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Abstract. Expression and clinical significance of serum 
amyloid A (SAA) and interleukin-6 (IL-6) in patients 
with acute exacerbation of chronic obstructive pulmonary 
disease (AECOPD) were investigated. Fifty-one patients with 
AECOPD (acute group, AG) and 51 patients with stable chronic 
obstructive pulmonary disease (stable group, SG) admitted to 
Qingdao Eighth People's Hospital were selected. The expres-
sion levels of SAA and IL-6 in peripheral blood of patients in 
the two groups were detected and compared before and after 
treatment. Pearson analysis was used in the correlation between 
SAA and IL-6 and Receiver operating characteristic (ROC) 
curve was employd to analyze the predictive value of SAA and 
IL-6 for AECOPD progression. Logistic regression analysis 
was used to analyze the risk factors of AECOPD patients. 
The expression levels of SAA and IL-6 of patients in AG 
were significantly higher than those in SG (P<0.05). Pearson 
analysis showed that SAA was positively correlated with IL-6 
expression (P<0.05). ROC curve analysis showed that AUC 
predicted by SAA and IL-6 for AECOPD progress was 0.789 
and 0.762 (P<0.05). Logistic regression analysis showed that 
SAA and IL-6 were prediction indexes of AECOPD progres-
sion. The levels of SAA and IL‑6 were significantly increased 
during AECOPD and effectively predicted the progress of 
AECOPD and is a risk factor affecting AECOPD patients.

Introduction

Chronic obstructive pulmonary disease (COPD) is one of 
the most common lung diseases observed in clinical practice 

and the third leading cause of death in the world (1,2). COPD 
prevalence rate of people aged over 40 years is 10.1% in the 
world and 8.2% in China (3). According to relevant data, the 
death rate of COPD inpatients in the United States was 4.8% 
in 2002 and the average hospitalization cost of patients was 
as high as $22,187 (4). COPD mainly manifests as airflow 
obstruction and lung inflammation (5). Due to deterioration of 
lung function, people with severe COPD are usually unable to 
participate in normal physical activities (6). Acute exacerbation 
of COPD (AECOPD) is associated with acute inflammation 
and infection and increases morbidity and mortality (7). 
However, little is known about the prognostic consequences of 
these deterioration (8).

Serum amyloid A (SAA), a precursor protein of amyloid 
fibrils (9), is an evolved and highly conserved acute phase protein 
secreted mainly by hepatocytes (10). Some studies have pointed 
out that SAA may be a potential marker of lung cancer (11). 
However, at present, there are still few studies on the role of SAA 
in AECOPD. Interleukin-6 (IL-6) is one of the most impor-
tant inflammatory cytokines (12). It was originally described 
as B-stimulating factor 2, which induces B lymphocytes to 
produce immunoglobulin (13). It can be rapidly synthesized 
in the case of infection and tissue damage (14). Relevant data 
showed that IL‑6 plays a key role in the pathogenesis of inflam-
matory diseases and the homeostasis of nerve tissue (15). COPD 
is characterized by local and systemic inflammation. Because 
inflammation plays a key role in the progression, course and 
severity of COPD, inflammatory markers have the potential 
to improve current diagnosis and prognosis methods (16). 
However, few studies have systematically investigated the levels 
of inflammatory cytokines in patients with AECOPD.

Therefore, we explored the expression of SAA and IL-6 
in the peripheral blood serum of AECOPD patients through 
experiments to provide accurate basis for future clinical diag-
nosis and treatment of AECOPD.

Patients and methods

Baseline data of patients. In this study, 51 patients with acute 
exacerbation of chronic obstructive pulmonary disease (AG) 
admitted to Qingdao Eighth People's Hospital (Qingdao, 
China) from March 2010 to February 2015 were selected, 
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including 31 males and 20 females, aged 45-70 years with an 
average age of (56.31±6.74) years. Fifty-one patients with stable 
chronic obstructive pulmonary disease (SG) were selected, 
including 33 males and 18 females, aged 44-69 years and an 
average age of (56.62±6.49) years. The study was approved by 
the Ethics Committee of Qingdao Eighth People's Hospital. 
Signed informed consents were obtained from the patients 
and/or guardians.

