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disease phenotypes[2] and this heterogeneity is considered 
to be the underlying reason for differences in treatment 
responses among patients.

The GOLD classification, designed primarily as a 
strategy for patient management, aims to increase 
awareness of COPD and prevent under and over 

Original Article

Introduction

T he current guidelines define chronic obstructive 
pulmonary disease  (COPD) as a common, 

preventable and treatable lung disease that is 
characterized by respiratory symptoms and permanent 
limitation of airflow, related to airway and/or alveolar 
abnormalities caused by serious exposure to harmful 
particles or gasses.[1] The 2017 ‘Global Initiative for 
Chronic Obstructive Lung Disease  (GOLD)’ report 
excluded the term inflammation from the definition, 
although the text emphasized the significance of 
inflammation.[2] The term COPD covers several distinct 
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Background: The Global Initiative classification (GOLD) for chronic obstructive 
pulmonary disease  (COPD), which relies on the practical issues of treatment 
of this complex and heterogeneous disease, may not be reliable in predicting 
disease severity and prognosis as the term of inflammation is excluded from the 
definition. Aim: The aim of this study was to determine systemic inflammatory 
markers in GOLD ABCD groups and to compare these parameters according to 
clinical and functional features. Methods: The study included 60 COPD patients 
and 59 healthy subjects. Comparisons were made with the pulmonary function 
test, transthoracic echocardiography and the six‑minute walk test  (6MWT). The 
COPD assessment test  (CAT), modified Medical Research Council  (mMRC), 
and index scores of body mass index, airflow obstruction, dyspnea, and exercise 
capacity  (BODE) were recorded. The systemic inflammatory state was assessed 
using C‑reactive protein, fibrinogen, tumor necrosis factor‑alpha  (TNF‑α), 
interleukin (IL)‑6, IL‑8 and IL‑18. Results: The levels of all serum inflammatory 
markers were higher in the COPD group than in the control group. TNF‑α and 
IL‑6 were significantly higher in the symptomatic groups  (B and D) than in the 
less symptomatic groups  (A and C)  (P  <  0.05). Spirometric parameters were 
more severe in Group  D, followed by groups  C, B and A, respectively. The 
6MWT and the BODE scores were worst in Group  D, followed by groups  B, 
C and A. Conclusion: The results suggest that bronchodilator treatment alone 
might be insufficient in Group B patients, as the systemic inflammatory markers 
in addition to exercise capacity and mortality predictors were at the worst level 
in Groups D and B.

Keywords: Chronic obstructive pulmonary disease, inflammation, interleukin‑6, 
tumor necrosis factor‑alpha
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diagnosis that can lead to under‑  and over‑treatment, 
respectively. Until 2011, the GOLD recommendations 
were based only on forced expiratory volume in one 
second  (FEV1). However, due to weak correlation 
between this parameter, quality of life and clinical 
symptoms, the GOLD report was revised in 2011,[3] and 
according to symptoms and risk factors for exacerbation, 
and a classification system which divided patients into 
4 groups  (A, B, C, and D) was accepted. However, the 
reliability of this classification is unclear as it is thought 
that this classification is not sufficient for predicting the 
severity and prognosis of COPD.

Patients in different GOLD groups might differ according 
to disease exacerbation and symptoms. However, the 
severity of the systemic inflammation might aid in 
assessing the severity of the disease, prognosis and 
follow‑up among these patient groups. Therefore, we 
intended to compare the clinical data, functional features 
and the severity of inflammation in patients classified 
according to the GOLD 2017 recommendations.

Methods
Study design
This study was designed as a prospective cross‑sectional 
clinical study. Clinical Research Ethics Committee for 
non‑invasive studies of Adnan Menderes University, 
Turkey approved the study (Protocol number: 2015/728). 
All participants were briefed about the concept of 
the study and written consent was obtained from the 
participants. Sociodemographic data including age, sex, 
and physical characteristics such as height and weight 
of the patient and control groups were recorded. The 
number of packs smoked per year  (packs/yrs) was also 
recorded. The formula for body mass index  (BMI) 
calculation: weight/(height) 2 (kg/m2).

The clinical characteristics of the patients with COPD 
were identified by the COPD assessment  (CAT) 
and modified Medical Research Council  (mMRC) 
tests. mMRC can determine the level of respiratory 
disability that is caused by dyspnea. It uses a grading 
system between 0 and 4.[4] CAT is a patient completed 
test that measures the effects of COPD on patients. 
This questionnaire is related to the symptoms, sleep, 
symptoms, exercise limitation and confidence. Each 
item has a point between 0 and 5 and the total score 
can be between 0 and 40.[5] The mMRC and CAT scores 
of the patients were used for classification. Patients 
with a CAT score lower than 10 and mMRC grade  0‑1 
were classified as patients with fewer symptoms, while 
those with a CAT score equal to or higher than 10 and 
mMRC ≥ grade  2 were classified as patients with more 
symptoms.[3] The previous year’s history of exacerbations 

guided us to calculate the risk of exacerbations. Patients 
who were not hospitalized due to exacerbations or those 
with fewer than two exacerbations were included in the 
low‑risk patient group.

