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Abstract: Background and aim: Our study is aimed at clarifying the interrelationship among PCT, CRP, Ang-2 and 
SGRQ in post-treatment patients with AECOPD. This study also confirmed that whether or not PCT, CRP, Ang-2 and 
SGRQ are appropriate biomarkers for assessing the efficacy of AECOPD treatments. Material and methods: The 
case group incorporated 88 patients with AECOPD and another 40 patients with stable-stage COPD admitted in our 
hospital during the period between April 2015 and October 2015. We also recruited a total of 50 healthy individu-
als as the control group in order to carry out this case-control study. All patients in the case group have received 
conventional symptomatic treatments. Serum samples were collected from all study subjects for detecting PCR, 
CRP and Ang-2 expressions. Meanwhile, the Saint George’s respiratory questionnaire was specifically designed to 
assess and quantify the health status and life wellbeing of all individuals who participated in this study. Statistical 
analysis was carried out using the SPSS 19.0 statistical software. Results: PCT, CRP and Ang-2 expression levels 
were all increased in COPD patients compared to normal people. Furthermore, PCT, CRP and Ang-2 expression 
levels in AECOPD patients were much higher than those in stable-stage COPD patients (all P < 0.05). PCT, CRP and 
Ang-2 expression levels in the better group appeared to be gradually decreased as time of treatment increased. By 
contrast, Ang-2, PCT and CRP expression levels were increased in the worse group as time of treatment increased 
(all P < 0.05). Results from statistical analysis indicated that both CRP and PCT expression levels were positively 
correlated with Ang-2 expression. As suggested by correlation analysis, PCT, CRP and Ang-2 expression levels were 
closely related to the health status and wellbeing of patients with AECOPD. Conclusion: Serum PCT, CRP and Ang-2 
are effective biomarkers of acute exacerbated COPD and they can be used to determine the severity of COPD as well 
as the effectiveness of treatments on AECOPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) 
was a major global health issue characterized 
by progressive irreversible airflow obstruction 
which is typically caused by smoking and con-
tinuous exposure to indoor biomass fuels [1, 2]. 
COPD is usually presented with the onset of 
chronic respiratory symptoms and exercise lim-
itation which may trigger undesirable effects 
on health status and exacerbate over the short, 
medium and long-term [3, 4]. Recently, both the 
morbidity and mortality of COPD were steadily 
rising and COPD has been ranked as the most 
life-threatening chronic disease over the world 
[5, 6]. Acute exacerbation of COPD (AECOPD) is 

presented if symptoms of COPD patients includ-
ing cough and shortness of breath exacerba-
tion, increased sputum volume and purulent 
sputum were progressed to severe fever and 
inflammation which may have substantially 
negative impact on lung function and wellbeing 
of patients [7]. Several risk factors for COPD 
have been identified and respiratory infections, 
particularly bacterial infection is the most criti-
cal one. Antibiotics are often used to relieve 
symptoms, shorten the duration of AECOPD 
and reduce airway bacterial load in patients 
with COPD caused by bacterial infection [8]. As 
a result, it is worthwhile to discover other indi-
cators for early detection and diagnosis of 
COPD.
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Procalcitonin (PCT), a propeptide of calcitonin, 
is a glycoprotein without hormone activity [9]. 
PCT expression synthesized and secreted from 
liver macrophages, lung lymphocytes and endo-
crine cells was significantly increased when 
infections occur. However, autoimmune inflam-
mation or virus infection is not able to elevate 
PCT expression. Thus, PCT was considered to 
be a valuable marker for detecting inflamma-
tion [10]. Meanwhile, plasma CRP exhibited a 
sharp rise in acute phase when tissue injury 
and infection occurred. As a non-specific in- 
flammatory marker, CRP is able to activate  
and strengthen the role of phagocytic cells. 
Moreover, CRP concentration was closely cor-
related with infection degree and it offers 
greater sensitivity than white blood cells with 
respect to neutrophil count, erythrocyte sedi-
mentation rate and temperature. Apart from 
that, hormones, immunosuppressive agents or 
an anti-inflammatory drug is not able to affect 
CRP concentration [11]. Formal studies have 
suggested that serum hs-CRP concentration in 
patients with AECOPD was related to infection 
severity [12]. Ang-2 is an endothelial cell-specif-
ic angiogenic factor and it is able to combine 
with the endothelial-specific receptor tyrosine 
kinase Tie-2 for triggering the degradation of 
vascular basement membrane and loss of en- 
dothelial cell homeostasis. Furthermore, Ang-2 
plays an important role in pathological angio-
genesis by increasing vascular leakage, induc-
ing endothelial cell division and forming new 
blood vessels in a non-sprouting style [13]. 
Ang-2 was mainly expressed in vascular endo-
thelial cells and stored in Weibel-Palade bodies 
(WPB). Ang-2 expression is increased and 
released from WPB in the case of inflammation, 
ischemia, hypoxia and other unusual circum-
stances [13]. Therefore, the above molecules 
might be used as predictive markers for detect-
ing patients with AECOPD.