Inclusion and exclusion criteria
Inclusion criteria. The patients who met the diagnostic criteria 
of the Spanish management guide of COPD in 2017 (17). The 
patients received treatment in the above hospital after diagnosis 
and had complete case data. All the patients agreed to cooperate 
with the work arrangements of the medical staff in the hospital. 
Informed consent was signed by the patient or an immediate 
family member.

Exclusion criteria. Died during treatment; injury of important 
organs; comorbid with other cardiovascular and cerebrovas-
cular diseases; physical disability; pregnancy; comorbid with 
other autoimmune diseases; comorbid with other chronic 

diseases; transferred to another hospital; contraindications of 
surgery; mental diseases, language dysfunction and diseases 
affecting the results of this study.

Methods. In both groups, 3 ml of peripheral venous blood was 
extracted on an empty stomach in the early morning, and the 
serum was centrifuged for 10 min at 300 x g and 28˚C, and then 
separated and stored at ‑80˚C for measurement. The serum 
IL-6 and SAA levels were detected by enzyme-linked immu-
nosorbent assay (ELISA). IL-6 detection kit was purchased 
from Shanghai Chunshi Biotechnology Co., Ltd., item number 
(CS-13629E). The SAA detection kit was purchased from 
Shanghai YuanMu Biological Technology Co. Ltd., item 
number (YM-SX0898). The operation steps were carried out 
strictly in accordance with the requirements of the manual.

Statistical methods. The experimental results were calculated 
using SPSS24.0 statistical (Beijing Sitron Weida Information 
Technology Co., Ltd.). The image was drawn by GraphPad 
Prism 7. Counting data was expressed as a percentage (%). The 
chi-square test was used to compare between the two groups. 
The measurement data was expressed as mean ± standard 

Table I. Comparison of the baseline data of COPD patients between the two groups [n (%)].

Items AG (51) SG (51) t or χ2 P-value

Sex   0.168 0.682
  Male 31 (60.78) 33 (64.71)
  Female 20 (41.18) 18 (35.29)
Age/years 56.31±6.74 56.62±6.49 0.237 0.813
BMI (kg/m2) 22.47±3.83 22.15±4.62 0.381 0.704
Place of residence   0.056 0.813
  City 39 (76.47) 40 (78.43)
  Rural 12 (23.53) 11 (21.57)
Ethnicity   0.703 0.402
  Han 45 (88.24) 42 (82.35)
  Minority   6 (11.76)   9 (17.65)
Smoking history   0.050 0.822
  Yes 38 (74.51) 37 (72.55)
  No 13 (25.49) 14 (27.45)
Drinking history   0.177 0.674
  Yes 33 (64.71) 35 (68.63)
  No 18 (35.29) 16 (31.37)
Education level   0.403 0.526
  < High school 15 (29.41) 18 (35.29)
  ≥ High school 36 (70.59) 33 (64.71)
Marital status   0.297 0.586
  Married 42 (82.35) 44 (86.27)
  Unmarried   9 (17.65)   7 (13.73)
Family history   0.159 0.689
  Yes 23 (45.10) 21 (41.18)
  No 28 (54.90) 30 (58.82)

COPD, chronic obstructive pulmonary disease; AG, acute group; SG, stable group.
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deviation (SD). t-test was used for comparison between groups. 
The receiver operating characteristic (ROC) curve was used to 
evaluate the diagnostic efficacy and calculate the sensitivity, 
and specificity. Pearson test was used to analyze the correla-
tion between SAA and IL-6 in serum. Chi-square (χ2) test 
was used for counting data to conduct single factor analysis 
of AECOPD. The indexes of P<0.05 in single factor analysis 
were incorporated into logistic multiple regression model 
(stepwise regression) for multivariate analysis. Independent 
risk factors related to AECOPD were screened. The difference 
was statistically significant at P<0.05.

Results

Comparison of the baseline data of patients between the 
two groups. The two groups of patients were comparable in 
baseline data of sex, age and BMI, with no significant differ-
ence (P>0.05) (Table I).