All subjects performed a 6‑minute walk test  (6MWT) 
and spirometry. The subject was seated and Jaeger 
Master Scope spirometer was used for spirometry in 
the pulmonary function test laboratory of our hospital, 
following the American Thoracic Society  (ATS)/
European Respiratory Society  (ERS) criteria.[6] All tests 
were conducted by a single technician who was qualified 
in pulmonary function testing. The bronchodilation 
test which measured FEV1  (%, L), FVC  (forced vital 
capacity)  (%, L), and FEV1/FVC  (%) was performed 
15  minutes after salbutamol inhalation  (400 µg, 4 
puffs). ATS/ERS criteria were used to evaluate the best 
acceptable and reproducible pulmonary function test 
results. The patient’s functional capacity was determined 
using the 6MWT. The patient was instructed to walk on 
a flat surface for six minutes at maximum speed. Pulse 
oximetry was used to measure the oxygen saturation 
before and after the walk test, and status of fatigue 
and dyspnea were recorded. 6MWT was performed in 
all patients, and the data were recorded for calculating 
the BODE index score.[7] The COPD‑related mortality 
risk was calculated using the BODE index score and 
higher scores meant increased risk of mortality. The 
scores obtained from 6MWT for exercise capacity, 
mMRC for dyspnea, FEV1 for airway obstruction, 
and BMI were added to determine the BODE index 
score.[8] All subjects underwent echocardiography, which 
was performed by a cardiologist, and systolic pulmonary 
arterial pressure (sPAP) was recorded.

The systemic inflammatory state was determined 
by measuring the levels of following indicators: 
interleukin  (IL)  ‑6,  ‑8,  ‑18, tumor necrosis 
factor‑alpha  (TNF‑α), serum C‑reactive protein  (CRP) 
and fibrinogen. Blood samples were drawn from the 
patients following standardized procedures and stored 
at freezer  ‑80°C. Serum levels of interleukin‑6,  ‑8,  ‑18, 
TNF‑α, CRP and fibrinogen were determined by a 
commercial human enzyme‑linked immunosorbent 
assay kit  (Elabscience Biotechnology, Wu Han, China) 
at 450  nm and a standard curve with a Bioelisa Reader 
Elx800 (BioTek Instruments).

Patient selection
The study group comprised 60 stable COPD patients. 
The inclusion criteria were: a history of biomass 
exposure or smoking for  ≥10  years, aged  ≥40  years, 
no history of exacerbation in the four weeks prior 
to the study, and a post‑bronchodilator FEV1/FVC 
ratio of  <0.70.[3] Patients with comorbidities such as 
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cardiovascular disease, chronic inflammatory disease, 
diabetes mellitus, malignancy, those with an active 
infection during enrolment for the study, and those who 
were unable to perform on the effort test for any reason 
other than COPD were not included in the study. The 
control group comprised 59 healthy individuals who 
met the following criteria: aged ≥40  years, no evidence 
of obstructive/restrictive pulmonary disorder based on 
the pulmonary function test, no active infection during 
enrolment for the study and no condition that hindered 
walking.

Statistical analysis
The results of the study were evaluated by SPSS 
for Windows version  20  (IBM, Armonk, NY, 
USA). Kolmogorov‑Smirnov test was run to see 
whether quantitative variables were normally 
distributed. The normally distributed variables 
were given as mean  ±  standard deviation and as 
median  (25th‑75th  percentiles) for the variables which 
were not distributed normally. Categorical variables were 
given as percentages and frequencies. Two groups were 
compared using the Student’s t test, and in cases where 
the preconditions were not met, the Mann–Whitney U 
test was used. One‑way Analysis of Variance  (ANOVA) 
with Tukey’s test was run to compare 3 or more groups 
if the conditions were met, and the Kruskal–Wallis and 
the Bonferroni‑Dunn tests were used in cases where 
the preconditions were not met. Fisher’s exact and 
Chi‑square tests were utilized to analyze the categorical 
variables. The Monte Carlo simulation method was used 
to include frequencies that were expected to be <20% in 
the analysis. For correlation analysis, Pearson correlation 
coefficient was utilized when the preconditions of the 
parametric test were met, while the Spearman correlation 
coefficient was used when the preconditions were not 
met. P < 0.05 showed statistical significance.

Results
The demographic data and levels of inflammation markers 
of the patient and control groups are shown in Table 1. The 
mean ages of the 60 COPD patients and the 59 healthy 
controls were not significantly different  (64.88  ±  10.21 
and 62.54  ±  7.96  years, respectively, P  =  0.166). The 
number of male and female subjects were similar in 
COPD and control groups  (58/2  vs. 57/2, P  =  0.684). 
The patients had significantly lower mean BMI than the 
subjects in the control group  (P  <  0.001). The smoking 
index of the study group was more prominent compared 
to the control group  (42.52  ±  25.08  vs. 28.29  ±  16.34 
cigarette pack‑years, P = 0.002).