Clinical indicators such as lung function are dif-
ficult to be comprehensively evaluated due to 
different physical, emotional and social status 
of patients. Life wellbeing status is a compre-
hensive assessment index which thoroughly 
reflects patients’ physiological function, mental 
health and other health status with a high sen-
sitivity [14]. Currently, SGRQ is the most widely 
accepted questionnaire for assessing health 
status of respiratory disease and it has become 
extremely popular for quantifying and evaluat-
ing patients’ wellbeing. Scores of SGRO not 

only provide reliable information for lung func-
tion and clinical symptoms but also are superi-
or over other respiratory questionnaires [15]. 
Therefore, SGRO is a desirable criterion for 
evaluating treatment efficacy as well as health 
status and life wellbeing of patients with COPD.

However, how the interrelationship among PCT, 
CRP and Ang-2 influences the health status and 
life quality of patients with AECOPD is still 
unknown. As a result, this case-control study 
may address this issue and clarify the prognos-
tic value of PCT, CRP and Ang-2 in AECOPD.

Materials and methods

Study objects

A total of 128 patients with chronic pulmonary 
obstruction disease (CODP) were recruited 
from the China-Japan Union Hospital of Jilin 
University from April 2015 to October 2015. 
The case group included 82 males and 46 
females. As suggested by clinical conditions, 
CODP patients were divided into 2 groups: 
AECOPD group (88 acute exacerbation COPD 
patients) and stable COPD group (40 stable-
stage COPD patients). In addition, we also re- 
cruited 50 healthy people as the control group 
(23 males, 27 females). All patients received 
conventional symptomatic treatments such  
as oxygen, anti-infection, reduce phlegm and 
smooth wheezing after admission. Patients 
with respiratory disease, systemic inflamma- 
tory disease or history of allergies were exclud-
ed from this study. All subjects agreed to  
participate in this study and signed a written 
consent form. This study was unanimously 
approved by the ethics committee of China-
Japan Union Hospital of Jilin University.

Collection of patient general information

Patient information such as such as age, sex, 
clinical symptoms, health status and wellbeing 
were recorded before and after the treatment.

Blood samples collection

Normal physical examinations were conducted 
for all patients and 5 mL venous blood samples 
were collected. Then samples were performed 
with water bath for 30 min and centrifugal sep-
aration of serum was carried out with 3000 r/
min in 15 min. In addition, 5 ml venous blood 
were collected again from patients in 1, 3, 7 
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days after treatment. After that, all blood sam-
ples were added into ethylenediaminetet-
raacetic acid (EDTA) anticoagulant tubes and 
centrifugal separation was conducted with 
speed of 1000 * g for 15 min. Then superna-
tant were stored at in a -70°C refrigerator for 
further experiments.

Detection of PCT, CRP and ANG-2 expressions

Electrochemiluminescence immunoassay (Ro- 
che cobase 411 electrochemical luminescen- 
ce analyzer and reagent) was performed to 
detect PCT expression extracted from the 
serum of patients with a normal value of 0~0.5 
ng/ml. Double optical path immune turbidity 
analyzer together with other related reagents 
were used to detect the expression level of  
CRP with a range of 0~10 mg/L. Double anti-
body sandwich enzyme-linked immunosorbent 
assay (ELISA) was developed for determining 
Ang-2 expression level in plasma and the oper-
ation was strictly complied with the specified 
instruction. The experiment Kit was provided by 
Beijing Branch Surplus Technology Co., LTD and 
all specimens were performed by the same 
experienced researcher.