Expression levels of SAA and IL‑6 in peripheral blood 
of patients in the two groups. The results showed that the 
relative level of SAA expression in serum of AECOPD 
patients (40.68±14.49) ng/ml was significantly higher than 
that of patients with stable COPD (21.58±6.91) ng/ml, 
P<0.001. More details are shown in Fig. 1A. The relative 
level of IL-6 expression in serum of AECOPD patients 
(80.93±33.52) ng/ml was significantly higher than that of 

patients with stable COPD (27.68±17.27) ng/ml, P<0.001 
(Fig. 1B).

Correlation analysis of SAA and IL‑6 in AG. Pearson correla-
tion analysis showed that SAA level in serum of patients in 
AG was positively correlated with IL‑6 (r=0.765, P<0.001) 
(Table II and Fig. 2).

Predictive value of SAA and IL‑6 for AECOPD progression. 
When the cut-off value was 10.06 ng/ml, the sensitivity of 
SAA to AECOPD progression was 82.35% and the specificity 
was 68.63%. When the cut-off value was 15.69 ng/ml, the 
sensitivity of IL-6 to AECOPD progression was 88.24% and 
the specificity was 49.02% (Table III and Fig. 3A and B).

Figure 1. Comparison of SAA and IL-6 between the two groups. (A) The 
expression levels of SAA in the AG were significantly higher than that in the 
SG, *P<0.05. (B) The expression levels of IL‑6 in the AG were significantly 
lower than that in the SG, #P<0.05. SAA, serum amyloid A; IL‑6, inter-
leukin-6; AG, acute group; SG, stable group.

Table II. Correlation analysis of SAA and IL-6.

Items Value

r 0.765
95% CI 0.6202-0.8594
P‑value <0.001

SAA, serum amyloid A; IL-6, interleukin-6.

Table III. Predictive value of SAA and IL-6 for AECOPD 
progression.

Items SAA IL-6

AUC 0.789 0.762
SE 0.045 0.046
95% CI 0.7002-0.8777 0.6721-0.8527
P‑value <0.001 <0.001
Cut-off 10.06 ng/ml 15.69 ng/ml
Sensitivity (%) 82.35 88.24
Specificity (%) 68.63 49.02

SAA, serum amyloid A; IL-6, interleukin-6; SE, standard error; 
AECOPD, acute exacerbation of chronic obstructive pulmonary 
disease.

Figure 2. Pearson correlation analysis shows that SAA level in serum of 
patients in AG was positively correlated with IL‑6 (r=0.765, P<0.001). 
SAA, serum amyloid A; IL-6, interleukin-6; AG, acute group.



WEI et al:  SAA AND IL-6 IN PATIENTS WITH AECOPD2092

Analysis of single risk factors in the two groups. The indi-
cators with differences in the above results were taken as 
the results of single factor analysis and assigned values 
(Table IV). SPSS was used to select LR: forward for multi-
variate regression analysis. The results showed that diabetes 
was an independent risk factor for affecting AECOPD 
(OR, 1.234; 95% CI, 2.281-19.694). Respiratory failure was 
an independent risk factor for affecting AECOPD (OR, 5.020; 
95% CI, 1.080-23.324). SAA was an independent risk factor 
for affecting AECOPD (OR, 3.227; 95% CI, 1.124-9.256). 
IL-6 was an independent risk factor for affecting AECOPD 
(OR, 2.019; 95% CI, 1.267-3.218) (Table V).

Discussion

COPD is a common, preventable and treatable disease, which is 
caused by airway and/or alveolar abnormalities and is usually 
caused by exposure to harmful particles or gases (18,19). 
Moreover, frequent hospitalization leads to a significant 
decrease in the quality of life of patients (20) and severe acute 
exacerbation also predicts a poor prognosis, with mortality 
rates exceeding, respectively, 20 and 50% in 1 and 5 years (21).

SAA is a major acute plasma protein, which can regulate 
innate immunity and cholesterol homeostasis (22). SAA has 
a significant relationship with acute phase reaction. Serum 
level rises up to 1,000 times within 24 h (23). This is the 
same as C-reactive protein (CRP). SAA can be used as a diag-
nostic, prognostic or therapeutic follow-up marker for many 
diseases (24,25). Cytokines are effective inducers of SAA in 
hepatocytes (26). Relevant literature shows that the synthesis 
of SAA is regulated by IL-6 (27). IL-6 is a multi-effect 
cytokine with known multiple functions in immune regula-
tion, inflammation and tumorigenesis (28,29). COPD is an 
inflammatory and irreversible lung disease (30). Biological 

Table IV. Assignments.

