A) Expression levels of MMP-9 between stable COPD group and AECOPD group. (B) Value of MMP-9 in predicting acute exacerbation of COPD. (C) Based on 
two-sample independent Student’s t-test analysis, expression levels of A2M between stable COPD group and AECOPD group. Differences between the groups were 
assessed by two-sample independent Student’s t-test analysis. NS: no significant (P > 0.05), ****P < 0.0001.
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Discussion
Environmental and genetic variables both have an impact on COPD. It and smoking tobacco have a strong correlation. 
But at least one-fourth of COPD sufferers do not smoke. Only 35% of the population’s attributable risk for COPD is 
linked to tobacco use; the other risks include exposure to ozone, household air pollution, occupational exposures, ambient 
air pollution, and various other risk factors.1,35 An essential part of the development of the disease is played by molecular 
biomarkers that are closely related to the pathogenesis of COPD. Smoking can affect the expression of COPD-related 
genes, which may have a potential impact on these genes as markers. In this study, we identified a potential biomarker, α2 
macroglobulin (A2M), that is not affected by smoking and is associated with the severity of COPD.

Poller et al identified a patient with A2M gene mutation and partial serum A2M deficiency who had an early onset of 
pulmonary disease and rapid progression to extremely severe COPD.14 A2M mRNA was previously discovered to be 
downregulated in the peripheral blood of COPD patients, whether they smoked or not,21 and this finding was further 
supported by the current investigation. In addition, plasma A2M was found to be significantly reduced with increasing 
disease severity based on GOLD stages in COPD patients. A2M is a cytokine transporter and protease inhibitor.36 It 
inhibits a broad spectrum of proteases through bait-and-trap mechanisms. In recent years, protease-antiprotease imbal
ance has been proposed to be involved in the etiology of COPD, and proteolytic biomarkers were identified to be 
connected with the prognosis of COPD in a population-based investigation.37

Arbeláez et al24 identified the cleavage sites in the “bait” regions following production of high-molecular-weight 
complexes of MMP-9 with the A2M. Ricardo et al26 found that the activity of MMP-9 was regulated by A2M. Serifova 
et al revealed that A2M effectively traps MMP-9.27 Fontana et al found that MMP-9⁄A2M ratios in plasma samples from 

Table 3 Characteristics of AECOPD Patients (with or Without Infection)

Variable NI-AECOPD (n=35) I-AECOPD (n=35) Statistic P value

Gender (female/male) 7/28 6/29 χ2=0.094 0.759
Age (years) 73.97±9.07 71.14±10.17 t=1.228 0.224

BMI (kg/m2) 23.33±4.16 22.45±3.88 t=0.916 0.363

Smoking history (no/yes) 11/24 11/24 χ2=0.000 1.000
FEV1/FVC 43.48±11.47 49.71±20.21 t=−1.324 0.194

FEV1%pre 41.30±16.34 46.32±19.52 t=−0.990 0.327

Note: Data were presented as mean ± SEM. 
Abbreviations: NI-AECOPD, Non-infection acute exacerbating COPD; I-AECOPD, infection acute exacerbating COPD; 
BMI, body mass index; FEV1, forced expiratory volume in one second; FVC, forced vital capacity.

Figure 5 Expression levels of A2M between non-infection AECOPD group and infection AECOPD group. Differences between the groups were assessed by two-sample 
independent Student’s t-test analysis. ****P < 0.0001.
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hypertensives were higher than those from healthy controls.38 MMP-9, a prominent protease in alveolar tissue, which has 
a substantial positive correlation with the level of inflammatory metalloproteinase cell infiltration in COPD patients.39 

Patients with COPD were shown to have greater peripheral blood levels of MMP-9.40 Uysal et al found that higher 
plasma MMP-9 levels correlated with disease severity, with the highest concentrations in patients with emphysema.41

In our study, it was discovered that controls had lower plasma MMP-9 concentrations, which rose as the condition got 
worse. The proportional decrease in the production of TIMP-1, the specific endogenous inhibitor of MMP-9, could be the 
cause of the elevated MMP-9. Evidence suggests that TIMP-1 inhibits MMP-9 in both its active and precursor forms, and 
that an imbalance in the MMP-9/TIMP-1 ratio may contribute to the pathophysiology of COPD.42–44 Smokers with 
airway hyperresponsiveness have higher levels of MMP-9/TIMP-1.45 However, the expression level of TIMP-1 is 
affected by smoking, COPD patients and smokers had lower levels of TIMP-1 expression than that of 
nonsmokers,46,47 suggesting that the decrease in TIMP-1 may be caused by smoking. Here, we identified 
a metalloproteinase inhibitor, α2 macroglobulin (A2M), that was not affected by smoking, suggesting its potential role 
as a biomarker for COPD.

In our study, there was no statistically significant difference in the amount of A2M expression between smokers with 
retained lung function and nonsmokers. Patients with COPD often experience higher disrupted protease-imbalance along 
with impaired pulmonary function. MMP-9/A2M was found to have an inverse relationship with changes in FEV1%pre 
and FEV1/FVC in COPD patients, which may help determine the severity of the disease and the prognosis of the patient. 
We also found a significantly negative correlation between A2M levels and CAT score and mMRC dyspnea score. 
Considering A2M anti-inflammatory role reported by various studies, its reduction may be somewhat consistent with the 
reduction in the physical activity of patients with COPD and reflect the effects of systemic inflammation on the quality of 
life in these patients. In addition, A2M has no correlation with FeNO and CaNO, this suggests that A2M may be involved 
in the systemic pathogenesis of COPD rather than local airway inflammation.

However, the present results contrast with a previous study reporting A2M was upregulated in COPD.48 We 
considered that the study did not exclude the influence of infectious factors on A2M level. Burnett et al34 reported 
that concentrations of A2M in infected samples were significantly higher than in the non-infected samples. Therefore, at 
variance with previous studies, airway infection was systemically excluded because it enhances lung inflammation.

Some limitations of our study should be considered. First, the study population was relatively small, a larger size 
study with a robust design is needed to confirm these results. Second, patients with asthma-COPD overlap syndrome 
(ACOS) may not be completely excluded, since high FeNO levels were found in part of participants. Third, only 
expression of A2M and MMP9 was analyzed, not activity. In addition, we only measured plasma A2M and MMP9; A2M 
and MMP9 in sputum and bronchoalveolar lavage (BAL) specimens need further study. There are many other protease- 
antiprotease components such as MMP-9/TIMP-1, and their role in COPD need further exploration. Genetic and 
mechanistic studies are required in the future.

The data presented in this study indicate that COPD patients’ altered expression of A2M is correlated with severity 
and infection. Moreover, there was no significant correlation between the change in A2M and smoking, FeNO and 
CaNO, suggesting that A2M may reflect the overall rather than local inflammation in COPD patients and serve as 
a potential biomarker for nonsmoking COPD patients. A2M has potential value in diagnosing COPD patients with or 
without smoking and may be an indicator to determine whether AECOPD patients have infection.
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