Life wellbeing assessment

Saint George’s respiratory questionnaire (SG- 
RQ) was submitted for self-assessment of he- 

sults from previous research, experience and 
different statistical weighting approaches. If a 
specific question significantly affects life well-
being of patients, then it will be assigned to a 
larger weight. Finally, scores from the three 
major parts were combined in order to obtain 
the final score. A score of 0 indicates that the 
disease does not have any effect on health sta-
tus and life wellbeing of subjects whereas a 
score of 100 suggests that the disease have 
extremely significant impact on the life wellbe-
ing of subjects. Moreover, SGRQ was answered 
with the following requirements: 1) All ques-
tions should be answered by patients them-
selves without any discussion with their fami-
lies. 2) Doctors should not explain or interpret 
questions which are not understood by patients 
and patients should carefully answer all ques-
tions. 3) Physicians were responsible for check-
ing all questions in order to make sure that all 
questions have been answered once patients 
completed their own SGRQ.

All questions of SGRQ were answered within 30 
minutes and statistical software was used for 
score evaluations.

Grouping decision criteria

Patients with significantly reduced cough, less 
phlegm and fewer asthma symptoms were 
defined as the better group. Also, improved uri-

Table 1. Basic information of individuals in AECOPD group, Stable 
COPD group and Control group

Group AECOPD  
(n = 88)

Stable COPD 
(n = 40)

Control  
(n = 50)

Test  
value

P 
value

Age 70.66±8.20 68.64±6.09 67.88±7.26 F = 2.464 0.088
Gender
    Male 55 27 23 X2 = 5.312 0.076
    Female 33 13 27
F: Test value of One-way ANOVA test; X2: Test value of Chi-square test.

Table 2. The expression level of PCT, CRP and Ang-2 of patients in 
three groups with SGRQ score before radiotherapy
Group No PCT (μg/L) CRP (mg/L) Ang-2 (ng/L) SGRQ score
AECOPD 88 30.18±3.87 29.17±10.47 144.74±22.88 69.78±10.37
Stable COPD 40 14.40±1.08 9.00±3.98 83.56±30.77 43.22±9.85
Control 50 0.33±0.16 2.94±1.08 70.61±20.16 6.45±2.39
H value 1891 218.2 181.0 836.4
P value < 0.001* < 0.001* < 0.001* < 0.001*
*: P < 0.05.

alth status on the same 
day when blood samples 
were collected. SGRQ in- 
cluded 50 questions whi- 
ch were divided into three 
main areas: respiratory sy- 
mptoms (cough, sputum, 
asthma attacks, etc.), ac- 
tivity limitations (climbing, 
dressing, games, house-
hold, etc.) and the disease 
effect (insecurity, anxiety, 
pain, disappointment, etc.). 
Scores of SGRQ range 
from 0 to 100 and low- 
er SGRQ scores indicate 
more effectiveness of the 
SOPD treatment. The cal-
culation of SGRQ scores 
was based on the weight-
ed average method and 
each question of SGRQ 
was evaluated using re- 
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nalysis performance in the better group was 
reflected by reduced lung sound of patients. If 
cough, phlegm or asthma symptoms were not 
significantly reduced after treatment, then pa- 
tients were included in the worse group in which 
subjects exhibited worse urinalysis which was 
characterized by insignificant reduction of lung 
sound.

Statistical analysis

SPSS19.0 statistical software was used for sta-
tistical analysis throughout the entire study. 
Counted data were expressed in the number of 
cases, while measurement data were ex- 
pressed with mean ± standard deviation. 
Difference in continuous variables between 
two groups was evaluated using the t-test 
whereas difference in continuous variables 
among more than 2 groups was analyzed using 
the one-way analysis of variance (one-way 

ANOVA). Counted or categorical variables were 
analyzed using the chi-square test. Besides 
that, correlation analysis was carried out to 
determine whether or not there was a signifi-
cant correlation between two continuous vari-
ables. Two-sided P < 0.05 provided evidence of 
statistical significance for all statistical tests.

