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Abstract. – OBJECTIVE: Inflammatory reac-
tions and imbalance of oxidant/antioxidant and 
protease/anti-protease are the major causes of 
chronic obstructive pulmonary disease. Based 
on the information mentioned, the expressions 
and significance of adiponectin (APN), D-di-
mer (DD), Interleukin (IL)-17, and high-sensitivity 
CRP (hs-CRP) in patients with acute exacerba-
tion of chronic obstructive pulmonary disease 
were investigated in this study.

PATIENTS AND METHODS: A total of 70 pa-
tients with chronic obstructive pulmonary dis-
ease were enrolled and divided into stable 
group (group A, 28 cases) and acute exacer-
bation group (group B, 42 cases). Thirty-five 
healthy volunteers were included in the con-
trol group (group C, 35 cases). The levels of se-
rum APN, IL- 17, D-D, and hs-CRP were tested 
and compared

RESULTS: Levels of APN from Group B were 
significantly lower than that of Group A or Group 
C, while levels of APN of Group A were also sig-
nificantly lower than that of Group C, (p < 0.05). 
Levels of IL-17, D-D, and Hs-CRP of group b 
were significantly increased compared to that of 
Group A or Group C, and levels of IL-17, D-D, and 
Hs-CRP of Group A were significantly elevated 
compared to that of Group C (p < 0.05). A neg-
ative statistical correlation was found between 
APN and IL-17, D-D, and Hs-CRP (p < 0.05).

CONCLUSIONS: Levels of APN were down-
regulated in patients with acute exacerbation of 
chronic obstructive pulmonary disease. The ex-
pression levels of APN, IL-17, D-D, and Hs-CRP 
were closely correlated with clinical stages and 
can be used as parameters for the evaluation of 
the severity of chronic obstructive pulmonary 
disease.
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Introduction

Chronic obstructive pulmonary disease 
(COPD) represents a type of devastating chronic 
airway inflammatory disease which is currently 
preventable and treatable. However, the preva-
lence and mortality of COPD remain high, lead-
ing to a greater economic burden1,2. Basically, 
COPD is a progressive, abnormal inflammatory 
response of the lung to noxious particles or gases. 
Although COPD is an airway disease, it also af-
fects the patient’s physical and mental health and 
the impact of COPD on another system cannot be 
ignored3,4. Drug treatment can only relieve clin-
ical symptoms of patients with COPD5,6. There-
fore, the pathogenesis of the disease and its risk 
factors are of great clinical significance and can 
provide a theoretical reference for the prevention 
and treatment of COPD. In this study, 70 patients 
with COPD and 35 healthy control were included, 
while the expressions and clinical significance of 
Adiponectin (APN), D-dimer (DD), Interleukin 
(IL)-17, and high-sensitivity CRP (hs-CRP) in 
patients with acute exacerbation of COPD were 
investigated. 

Patients and Methods

Patients
A total of 28 patients with stable COPD from 

January 2016 to January 2017 were included 
in group A. Another 42 patients with acute 
exacerbation of COPD from January 2016 to 
January 2017 were included in group B. Thir-
ty-five healthy volunteers were included as 
controls (Group C). Inclusion criteria are as 
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follows: (1) willing to accept the spirometry 
and bronchial challenge test; (2) sign written 
informed consent; (3) approved by the Medical 
Ethics Committee. Exclusion criteria: (1) suf-
fering from inflammatory diseases; (2) having 
diseases of heart, liver, or other organs import-
ant; (3) taking immunosuppressive drugs; (4) 
patients who are pregnant, breastfeeding or too 
old; (5) having mental diseases; (6) presence of 
communication disorders. No significant dif-
ference was found in gender and age among 
3 groups (p > 0.05). All the participants were 
adequately informed about the details of this 
study and signed the informed consent forms 
prior to the tests. This study strictly adhered to 
the requirements of the Declaration of Helsinki 
and was approved by the Medical Ethics Com-
mittee of Anqing Municipal Hospital (Anqing, 
Anhui, China).

Observation Parameters Levels of APN, 
IL-17, D-D, and hs-CRP for Each Group 
Were Measured and Recorded

Six milliliters of fast blood was drawn from 
the cubital vein for each patient, centrifuged at 
3000 g for 30 min, and kept at -80°C for further 
use. Levels of APN and IL-17 were measured 
using commercial ELISA kits (Shanghai Rui 
Cong Laboratory Equipments, Shanghai Huole 
Biological Technology Co., Shanghai, China). 
The level of D-D was measured using colloidal 
gold kit (Shanghai Aopu Biological Pharmaceu-
tical, Shanghai, China). The level of hs-CRP 
was measured using scattering turbidimetry 
(Toshiba TBA-40 Automatic Biochemical Ana-
lyzer, Minato, Japan).