The spirometry measurements revealed that FVC  (% 
predicted), FEV1  (L and % predicted) and FEV1/FVC 

values were significantly lower in the COPD group 
compared to the control group (P < 0.001). In the COPD 
group, statistically significantly lower values were 
recorded for the spO2, 6MWT and BODE index score 
results than the control group  (P  <  0.001). The mMRC 
scores and sPAP values were higher in the COPD group 
than in the control group (P < 0.001).

Serum inflammation markers comparison showed 
significantly high levels of CRP  (P  <  0.05), and 
fibrinogen, IL‑6,  ‑8,  ‑18 and TNF‑α  (P  <  0.001, for all). 
When we categorized the COPD patients according to the 
GOLD 2017 classification, majority of the patients were 
categorized as GOLD groups  A and B  (36.7%, 33.3%), 
followed by GOLD groups  D and C  (16.7%, 13.3%). 
The features that could have potentially contributed to the 

Table 1: Demographic characteristics, functional 
parameters and inflammatory markers of the patients 

with COPD and the control group
Parameter COPD (n:60) Control (n:59) p
Age [years] 64.88±10.21 62.54±7.96 0.166
Sex n (%) (M/F) 58/2 57/2 0.684
BMI [kg/m2] 24.71 

(21.81‑26.95)
27.66 

(25.95‑31.34)
<0.001

Smoking index 44 (30‑52.75) 27 (15‑40) 0.002
FVC [L] 3.21±0.97 3.53±0.87 0.09
FVC (% pred.) 81.48±19.93 102.24±1257 <0.001
FEV1 [L] 1.88±0.74 3.07±0.51 <0.001
FEV1 (% pred.) 65.68±20.53 103.16±12.77 <0.001
FEV1/FVC 57.33±10.24 79.73±4.82 <0.001
Oxygen saturation 96.5 (95‑97) 98 (97‑98) <0.001
6MWT [m] 408 (317‑454) 454 (408‑499) <0.001
CAT 7.5 (4‑15.75) ‑ ‑
mMRC 1 (1‑2) 0 (0‑0) <0.001
BODE 1 (0‑3) 0 (0‑0) <0.001
sPAP [mmHg] 30 (28‑32) 26 (22‑28) <0.001
CRP [mg/L] 2.32±1.25 1.73±1.17 0.025
Fibrinogen [mg/dl] 328.85 

(294‑358.95)
274.5 

(239.3‑340.1)
<0.001

TNF‑α [pg/ml] 26.1 (20.1‑50.1) 10.36 (7.96‑13.64) <0.001
IL‑6 [pg/ml] 30 (16.27‑41.52) 10.93 (8.32‑19.8) <0.001
IL‑8 [pg/ml] 87.94 

(32.75‑158.2)
22.03 

(18.97‑23.64)
<0.001

IL‑18 [pg/ml] 37.5 
(32.81‑50.93)

15.64 
(12.64‑26.25)

<0.001

Data presented as mean±standard deviation or median (25th ‑ 75th 
percentiles). COPD=chronic obstructive pulmonary disease; 
BMI=body mass index; FVC=forced vital capacity; %pred.=percent 
predicted; FEV1=forced expiratory volume in one second; spO2=pulse 
oxygen saturation; 6MWT=6‑minute walk test; CAT=COPD 
assessment test; mMRC=modified Medical British Research Council 
dyspnea questionnaire; BODE=BMI  (B), airflow obstruction  (O), 
dyspnea  (D) and exercise capacity  (E); sPAP=systolic pulmonary 
arterial pressure; CRP=C‑reactive protein; TNF‑α = tumor 
necrosis factor alpha; IL‑6=interleukin‑6; IL‑8=interleukin‑8; 
IL‑18=interleukin‑18
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Table 2: Demographic characteristics, functional parameters, and inflammation markers of the COPD groups
Variables Group A Group B Group C Group D P