Results

Demographic features of subjects in the 
AECOPD, stable SOPD and control group

As shown in Table 1, AECOPD group incorpo-
rated a total of 88 cases (55 males and 33 
females) with an average age of 70.68±8.20 
and a range between 50 and 90 years old. The 
stable COPD group included 40 patients (27 
males and 13 females) with a mean age of 
68.64±6.09 years and range between 50 and 
90 years. Another 50 healthy subjects were 

Figure 2. The expression level of CRP in the serum 
of individuals. AECOPD: patients with AECOPD. Sta-
ble COPD: COPD patients in stable stage. Controls: 
healthy people without COPD.

Figure 3. The expression level of Ang-2 in the serum 
of individuals. AECOPD: patients with AECOPD. Sta-
ble COPD: COPD patients in stable stage. Controls: 
healthy people without COPD.

Figure 1. The expression level of PCT in the serum 
of individuals. AECOPD: patients with AECOPD. Sta-
ble COPD: COPD patients in stable stage. Controls: 
healthy people without COPD.

Figure 4. The SGRQ score of people in this study. 
AECOPD: patients with AECOPD. Stable COPD: COPD 
patients in stable stage. Controls: healthy people 
without COPD.
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included in the control group (23 males and 27 
females) with a mean age of 67.88 ± 7.26 years 
and range between 50 and 90 years. As sug-
gested by statistical analysis, there was no sig-
nificant difference in age or sex among the 
AECOPD, stable COPD and control group (P > 
0.05).

Association between pre-treatment expression 
of PCT/CRP/Ang-2 and life wellbeing status

As suggested by Table 2, PCT expression in 
AECODP patients was greatly higher than that 
of stable COPD patients (P < 0.05); while sub-
jects in the control group exhibited a lower 
serum PCT level compared with AECOPD pa- 
tients (P < 0.05) (Figure 1). Furthermore, CRP 
expression level of subjects in the control 
group was significantly lower than that of 
patients in the stable COPD group (P < 0.05). 
Stable COPD patients exhibited notably low- 
er CRP expression level compared with AECOPD 
patients (P < 0.05) (Figure 2). In addition, sub-
jects in the control group exhibited significantly 
lower Ang-2 expression level compared with 
patients in the AECOPD group (P < 0.05) and 
stable COPD patients exhibited lower Ang-2 
expression level compared with AECOPD pa- 
tients (P < 0.05) (Table 2). Also, Ang-2 expre- 
ssion in healthy individuals was significantly 
reduced compared with the stable COPD group 
(P < 0.05) (Figure 3). More importantly, sub-
jects in the AECOPD group exhibited the high-
est SGRQ score in comparison to other two 
groups (all P < 0.05) and stable COPD patients 
had significantly higher SGRQ scores compared 
with healthy individuals (Figure 4). The detailed 
evaluation of health status and life wellbeing of 
subjects by SGRQ was presented in Table 2.

Association between post-treatment expres-
sion of PCT/CRP/Ang-2 and life wellbeing 
status

PCT, CRP, Ang-2 expression levels and SGRQ 
scores in the better group (n = 61) were all 
decreased as the treatment time extended and 
these figures significantly differed on day 1, 3 
and 7 (P < 0.05) (Table 3). By contrast, subjects 
in the worse group (n = 21) exhibited remark-
able increase in various effectiveness and 
health status indicators as time of treatment 
extended. Moreover, there was no significant 
difference in PCT and CRP expressions between 
different days during the treatment period (P > 
0.05) whereas differences in Ang-2 and SGRQ 
among day 1, 3 and 7 over the treatment peri-
od appeared to be significant (P < 0.05).

Correlation analysis among PCT, CRP and Ang-
2 expressions in patients with AECOPD

As suggested by correlation analysis among 
PCT, CRP and Ang-2 expression levels, serum 
level of CRP in patients with AECOPD was posi-
tively correlated with that of Ang-2 (r = 0.619, P 
< 0.001) (Figure 5); serum level of PCT was also 
positively correlated with that of Ang-2 (r = 
0.669, P < 0.001) (Figure 6).