Statistical Analysis
SPSS19.0 statistical software (IBM Corp., 

IBM SPSS Statistics for Windows, Armonk, NY, 
USA) was used for data analysis. Continuous data 
are presented as means ± standard deviation (SD) 

and were analyzed by using one-way ANOVA, 
with the Tukey’s post hoc test. Receiver oper-
ating characteristic (ROC) curve analysis was 
performed in the comparison between patients 
with stable COPD and with acute exacerbation 
of COPD. p < 0.05 was considered statistically 
significant.

Results

General Information
The general information of 3 groups was 

shown in Table I. In group A, there were 15 males 
and 13 females with an average age of 50.65 ± 
8.19 years and a mean disease duration of 12.68 ± 
4.49 years. In group B, there were 23 males and 
19 females with an average age of 50.47 ± 8.54 
years and a mean disease duration of 13.57 ± 4.72 
years. In group C, there were 21 males and 14 
females with an average age of 50.53 ± 8.25. No 
significant difference was found in age, gender, 
or disease duration (p > 0.05).

Expression levels of APN, IL-17, D-D, 
and hs-CRP

Comparative analysis of the levels of APN, 
IL-17, D-D, and hs-CRP was shown in Table II 
and Figure 1. Of note, the expression of APN of 
group B (6.34 ± 0.53 ng/L) was significantly low-
er than that of group A (8.16 ± 0.54 ng/L), which 
was also significantly lower than that of group 
C (8.99 ± 0.51 ng/L). In contrast, the expression 
levels of IL-17, D-D, and hs-CRP of group B were 
significantly higher than that of group C, which 
were significantly higher than that of group A 
(p < 0.05). ROC curve analysis further indicated 
that APN, IL-17, D-D, and hs-CRP presented 
the potential diagnostic ability to evaluate acute 
exacerbation of COPD, the area under the curve 
(AUC) of which were ranging from 0.758 to 0.885 
(Table III). 

Table I. General information of all patients (x– ± s).

 Group Case Male/female Age (years) Duration (years)

A 28 15/13 50.65 ± 8.19 12.68 ± 4.49
B 42 23/19 50.47 ± 8.54 13.57 ± 4.72
C 35 21/14 50.53 ± 8.25 —
F/t/χ2  0.319 0.039 0.835
p  0.852 0.976 0.738
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Correlation Between APN and 
IL -17, D-D, and hs-CRP 

Statistical analysis results showed that the ex-
pression of APN was negatively correlated with 
the levels of IL -17, D-D, and hs-CRP (p < 0.05) 
(Table IV).

Discussion

The clinical symptoms of patients with acute 
exacerbation of COPD were much more severe 
than that of patients with stable COPD, which 
even lead to the loss of work ability of patients5,6. 
At present, the pathogenesis of COPD has not 
been fully elucidated. Inflammation and imbal-
ance of protease/anti-protease or oxidant/antioxi-
dant are thought to be the main causes7,8. In recent 

years, it has been found that APN has protective 
effects against metabolic syndrome, type 2 diabe-
tes, and coronary atherosclerotic heart disease9,10. 
Therefore, we investigated the role of APN in 
COPD. Results showed that the expression of 
APN patients with acute exacerbation of COPD 
was significantly reduced compared to that of 
patients with stable COPD, which was also sig-
nificantly lower than that of normal control. Sim-
ilarly, using 60 patients with acute exacerbation 
of COPD from January 2010 to July 2010 and 60 
healthy controls, Singh et al7 found that APN level 
was decreased in patients with acute exacerbation 
of COPD and the level of APN was positive-
ly correlated with arterial oxygen pressure but 
negatively correlated with white blood cells and 
CRP. Interestingly, Xi et al8 reported that the lev-
el of APN in patients with acute exacerbation of 

Figure 1. Expression levels of APN, IL-17, D-D, and hs-CRP in the three groups.

★p < 0.05, compared with Group A; ▲p < 0.05, compared with Group B.

Table II. Expression levels of APN, IL-17, D-D, and hs-CRP (x– ± s).