(n:22) (n:20) (n:8) (n:10)
Age [years] 63.95±11.9 65.1±9.73 69.5±6.7 62.8±9.58 0.660
Sex [n (%)] F/M 0 (0)/22 (100) 1 (5)/19 (95) 0 (0)/8 (100) 1 (10)/9 (90) 0.550
BMI [kg/m2] 25±4.07 24.46±4.25 24.76±3.46 23.6±4.79 0.827
Smoking index 40 (17‑52.5) 45 (30‑52) 53 (27‑80) 37 (35‑48.5) 0.562
FVC [L] 3.72±0.96bc 3.32±0.84bc 2.86±0.55 2.16±0.55 <0.001
FVC (% pred.) 88.82±18,71bc 86.1±17,09bc 78.2±20.1c 58,5±9,04 <0,001
FEV1 [L] 2.3±0.68bc 2.05±0.59bc 1.52±0.41c 0.92±0,21 <0.001
FEV1 (% pred.) 76.13±12.36bc 72.7±16.43bc 58.9±18.6c 33.9±5.15 <0.001
FEV1/FVC 61.68±8.4bc 61.5±6.88bc 52.5±6.94c 43.2±7.68 <0.001
Oxygen saturation 97 (95.75‑98) 96 (95‑97) 96.5 (95.25‑97) 96 (94.75‑97) 0.356
6MWT [m] 454 (379.5‑504.75)abc 385 (283.55‑467.5)bc 419.5 (363‑454)c 317.4 (153‑345.75) 0.003
CAT 3.5 (2‑4.25)abc 13.5 (10‑17.75)bc 5 (4‑5.75)c 19 (16.5‑22.5) <0.001
mMRC 1 (1‑1)ac 2 (1‑2)bc 1 (1‑1)c 3 (2‑3) <0.001
BODE 0 (0‑1)abc 1 (1‑2.75)bc 1 (1‑2)c 6 (5‑7.25) <0.001
CRP [mg/L] 2.43±1.26 2.07±1.42 3.12±0.89 1.94±0.92 0.162
Fibrinogen [mg/dl] 306.95 (266.37‑348.25) 339.75 (300.5‑375.2) 331.6 (303.7‑357.45) 351.9 (284.72‑382.37) 0.207
TNF‑α [pg/ml] 23.61 (18.48‑28.17)abc 44.57 (22.97‑71.53)bc 27.31 (19.75‑47.68)c 50.44 (19.74‑107.11) 0.045
IL‑6 [pg/ml] 20.78 (15.39‑30.09)ac 38.23 (23.03‑64.8)bc 25.09 (11.27‑36.47)c 61.96 (34.26‑133.31) 0.002
IL‑8 [pg/ml] 62.69 (30.73‑135.32) 105 (35.96‑170.5) 101.66 (88.64‑192.62) 50.64 (27.53‑89.93) 0.246
IL‑18 [pg/ml] 35 (32.5‑42.5) 40 (36.56‑60) 41.87 (33.75‑50) 40.62 (30.93‑69.37) 0.266
sPAP [mmHg] 28 (24‑32) 30 (28‑31) 31 (25‑33.5) 32 (26.5‑35) 0.318
Data presented as mean±standard deviation or median (25th ‑ 75th percentiles). aDifferent from group B; bDifferent from group C; cDifferent 
from group D; COPD=chronic obstructive pulmonary disease; BMI=body mass index; FVC=forced vital capacity; % pred.=percent predicted; 
FEV1=forced expiratory volume in one second; spO2=pulse oxygen saturation; 6MWT=6‑minute walk test; CAT=COPD assessment test; 
mMRC=modified Medical British Research Council dyspnea questionnaire; BODE=BMI (B), airflow obstruction (O), dyspnea (D) and exercise 
capacity (E); CRP=C‑reactive protein; TNF‑α = tumor necrosis factor alpha; IL‑6=interleukin‑6; IL‑8=interleukin‑8; IL 18=interleukin‑18; 
sPAP=systolic pulmonary arterial pressure

Table 3: The correlations of inflammatory parameters with functional parameters in COPD patients
Variables CRP TNF‑α IL‑18 IL‑6 IL‑8 Fibrinogen
FVC [L] r 0.068 −0.167 −0.020 −0.271* 0.048 −0.131

p 0.605 0.201 0.878 0.036 0.715 0.317
n 60 60 60 60 60 60

FEV1 [L] r 0.126 −0.226 −0.052 −0.278* 0.028 −0.094
p 0.336 0.083 0.692 0.031 0.834 0.477
n 60 60 60 60 60 60

FEV1 (% pred.) r 0.176 −0.271* −0.095 −0.296* 0.116 0.021
p 0.180 0.036 0.470 0.021 0.379 0.874
n 60 60 60 60 60 60

FEV1/FVC r 0.239 −0.268* −0.115 −0.200 −0.019 0.012
p 0.066 0.038 0.381 0.125 0.888 0.926
n 60 60 60 60 60 60

6MWT [m] r 0.003 0.033 −0.317* −0.423** −0.143 −0.107
p 0.983 0.804 0.014 0.001 0.276 0.416
n 60 60 60 60 60 60

CAT r −0.207 0.279 0.178 0.360** 0.048 0.170
p 0.113 0.031* 0.174 0.005 0.714 0.193
n 60 60 60 60 60 60

mMRC r −0.425** 0.475** 0.198 0.494** −0.130 0.080
p 0.001 0.0001 0.130 0.001 0.321 0.546
n 60 60 60 60 60 60

Contd...
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disease severity  (i.e.  BMI, spO2 and sPAP) and COPD 
risk factors  (i.e.  age, sex, and smoking index) were 
comparable between the COPD groups  (P  >  0.05). The 
lowest values for spirometric parameters were recorded 
in Group  D, and the values were gradually increased in 
Groups C, B, and A, respectively. The lowest 6MWT and 
BODE index score results were recorded in Group  D, 
while scores in Groups  B, C, and A were higher. Higher 
mMRC and CAT scores were recorded in Groups  B and 
D, in agreement with the GOLD classification, as patients 
in both of these groups are classified as symptomatic.

In the evaluation of the inflammation markers, the 
levels of CRP, fibrinogen, IL‑8, and IL‑18 were not 
statistically significantly different between the groups 
according to the GOLD classification  (P  >  0.05). 
Group  D had the highest levels of IL‑6 and TNF‑α, 
and the levels gradually decreased in Groups  B, C, 
and A, respectively  (P  <  0.05). The inflammation 
markers, functional parameters and the demographic 
characteristics of the patients in accordance with GOLD 
classification are presented in Table 2.