PCT, CRP and Ang-2 expressions were associ-
ated with life wellbeing of AECOPD patients

As shown in Table 4, the estimated correlation 
coefficient between PCT expression level and 
SGRQ score was 0.618 in AECOPD patients.  
In addition, the estimated correlation coeffi-
cient between CRP/Ang-2 expression level and 
SGRQ score was 0.641 and 0.641, respective-
ly. Therefore, we concluded that PCT, CRP and 

Table 3. The expression level of PCT, CRP and Ang-2 with SGRQ score of individuals in different 
groups after treatment
Index Group Day 1 Day 3 Day 7 PD3-D1 PD7-D3

PCT (μg/L) Better (n = 61) 2.73±1.33 1.68±0.86 0.32±0.14 < 0.001* < 0.001*
Worse (n = 27) 2.73±1.34 4.78±3.21 6.87±5.13 0.035* 0.080

CRP (mg/L) Better (n = 61) 13.79±6.96 9.31±4.01 3.21±1.71 < 0.001* < 0.001*
Worse (n = 27) 13.98±6.78 19.63±13.05 25.76±16.07 0.051 0.130

Ang-2 (ng/L) Better (n = 61) 287.60±18.35 247.63±13.44 187.50±12.34 < 0.001* < 0.001*
Worse (n = 27) 287.60±18.46 344.8±20.61 468.60±25.47 < 0.001* < 0.001*

SGRQ Better (n = 61) 67.48±6.69 48.37±9.31 32.64±12.07 < 0.001* < 0.001*
Worse (n = 27) 67.48±6.73 114.87±18.20 135.79±20.91 < 0.001* < 0.001*

*: P < 0.05.
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Ang-2 expression levels were all positively  
associated with SGRQ scores (P < 0.01, re- 
spectively).

Discussion

Chronic obstructive pulmonary disease (COPD) 
possesses both high morbidity and mortality, 
especially when COPD is acutely exacerbated 
due to bacterial infections, viruses, tobacco 

and then we analyzed the correlation between 
CRP expression and SGRQ score in AECOPD 
patients. Results indicated that the expression 
level of CRP was the highest one in AECOPD 
patients among the three groups. Correlation 
analysis indicated that CRP expression level 
was closely related to the life wellbeing status 
of patients. AECOPD patients with high expres-
sion level of CRP exhibited poor life wellbe- 
ing status. As a result of this, CRP could be an 

Figure 5. The correlation analysis of CPR and Ang-2 in AECOPD group after 
therapy.

Figure 6. The correlation analysis of PCT and Ang-2 in AECOPD group after 
therapy.

consumption and air pollut-
ants [16-18]. Hence, it is of 
great significance to find 
whether or not biomarkers 
can be used to indicate the 
severity of COPD and dis- 
tinguish acute exacerbated 
COPD (AECOPD) from stable 
COPD so that early interven-
tion can be introduced. CRP 
and PCT have been reported 
as normal biomarkers for 
COPD in formal studies [19, 
20]. CRP, which is a widely 
used serum marker in diag-
nosing infectious diseases 
and monitoring sensitivities  
of antibiotics, has been found 
to be highly expressed in 
patients with AECOPD, espe-
cially in those who have puru-
lent sputum and positive bac-
terial sputum cultures [21-24]. 
Recently, PCT has been pro-
spectively studied in guiding 
antibiotic therapy as a bio-
marker in order to increase 
the sensitivity for diagnosing 
bacterial infections [25, 26]. 
Ang-2, which participates in 
some inflammatory diseases 
and mediating angiogenesis, 
has also been reported to  
be correlated with COPD ex- 
acerbations [27, 28]. There- 
fore, our objective was to veri-
fy whether CRP, PCT and 
Ang-2 could be considered as 
appropriate biomarkers for 
AECOPD and could be used to 
evaluate the severity of COPD.

Firstly, we detected CRP ex- 
pressions in the control, sta-
ble COPD and AECOPD group 
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appropriate biomarker of COPD and it may pro-
vide reliable information for distinguishing 
AECOPD from stable COPD. In accordance with 
our research, Bafadhel et al. and Lacoma et al. 
also demonstrated that CRP serum levels were 
closely related to the severity of COPD [17, 20]. 
As suggested by Brightling et al., CRP could 
serve as biomarkers for guiding personalized 
corticosteroid and antibiotic treatment for 
AECOPD patients [16]. Similarly, Bafadhel et al. 
formulated a threshold level of CRP (> 48 mg/L) 
which can be used to tailor antibiotic treat-
ments [20]. However, CRP was related to bacte-
rial presence and it could not be used in distin-
guishing virus-associated AECOPD from others, 
which is a recognized limitation in applying CRP 
as a biomarker [19, 29].