 Group Case APN (ng/L) IL-17 (ng/L) D-D (μg /L) hs-CRP (mg/L)

A 28 8.16 ± 0.54 39.83 ± 15.14 475.64 ± 114.76 15.45 ± 3.59
B 42 6.34 ± 0.53★ 64.95 ± 14.35★ 675.84 ± 122.93★ 24.37 ± 3.86★

C 35 8.99 ± 0.51★▲ 30.81 ± 11.66★▲ 261.26 ± 96.45★▲ 2.58 ± 1.25★▲

F  19.359 25.802 36.956 33.974
p  0.000 0.0000 0.000 0.000
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COPD was higher than that of patients with stable 
COPD. The reasons for the inconsistency might 
be due to the different exclusion and inclusion 
criteria, measurements of APN, duration length 
of acute exacerbation or respiration rates9-11. 

IL-17 can efficiently induce the expression of 
airway mucin 5AC and 5B in airway epithelial 
cells12,13. IL-17 is closely related with patients 
with airway smooth muscle cell proliferation 
in patients with COPD and can stimulate the 
secretion of IL-6 and TNF-α. It further leads 
to hyperplasia of fibrous connective tissue and 
airway smooth muscle which severely affects 
airway remodeling. This study found that levels 
of IL-17 from patients with acute exacerbation 
of COPD was significantly elevated compared 
to that of patients with stable COPD, indicat-
ing that IL-17 played a very important role in 
the development of partially reversible airflow 
limitation and inhibition of IL-17 can be used 
to optimize treatment regimen. It has also been 
reported that IL-17 has an inhibitory effect on 
neutrophils-induced inflammation in patients 
with COPD14.

The previous finding15 showed that there were 
prothrombotic and hypercoagulable states before 
acute exacerbation of COPD. Results from this 
study showed that the level of D-D from patients 
with acute exacerbation of COPD was signifi-
cantly elevated compared to that of patients with 
stable COP. We proposed that the lack of oxygen 
in patients with acute exacerbation of COPD led 
to endothelial damage, increased tissue plasmin-

ogen activator secretion and coagulation factors 
consumption. At the same time, the patients’ 
plasma fibrinogen was significantly increased and 
the fibrinolytic system functioned abnormally, 
leading to the increase of plasma D-D levels. 
These results suggest that, when the level of D-D 
is aberrantly increased, heparin therapy is of 
great significance for the prevention of disease 
progression.

hs-CRP is synthesized by the hepatocytes 
and released into the blood to stimulate the pro-
duction of biologically active substances (e.g., 
endothelin-1, IL-6, etc.) in patients with COPD. 
It further enhances the inflammatory reaction. 
Levels of hs-CRP increase rapidly with inflam-
mation or trauma but reduced quickly if inflam-
mation or trauma is effectively controlled16. The 
level of hs-CRP thus can be applied for the mon-
itoring of patient’s inflammatory response with-
out interference by treatment17. Our research 
showed that levels of hs-CRP from patients with 
acute exacerbation of COPD was significantly 
elevated compared to that of patients with stable 
COP. Consistently, Farrah et al18 showed that 
after treatment, levels of procalcitonin, hs-CRP, 
and D-D were significantly decreased in patients 
with acute exacerbation of COPD. Our finding 
indicates that the combined use of biomark-
ers including APN, IL-17, D-D, and hs-CRP 
facilitates the diagnosis of acute exacerbation 
of COPD, although in-depth evaluation with a 
large amount of samples ought to be conducted 
in the future22.

Table III. ROC analysis on APN, IL-17, D-D, and hs-CRP between patients with stable COPD and with acute exacerbation 
of COPD.

 Variable p-value AUC Sensitivity Specitivity

APN < 0.05 0.821 0.882 0.530
IL-17 < 0.05 0.802 0.834 0.560
D-D < 0.05 0.758 0.841 0.480
hs-CRP < 0.05 0.885 0.909 0.627

Table IV. Correlation between APN and IL -17, D-D, and hs-CRP.

  R p R p R p
 Parameter (acute exacerbation)  (acute exacerbation) (stable) (stable) (controls) (controls)

IL-17 -0.623 0.000 -0.399 0.000 -0.318 0.000
D-D -0.375 0.000 -0.416 0.000 -0.663 0.000
hs-CRP -0.382 0.000 -0.335 0.000 -0.292 0.000
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Conclusions

We demonstrated that the level of APN was 
significantly decreased in patients with acute 
exacerbation of COPD, with an increase of IL-17, 
D-D, and hs-CRP. Levels of APN, IL-17, D-D, 
and hs-CRP are closely related with the stage of 
COPD and can be used as indicators to evaluate 
the severity of COPD in clinic.
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