The correlation analysis between the inflammatory and 
functional parameters indicated that the FVC  (L) and 
FEV1 (L) had a negative correlation with the IL‑6 level 
and the FEV1/FVC had a negative correlation with the 
TNF‑α level. A negative correlation was shown between 
FEV1  (%) and both the TNF‑α and IL‑6. A  negative 
correlation was present between the 6MWT performance 
and IL‑6 and IL‑18 levels. The CAT score and the 
mMRC showed a positive correlation with the TNF‑α 
and IL‑6 levels, and there was a positive correlation 
between BODE index score and TNF‑α, IL‑6, and IL‑18 
levels. The correlations of the inflammatory markers 
with the functional parameters in patients with COPD 
are presented in Table 3.

Discussion
In our study, the relationship between inflammatory 
markers and COPD was assessed in the light of the 
GOLD classification 2017 report, which excluded the 
term of inflammation from the definition. The GOLD 
classification is based on the practicalities of treatment 

of this complex and heterogeneous disease, and may 
not be reliable in predicting disease severity and 
prognosis. The outcomes of the current study indicated a 
significant correlation between the inflammation markers 
and BODE index score, and therefore it is certain that 
there is a need for further studies investigating the 
phenotypical characteristics of systemic inflammation in 
patients classified as GOLD group B.

The effects of genetic, biological, clinical, and 
environmental factors are important in disease 
management and determining the severity of chronic 
diseases. Therefore, interactions between these 
determinants should be taken into consideration. In 
COPD patients, body mass poses a risk factor for 
morbidity and mortality, and recent studies have 
revealed that the number of patients with low BMI in 
advanced stages of disease has increased, as determined 
by spirometry.[9,10] In addition to cachexia, the incidence 
of myofibrillary protein destruction is also high among 
COPD patients.[11] This leads to structural deformities 
in skeletal muscle, resulting in limited mobility.[12] In 
patients with COPD, exercise capacity is a powerful 
determinant of quality of life and mortality.[13] In the 
present study, the BMI values were lower in COPD 
patients compared to the control subjects, which 
was consistent with previous findings in literature, 
although the COPD sub‑groups did not have significant 
differences.

Although stable endotypic characteristics for COPD 
have not yet been defined clearly, several studies have 
indicated a cross‑sectional relationship of various 
biological markers with mortality and morbidity in 
COPD. For example, in the ‘Evaluation of COPD 
Longitudinally to Identify Predictive Surrogate 
End‑points (ECLIPSE)’ study, 16% of patients exhibited 
elevations in 2 or more systemic inflammatory 
indicators, which were not increased at all in 30% of the 
patients, providing further evidence of the heterogeneous 
nature of COPD endotypes.[14] In the current study, we 
showed elevated levels of several inflammatory factors 
including CRP, TNF‑α, fibrinogen, IL‑6,  ‑8 and  ‑18 
were in COPD group, in agreement with previous 

Table 3: Contd...
Variables CRP TNF‑α IL‑18 IL‑6 IL‑8 Fibrinogen
BODE r −0.319* 0.367** 0.294* 0.541** 0.029 0.161

p 0.014 0.004 0.024 0.001 0.830 0.224
n 59 59 59 59 59 59

* P<0.05, **p<0.01, COPD=chronic obstructive pulmonary disease; BMI=body mass index; FVC=forced vital capacity; FEV1=forced expiratory 
volume in one second; % pred.=percent predicted; 6MWT=6‑minute walk test; CAT=COPD assessment test; mMRC=modified Medical British 
Research Council dyspnea questionnaire; BODE=BMI (B), airflow obstruction (O), dyspnea (D) and exercise capacity (E); sPAP=systolic 
pulmonary arterial pressure; CRP=C‑reactive protein; TNF‑α = tumor necrosis factor alpha; IL‑6=interleukin‑6; IL‑8=interleukin‑8; IL 
18=interleukin‑18
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studies reporting that IL‑6, IL‑8, TNF‑α, CRP and 
fibrinogen levels were higher in COPD patients than in 
control groups.[14‑17] Agusti et al. reported that patients in 
COPD group had elevated levels of fibrinogen, CRP and 
IL‑6 levels compared to both smoker and non‑smoker 
control subjects. The same study also found that the 
levels of TNF‑α and IL‑8 were elevated in the smoker 
non‑COPD group and this effect was attributed to 
smoking.[14] Although studies with different results have 
been published, in the current study, we showed higher 
levels of IL‑8 and TNF‑α in patients with COPD, and 
our results are consistent with most of the studies in 
literature. The higher smoking rate in the COPD group 
can be considered to have contributed to these findings.