Comparison of PCT expression levels among 
different groups and analysis of the correlation 
between PCT and SGRQ scores enabled us to 
discover that PCT had a similar role in estimat-
ing the severity of COPD and it may as one of 
the biomarkers for acute exacerbated COPD 
and these results were consistent with studies 
conducted by Bafadhel et al. and Lacoma et al. 
[17, 20]. They both identified a correlation ship 
between CRP and PCT, indicating that both CRP 
and PCT could assist in diagnosing AECOPD, 
evaluating the short-term prognostic outcomes 
of AECOPD patients, and guiding antibiotic 
treatments for AECOPD patients. However, 
some researchers argued that PCT was not 
able to reflect bacterial infections and only a 
moderate correlation between CRP and bacte-
rial infections was observed, indicating that 
PCT was not a sensitive biomarker of AECOPD 
[19, 28, 30]. This inconsistency might be 
caused by different PCT detection approaches 
which might result in different sensitivity for 
diagnosing AECOPD.

Furthermore, we found that Ang-2 was also an 
appropriate biomarker of AECOPD and could be 

used in estimating the severity of COPD. As 
suggested by Cho et al. and Nikolakopoulou et 
al., AECOPD patients exhibited a much higher 
serum Ang-2 level [27, 28]. Moreover, they both 
demonstrated that CRP expression was corre-
lated with serum Ang-2 level and this correla-
tion was verified by our study. By analyzing the 
correlation among PCT/CRP/Ang-2 expression 
levels in patients with AECOPD, we also showed 
that PCT expression was positively correlated 
with Ang-2 expression. Therefore, CRP, PCT and 
Ang-2 may have similar roles in distinguishing 
AECOPD from stable-stage AECOPD. Further- 
more, we examined changes in these mole-
cules in AECOPD patients after treatments 
were applied over a period of time in order to 
find out whether or not these changes were 
related to health and life wellbeing status of 
patients.

By comparing PCT, CRP, and Ang-2 expression 
levels in AECOPD patients who were effectively 
treated (better group) and those who were with 
ineffectively treated (worse group), we found 
that PCT, CRP, and Ang-2 expression levels in 
the better group were gradually decreased as 
treatment time extended, while Ang-2, PCT, and 
CRP expression level were increased in the 
worse group. All of these results indicated that 
changes in serum PCT and CRP levels, espe-
cially Ang-2 levels, could be used to evaluate 
the therapeutic effect of treatment on AECOPD 
patients. Similarly, Cho et al. and Nikolakopou- 
lou et al. also demonstrated that serum Ang-2 
levels of AECOPD patients was decreased  
when patients started to recover from AECOPD 
[27, 28]. Hence, monitoring serum Ang-2 levels, 
together with PCT and CRP levels during the 
course of therapy for AECOPD patients, might 
reflect informative changes in clinical condi-
tions of AECOPD patients.

This pioneer study revealed the role of PCT, 
CRP together with Ang-2 in determining COPD 
severity, AECOPD diagnosis and therapeutic 
effects of treatment on AECOPD. However, our 
study contains some limitations. Firstly, the 
sample size of our study was relatively small 
and we only selected patients who were from 
the north-west of China and therefore more 
studies are still in demand. Additionally, several 
factors including judgment of doctors may have 
potential impact on assessing the effective-
ness of AECOPD treatments and hence a more 

Table 4. The correlation analysis between 
SGRQ score with PCT, CRP and Ang-2 in 
AECOPD group
Group PCT CRP ANG-2
SGRQ
    r value 0.618 0.641 0.527
    P value < 0.001* < 0.001* < 0.001*
*: P < 0.05.
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objective evaluation approach should be de- 
signed to address this issue. In conclusion, 
PCT, CRP and Ang-2 have been demonstrated 
to be appropriate biomarkers for acute exacer-
bated COPD. Meanwhile, they could be used to 
evaluate the severity of COPD and the efficacy 
of AECOPD treatments.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Lei Yang, China-
Japan Union Hospital of Jilin University, 126 Xian- 
tai Avenue, Changchun 130031, Jilin, China. Tel: 
+86-0431-84995988; Fax: +86-0431-84995988; 
E-mail: leiyyang@yeah.net 

References

[1]	 Rennard SI and Drummond MB. Early chronic 
obstructive pulmonary disease: definition, as-
sessment, and prevention. Lancet 2015; 385: 
1778-1788.