Index Assignment

Diabetes mellitus No=0; Yes=1
Respiratory failure No=0; Yes=1
SAA (mg/l) The data conformed to continuous variables and were analyzed with original data.
IL-6 (ng/l) The data conformed to continuous variables and were analyzed with original data.

SAA, serum amyloid A; IL-6, interleukin-6.

Table V. Multivariate regression analysis.

Items Β SE Wald P‑value OR 95% CI

Diabetes mellitus 1.922 0.431 18.832 0.020 1.234 2.281-19.694
Respiratory failure 1.613 0.784 4.238 0.040 5.020 1.080-23.324
SAA 1.172 0.536 4.744 0.028 3.227 1.124-9.256
IL-6 0.701 0.239 8.705 0.002 2.019 1.267-3.218

SE, standard error; SAA, serum amyloid A; IL-6, interleukin-6.

Figure 3. Diagnostic value of SAA and IL-6 for AECOPD. (A) ROC curve 
of SAA prediction of AECOPD. Cut-off value was 10.06, AUC was 0.789, 
SE was 0.045, 95% CI was 0.7002-0.8777, sensitivity was 82.35% and speci-
ficity was 68.63%, P<0.001. (B) ROC curve of SAA prediction of AECOPD. 
Cut-off value was 15.69, AUC was 0.762, SE was 0.046, 95% CI was 
0.678‑0.859, sensitivity was 88.24% and specificity was 49.02%, P<0.001. 
SAA, serum amyloid A; IL-6, interleukin-6; AECOPD, acute exacerbation 
of chronic obstructive pulmonary disease; ROC, receiver operating charac-
teristic; SE, standard error.
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medicines for inflammatory cytokine IL‑6 are increasingly 
considered as treatment methods for chronic diseases and 
cancers (31). However, the role of IL-6 in AECOPD is still 
less elaborated. Therefore, analyzing the impact of SAA and 
IL‑6 on AECOPD, is not only of great significance for future 
clinical screening of AECOPD, but also provides new ideas 
for potential therapeutic targets of AECOPD in the future.

The results of this study showed that the expression levels 
of SAA and IL‑6 were significantly up‑regulated in COPD 
patients, suggesting that SAA and IL-6 may participate in the 
development and progression of AECOPD, which is consistent 
with the research results of Li et al (32) and Chen et al (33) 
and support the results of this study. According to Pearson 
correlation analysis, SAA level in serum of patients in AG 
was positively correlated with IL‑6 (r= 0.765, P<0.001), which 
shows serious tissue damage in AECOPD progression. At 
this time, the content of pro-inflammatory cytokine IL-16 
increases significantly and regulates the accelerated secre-
tion of SAA. By drawing ROC curve of SAA and IL-6, we 
found SAA AUC=0.789, 95% CI, 0.7002-0.8777, while IL-6 
AUC=0.762, 95% CI, 0.6721-0.8527. This showed that SAA 
and IL-6 have a very good predictive value in the prediction 
of AECOPD progress. Moreover, the study of Landi et al (34) 
showed that IL-16 has a good predictive value for myogenic 
myelitis. Previous studies also confirmed that SAA has a good 
predictive effect for postoperative infection of osteosarcoma 
and ovarian cancer (35,36), which also confirms our view-
point. Through multivariate regression analysis, diabetes, 
respiratory failure, SAA and IL-6 are independent risk factors 
for affecting AECOPD, suggesting that in clinical situation of 
AECOPD patients should be paid attention during treatment 
in clinic. Patients with longer course and more severe disease 
should be paid more attention during the treatment process.

The purpose of this study was to explore and analyze the role 
of SAA and IL-6 in AECOPD. However, the number of cases is 
limited, and the experimental period is short. Thus, further study 
is required.

In conclusion, the levels of SAA and IL‑6 are significantly 
increased during AECOPD and they are positively correlated. 
They may participate in the development and progression of 
AECOPD and can effectively predict and affect the progress 
of AECOPD.
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