Currently, COPD is considered a hypernym, with patients 
presenting with distinct clinical, pathophysiological and 
radiological phenotypes.[18] These COPD phenotypes 
can differ in symptoms, exacerbations, response to 
treatment, prognosis and/or mortality. The efficacy of 
the staging systems established for disease management 
in predicting the prognosis of COPD is debatable. Until 
recently, the staging only utilized the FEV1 values, but 
the FEV1 value alone is inadequate for the prediction 
of prognosis and mortality. Celli et  al. have monitored 
COPD patients for three years revealed that the most 
important factors in predicting mortality were age, 
BODE index score and a history of hospitalization.[19]

The ABCD GOLD classification, which takes into 
account the presence of symptoms and exacerbation 
risk, is superior to the staging system using FEV1 
for the prediction of exacerbations,[20,21] although not 
superior in respect of predicting mortality.[20,22‑24] The 
efficacy of the GOLD classification is controversial with 
regard to predicting mortality and prognosis in patients 
with COPD. A  recent study using this classification 
has shown that group  C patients are considered a 
high‑risk group, while the mortality rates were higher 
in group  B patients than group  C patients.[25] Lange 
et  al. have reported that patients in GOLD groups  B 
and D had higher mortality rates than those in GOLD 
groups A and C.[21] In addition, in GOLD groups B and 
D, comorbidity rates were also higher, which the authors 
argued might have influenced the mortality rates. 
Johannessen et  al. found that the respiratory‑related 
and overall mortality rates were higher in group  B than 
group C patients, which they attributed to the superiority 
of dyspnea in predicting mortality.[23] Soriano et  al. and 
Agusti et  al., have shown comparable mortality rates 
in patient groups B and C.[24,26] In the current study, the 
BODE index score, which is used to predict mortality, 
was elevated in GOLD groups  B and D compared to 
those in groups  C and A. Although it was thought that 

the increased mortality rate in GOLD group  B was 
associated with the higher rate of comorbidities,[21] the 
COPD patients in the current study had no comorbidities, 
suggesting that inflammation might play an independent 
role in mortality in patients with GOLD group B.

Agusti et  al. reported that the highest rate of persistent 
systemic inflammation was in GOLD group B, followed 
by GOLD group  D.[26] In the current study, IL‑6 
and TNF‑α levels were higher in patients in GOLD 
groups  B or D compared to those in GOLD groups  A 
or C  (P  =  0.045 and P  =  0.02, respectively). Another 
study revealed that the inclusion of inflammatory 
biomarkers in evaluation via clinical predictor variables 
was superior in predicting mortality and that IL‑6 was 
the most prominent of these markers.[19] Yet another 
study has suggested that IL‑6 might have an effect on 
increased mortality risk in respiratory disorders.[27]

In the current study, the BODE index score, which is 
utilized in predicting mortality, had a positive correlation 
with IL‑18, IL‑6 and TNF‑α, similar to a report by 
Khan et  al., who also reported a positive correlation 
between BODE index and IL‑6, TNF‑α and CRP.[28] 
They also found that IL‑6 had a negative correlation 
with FEV1  (%) and a positive correlation with 6MWT 
and mMRC. In our study, IL‑6 was determined to be 
positively correlated with the CAT score and mMRC 
and negatively correlated with the FVC  (L), FEV1  (L), 
FEV1 (%) and the 6MWT result.

Last but not the least, some other factors such 
extracellular vesicles (EV) and dysfunctional endothelium 
of lung may be effecting the pathophysiology of 
COPD, resulting in increased levels of inflammation 
and increased frequency of exacerbations. It has been 
reported that a dysfunctional epithelium can increase 
inflammation in lungs by upregulating the expression of 
cell adhesion molecules such as intracellular adhesion 
molecule‑1  (ICAM‑1) or platelet endothelial cell 
adhesion molecule‑1  (PECAM‑1) via transendothelial 
migration. In addition, endothelial apoptosis and cell 
senescence may contribute to the pathogenesis of 
COPD.[29]

In recent years, a body of evidence has shown the 
importance of EV in COPD development. EV are 
nano‑sized particles which are composed of lipid 
and proteins and are classified as apoptotic bodies, 
exosomes, microvesicles and exosomes, depending 
on their sedimentation rates in centrifugation. 
Microvesicles  (MV) can be released from almost any 
cell and they are mainly originated from endothelium, 
platelets and leukocytes. Microvesicles can play roles 
in proinflammatory reactions such as releasing the 

[Downloaded free from http://www.njcponline.com on Monday, August 30, 2021, IP: 197.90.44.238]



Yazici, et al.: COPD and systemic inflammation

823Nigerian Journal of Clinical Practice  ¦  Volume 23  ¦  Issue 6  ¦  June 2020

proinflammatory cytokines, activating the endothelial 
and immune cells, increasing leukocyte mobility and 
generating monomeric CRPs. Further, they have roles 
in anti‑inflammatory activities such as releasing the 
anti‑inflammatory cytokines and reducing sepsis  (for 
leukocyte derived MVs) that suppress the endothelial 
cell activation  (for endothelium derived MVs) and the 
leukocyte activation  (for platelet derived MVs).[30,31] 
It is known that smoking, oxidative stress, bacterial 
and viral infections and other hazardous substances 
irritate the bronchial epithelial cells which is the lining 
of the airways, resulting in increased MV release and 
increased inflammation and exacerbations in patients 
with COPD.[32] Even though it is possible to isolate 
MVs from the bodily fluids  (similar to liquid biopsy) 
by centrifugation which makes them ideal for diagnostic 
purposes, technical difficulties such as lack of a 
standardized protocol, inconsistent results of different 
studies, differences in methods and need for specialized 
equipment are the major downsides of MVs to be used 
for diagnostic purposes.[30] However, in the future, it 
may be possible to these particles.