[2]	 Downs CA. Functional assessment of chronic 
obstructive pulmonary disease. J Am Acad 
Nurse Pract 2011; 23: 161-167.

[3]	 Postma DS, Bush A and van den Berge M. Risk 
factors and early origins of chronic obstructive 
pulmonary disease. Lancet 2015; 385: 899-
909.

[4]	 Rieger-Reyes C, Garcia-Tirado FJ, Rubio-Galan 
FJ and Marin-Trigo JM. Classification of chro- 
nic obstructive pulmonary disease severity  
according to the new Global Initiative for 
Chronic Obstructive Lung Disease 2011 guide-
lines: COPD assessment test versus modified 
Medical Research Council scale. Arch Bron- 
coneumol 2014; 50: 129-134.

[5]	 Seemungal TA and Wedzicha JA. Update in 
Chronic Obstructive Pulmonary Disease 2014. 
Am J Respir Crit Care Med 2015; 192: 1036-
1044.

[6]	 Dal Negro R, Bonadiman L, Tognella S, Mi- 
cheletto C and Turco P. The impact of LABA+ 
ICS fixed combinations on morbidity and eco-
nomic burden of COPD in Italy: a six-year ob-
servational study. Ther Adv Respir Dis 2011; 5: 
83-90.

[7]	 Kim V and Criner GJ. Chronic bronchitis and 
chronic obstructive pulmonary disease. Am J 
Respir Crit Care Med 2013; 187: 228-237.

[8]	 Han MK and Criner GJ. Update in chronic ob-
structive pulmonary disease 2012. Am J Respir 
Crit Care Med 2013; 188: 29-34.

[9]	 Nyamande K and Lalloo UG. Serum procalci- 
tonin distinguishes CAP due to bacteria, Myco- 
bacterium tuberculosis and PJP. Int J Tuberc 
Lung Dis 2006; 10: 510-515.

[10]	 Davies J. Procalcitonin. J Clin Pathol 2015; 68: 
675-679.

[11]	 Assasi N, Blackhouse G, Campbell K, Hopkins 
RB, Levine M, Richter T and Budden A. Com- 
parative Value of Erythrocyte Sedimentation 
Rate (ESR) and C-Reactive Protein (CRP) 
Testing in Combination Versus Individually for 
the Diagnosis of Undifferentiated Patients 
With Suspected Inflammatory Disease or 
Serious Infection: A Systematic Review and 
Economic Analysis. Ottawa (ON): Canadian 
Agency for Drugs and Technologies in Health 
2015.

[12]	 Nillawar AN, Joshi KB, Patil SB, Bardapurkar JS 
and Bardapurkar SJ. Evaluation of HS-CRP and 
Lipid Profile in COPD. J Clin Diagn Res 2013; 7: 
801-803.

[13]	 Scholz A, Plate KH and Reiss Y. Angiopoietin-2: 
a multifaceted cytokine that functions in both 
angiogenesis and inflammation. Ann N Y Acad 
Sci 2015; 1347: 45-51.

[14]	 Boueri FM, Bucher-Bartelson BL, Glenn KA and 
Make BJ. Quality of life measured with a ge-
neric instrument (Short Form-36) improves fol-
lowing pulmonary rehabilitation in patients 
with COPD. Chest 2001; 119: 77-84.

[15]	 Domingo-Salvany A, Lamarca R, Ferrer M, 
Garcia-Aymerich J, Alonso J, Felez M, Khalaf  
A, Marrades RM, Monso E, Serra-Batlles J  
and Anto JM. Health-related quality of life  
and mortality in male patients with chronic  
obstructive pulmonary disease. Am J Respir 
Crit Care Med 2002; 166: 680-685.

[16]	 Brightling CE. Biomarkers that predict and 
guide therapy for exacerbations of chronic ob-
structive pulmonary disease. Ann Am Thorac 
Soc 2013; 10 Suppl: S214-219.

[17]	 Lacoma A, Prat C, Andreo F, Lores L, Ruiz-
Manzano J, Ausina V and Dominguez J. Value 
of procalcitonin, C-reactive protein, and neop-
terin in exacerbations of chronic obstruc- 
tive pulmonary disease. Int J Chron Obstruct 
Pulmon Dis 2011; 6: 157-169.

[18]	 Durmaz D, Goksu E, Kilic T, Ozbudak O and 
Eray O. The role of nitric oxide in predicting re-
visit of patients with exacerbated chronic ob-
structive pulmonary disease. J Emerg Med 
2015; 48: 247-253.

[19]	 Daniels JM, Schoorl M, Snijders D, Knol DL, 
Lutter R, Jansen HM and Boersma WG. Pro- 
calcitonin vs C-reactive protein as predictive 
markers of response to antibiotic therapy in 
acute exacerbations of COPD. Chest 2010; 
138: 1108-1115.

[20]	 Bafadhel M, Clark TW, Reid C, Medina MJ, 
Batham S, Barer MR, Nicholson KG and Bri- 
ghtling CE. Procalcitonin and C-reactive protein 
in hospitalized adult patients with community-
acquired pneumonia or exacerbation of asth-
ma or COPD. Chest 2011; 139: 1410-1418.

mailto:leiyyang@yeah.net


PCT, CRP, Ang-2, SGRQ and post-treatment AECOPD patients

6812	 Int J Clin Exp Pathol 2016;9(7):6804-6812

[21]	 Hurst JR, Donaldson GC, Perera WR, Wilkinson 
TM, Bilello JA, Hagan GW, Vessey RS and 
Wedzicha JA. Use of plasma biomarkers at ex-
acerbation of chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med 2006; 174: 
867-874.

[22]	 Weis N and Almdal T. C-reactive protein--can it 
be used as a marker of infection in patients 
with exacerbation of chronic obstructive pul-
monary disease? Eur J Intern Med 2006; 17: 
88-91.

[23]	 Gompertz S, O’Brien C, Bayley DL, Hill SL and 
Stockley RA. Changes in bronchial inflamma-
tion during acute exacerbations of chronic 
bronchitis. Eur Respir J 2001; 17: 1112-1119.

[24]	 Dev D, Wallace E, Sankaran R, Cunniffe J, 
Govan JR, Wathen CG and Emmanuel FX. 
Value of C-reactive protein measurements in 
exacerbations of chronic obstructive pulmo-
nary disease. Respir Med 1998; 92: 664-667.

[25]	 Simon L, Gauvin F, Amre DK, Saint-Louis P and 
Lacroix J. Serum procalcitonin and C-reactive 
protein levels as markers of bacterial infection: 
a systematic review and meta-analysis. Clin 
Infect Dis 2004; 39: 206-217.

[26]	 Stolz D, Christ-Crain M, Bingisser R, Leuppi J, 
Miedinger D, Muller C, Huber P, Muller B and 
Tamm M. Antibiotic treatment of exacerbations 
of COPD: a randomized, controlled trial com-
paring procalcitonin-guidance with standard 
therapy. Chest 2007; 131: 9-19.

[27]	 Nikolakopoulou S, Hillas G, Perrea D, Tento- 
louris N, Loukides S, Kostikas K, Simoes D, 
Georgakopoulou E, Vogiatzakis E, Veldekis D 
and Bakakos P. Serum angiopoietin-2 and CRP 
levels during COPD exacerbations. COPD 
2014; 11: 46-51.

[28]	 Cho YJ, Ma JE, Yun EY, Kim YE, Kim HC, Lee JD, 
Hwang YS and Jeong YY. Serum angiopoietin-2 
levels are elevated during acute exacerbations 
of COPD. Respirology 2011; 16: 284-290.

[29]	 Kherad O, Kaiser L, Bridevaux PO, Sarasin F, 
Thomas Y, Janssens JP and Rutschmann OT. 
Upper-respiratory viral infection, biomarkers, 
and COPD exacerbations. Chest 2010; 138: 
896-904.

[30]	 Bozinovski S, Hutchinson A, Thompson M, 
Macgregor L, Black J, Giannakis E, Karlsson 
AS, Silvestrini R, Smallwood D, Vlahos R, Irving 
LB and Anderson GP. Serum amyloid a is a bio-
marker of acute exacerbations of chronic ob-
structive pulmonary disease. Am J Respir Crit 
Care Med 2008; 177: 269-278.