There were some limitations to the current study. The 
participants were relatively low in number and thus the 
human data was limited, although it can be considered 
that there was sufficient evidence and details of the 
role of inflammation in COPD provided by the subjects 
selected through independent random sampling. Further 
studies with greater numbers of patients would provide 
stronger data.

Conclusion
The systemic inflammatory markers were higher in the 
patients with COPD than the subjects in the control 
group and in patients classified as GOLD groups B and 
D than those in GOLD groups A and C. While GOLD 
group  D defines symptomatic COPD patients with an 
increased exacerbation risk, GOLD group  B covers 
symptomatic patients with no risk of exacerbation. The 
current study finding of higher levels of inflammatory 
markers in GOLD groups  B and D patients raises the 
question of whether bronchodilator treatment might be 
convenient for patients in GOLD group  B and suggests 
that some patients might benefit from anti‑inflammatory 
treatment. A  significant correlation between the 
inflammation markers and the BODE index score found 
in the current study supports this suggestion.

Financial support and sponsorship
This research received support from the Research Fund 
of the Adnan Menderes University. Project number: 
TPF‑16008.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Global Strategy for the Diagnosis, Management and Prevention 

of COPD, Global Initiative for Chronic Obstructive Lung 
Disease (GOLD) 2017. Available from: http://goldcopd.org.

2.	 Turkish Thoracic Society, COPD Working Group. Report 
of COPD Prevention, Diagnosis and Treatment 2014  [cited 
2015 Mar 27]. Available from: www. toraks.org.tr.

3.	 Global Strategy for the Diagnosis, Management and Prevention 
of COPD, Global Initiative for Chronic Obstructive Lung 
Disease  (GOLD) 2011. Available from: http://www.goldcopd.
org/.

4.	 Bestall  JC, Paul  EA, Garrod  R, Garnham  R, Jones  PW, 
Wedzicha  JA. Usefulness of the Medical Research 
Council  (MRC) dyspnea scale as a measure of disability 
in patients with chronic obstructive pulmonary disease. 
Thora×1999;54:581‑6.

5.	 Jones  PW, Harding  G, Berry  P, Wiklund  I, Chen  WH, 
Kline Leidy  N. Development and first validation of the COPD 
Assessment Test. Eur Respir J 2009;34:648‑54.

6.	 Miller  MR, Crapo  R, Hankinson  J, Brusasco  V, Burgos  F, 
Casaburi  R, et  al. General considerations for lung function 
testing. Eur Respir J 2005;26:153‑61.

7.	 Enright  PL, Sherrill  DL. Reference equations for the six‑minute 
walk in healthy subjects. Am J Respir Crit Care Med 
1998;158:1384‑7.

8.	 Celli BR, Cote CG, Marin  JM, Casanova C, Montes de Oca M, 
Mendez  RA, et  al. The body‑mass index, airflow obstruction, 
dyspnea, and exercise capacity index in chronic obstructive 
pulmonary disease. N Engl J Med 2004;350:1005‑12.

9.	 Steuten  LM, Creutzberg  EC, Vrijhoef HJ, Wouters  EF. Copd as 
a multicomponent disease: Inventory of dyspnoea, underweight, 
obesity and fat free mass depletion in primary care. Prim Care 
Respir J 2006;15:84‑91.

10.	 Vestbo  J, Prescott  E, Almdal  T, Dahl  M, Nordestgaard  BG, 
Andersen T, et al. Body mass, fat‑free body mass, and prognosis 
in patients with chronic obstructive pulmonary disease from a 
random population sample: Findings from the Copenhagen City 
Heart Study. Am J Respir Crit Care Med 2006;173:79‑83.

11.	 Rutten  EP, Franssen  FM, Engelen MP, Wouters  EF, Deutz  NE, 
Schols AM. Greater whole‑body myofibrillar protein breakdown 
in cachectic patients with chronic obstructive pulmonary disease. 
Am J Clin Nutr 2006;83:829‑34.

12.	 O’Donnell  DE, Laveneziana  P. Dyspnea and activity limitation 
in COPD: Mechanical factors. COPD 2007;4:225‑36.

13.	 Chailleux E, Laaban JP, Veale D. Prognostic value of nutritional 
depletion in patients with COPD treated by long‑term 
oxygen therapy: Data from the ANTADIR observatory. Chest 
2003;123:1460‑6.

14.	 Agustí A, Edwards  LD, Rennard  SI, MacNee  W, Tal‑Singer  R, 
Miller  BE, et  al. Persistent systemic inflammation is associated 
with poor clinical outcomes in COPD: A novel phenotype. PLoS 
One 2012;7:e37483.

15.	 Fabbri  LM, Rabe  KF. From COPD to chronic systemic 
inflammatory syndrome ? Lancet 2007;370:797‑9.

16.	 Gan  WQ, Man  SF, Senthilselvan  A, Sin  DD. Association 
between chronic obstructive pulmonary disease and systemic 
inflammation: A  systematic review and a meta‑analysis. Thorax 
2004;59:574‑80.

17.	 Agustí A. Systemic effects of chronic obstructive pulmonary 

[Downloaded free from http://www.njcponline.com on Monday, August 30, 2021, IP: 197.90.44.238]



Yazici, et al.: COPD and systemic inflammation

824 Nigerian Journal of Clinical Practice  ¦  Volume 23  ¦  Issue 6  ¦  June 2020

disease: What we know and what we don’t know  (but Should). 
Proc Am Thorac Soc 2007;4:522‑5.

18.	 Friedlander AL, Lynch D, Dyar  LA, Bowler  RP. Phenotypes of 
chronic obstructive pulmonary disease. COPD 2007;4:355‑84.

19.	 Celli  BR, Locantore  N, Yates  J, Tal‑Singer  R, Miller  BE, 
Bakke  P, et  al. Inflammatory biomarkers improve clinical 
prediction of mortality in chronic obstructive pulmonary disease. 
Am J Respir Crit Care Med 2012;185:1065‑72.

20.	 Goossens  LM, Leimer  I, Metzdorf  N, Becker  K, Rutten‑van 
Mölken MP, Rutten‑vanMolkenm  MP. Does the 2013 gold 
classification improve the ability to predict lung function decline, 
exacerbations and mortality: A  post‑hoc analysis of the 4‑year 
UPLIFT trial. BMC Pulm Med 2014;14:163.

21.	 Lange  P, Marott  JL, Vestbo  J, Olsen  KR, Ingebrigtsen  TS, 
Dahl  M, et  al. Prediction of the clinical course of chronic 
obstructive pulmonary disease, using the new gold classification: 
A  study of the general population. Am J Respir Crit Care Med 
2012;186:975‑81.

22.	 Leivseth  L, Brumpton  BM, Nilsen  TI, Mai  XM, Johnsen  R, 
Langhammer  A. Gold classifications and mortality in chronic 
obstructive pulmonary disease: The HUNT study, Norway. 
Thorax 2013;68:914‑21.

23.	 Johannessen  A, Nilsen  RM, Storebø M, Gulsvik  A, Eagan  T, 
Bakke  P. Comparison of 2011 and 2007 global initiative for 
chronic obstructive lung disease guidelines for predicting 
mortality and hospitalization. Am J Respir Crit Care Med 
2013;188:51‑9.

24.	 Soriano  JB, Lamprecht  B, Ramírez AS, Martinez‑Camblor  P, 
Kaiser  B, Alfageme  I, et  al. Mortality prediction in chronic 
obstructive pulmonary disease comparing the gold 2007 and 
2011 staging systems: A  pooled analysis of individual patient 

data. Lancet Respir Med 2015;3:443‑50.
25.	 Gedebjerg A, Szépligeti SK, Wackerhausen LH, Horváth‑Puhó E, 

Dahl  R, Hansen  JG, et  al. Prediction of mortality in patients 
with chronic obstructive pulmonary disease with the new 
Global Initiative for Chronic Obstructive Lung Disease 2017 
classification: A cohort study. Lancet Respir Med 2018;6:204‑12.

26.	 Agusti  A, Edwards  LD, Celli  B, Macnee  W, Calverley  PM, 
Müllerova H, et al. Characteristics, stability and outcomes of the 
2011 gold COPD groups in the ECLIPSE cohort. Eur Respir J 
2013;42:636‑46.

27.	 Mehrotra  N, Freire  AX, Bauer  DC, Harris  TB, Newman  AB, 
Kritchevsky SB, et al. Health ABC Study. Predictors of mortality 
in elderly subjects with obstructive airway disease: The PILE 
score. Ann Epidemiol 2010;20:223‑32.

28.	 Khan  NA, Daga  MK, Ahmad  I, Mawari  G, Kumar  S, 
Kumar  N, et  al. Evaluation of BODE index and its relationship 
with systemic inflammation mediated by proinflammatory 
biomarkers in patient swith COPD. J  Inflamm Res eCollection 
2016;9:187‑98.

29.	 Green  CE, Turner  AM. The role of the endothelium in asthma 
and chronic obstructive pulmonary disease  (COPD). Respir Res 
2017;18:20.

30.	 Takahashi  T, Kubo  H. The role of microparticles in chronic 
obstructive pulmonary disease. Int J Chron Obstruct Pulmon Dis 
2014;9:303‑14.

31.	 Słomka A, Urban  SK, Lukacs‑Kornek  V, Żekanowska E, 
Kornek M. Large extracellular vesicles: Have we found the holy 
grail of inflammation? Front Immunol 2018;9:2723.

32.	 Kadota T, Fujita Y, Yoshioka Y, Araya  J, Kuwano K, Ochiya T, 
et  al. Extracellular vesicles in chronic obstructive pulmonary 
disease. Int J Mol Sci 2016;17:1801.

[Downloaded free from http://www.njcponline.com on Monday, August 30, 2021, IP: 197.90.44.238]


