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Background: COPD exacerbation is characterized by both airway and systemic 
inflammation. The present study aimed to investigate the relationship between 
serum levels of some inflammatory biomarkers and the phenotypes of COPD 
exacerbation.  
Materials and Methods: This study includes known COPD patients, presenting 
to a hospital with acute exacerbation of COPD. Serum levels of CRP, ESR, CBC, 
TNF-α, IL-8, and IL-6 were measured at the time of admission. According to the 
previously done HRCT, the patients were divided into two groups including 
emphysema and chronic bronchitis. Levels of serum biomarkers were 
compared in the two groups. The relationships between biomarkers and 
duration of hospitalization were assessed too. 
 Results: Comparison of quantitative CRP levels, WBC, and platelet counts did 
not show a statistically significant difference between emphysema and chronic 
bronchitis but it was significantly higher than control subjects. Although not 
statistically significant, ESR level was higher in emphysema. TNF-alpha was 
6.0±1.5 ng / ml and 1.5 ng / ml in the emphysema and chronic bronchitis 
groups, respectively. TNF-α had no significant difference compared to the 
groups. Although higher than the control group, IL-6 and IL-8 did not show 
significant differences between emphysema and chronic bronchitis. The two 
groups did not statistically differ in terms of hospital stay but patients with 
higher serum TNF-α tended to have longer hospitalization and ICU admission. 
Conclusion: The present study showed predictably higher inflammatory 
biomarkers in COPD exacerbation but no significant difference between the two 
phenotypes of COPD and these two entities could not be discriminated based 
on inflammatory bio-factors. 

 
Keywords: Chronic obstructive pulmonary disease; Emphysema; 
Chronic bronchitis;  Tumor necrosis factor- α (TNF-α)  
 

1 Thoracic Research Center, Tehran University of 
Medical Science, Tehran, Iran, 2 Clinical Tuberculosis 
and Epidemiology Research Center, National Research 
Institute of Tuberculosis and Lung Diseases (NRITLD), 
Shahid Beheshti University of Medical Sciences, Tehran, 
Iran, 3 Tracheal Diseases Research Center, NRITLD, 
Shahid Beheshti University of Medical Sciences, Tehran, 
Iran, 4 Chronic Respiratory Diseases Research Center, 
NRITLD, Shahid Beheshti University of Medical 
Sciences, Tehran, Iran,    5 Division of Pulmonary and 
Critical Care Medicine, Johns Hopkins University, 
Baltimore, MD 21218, USA.  
 
Received: 3 July 2022 

Accepted: 7 March 2023 

 

Correspondence to: Eslaminejad A 

Address: Chronic Respiratory Diseases Research 

Center, NRITLD, Shahid Beheshti University of 

Medical Sciences, Tehran, Iran 

Email address: eslaminejadalireza@sbmu.ac.ir 

  

 
 
INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is 

globally defined as irreversible airflow limitation in the 

airways. The disease is often progressive. (1). COPD is a 

combination of  airway obstruction and systemic 

inflammation pointing out the fact that more severe 

disease probably results in higher serum level of some 

inflammatory biomarkers during COPD exacerbations (2). 

Evidence shows also systemic inflammation even in stable 

COPD (3). Therefore, there is a theory to count COPD as a 

part of a chronic systemic inflammatory syndrome (4).  It 

seems that C-reactive protein (CRP) and fibrinogen may be 
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the most known inflammatory markers in during both 

stable COPD and exacerbations (2, 5-7).  
Some authors have attempted to study to know more 

about the disease and concluded  that COPD patients with 
HRCT-confirmed emphysema are showed more severe 
lung function impairment, more intense airway 
inflammation, and possibly more serious systemic 
dysfunction(8). There is no established consensus for the 
assessment of inflammatory biomarkers in COPD, 
although identification of specific biomarkers of disease 
severity might potentially influence a targeted-therapy.  

Considering that COPD is an inflammatory process, 
providing specific therapeutic protocols based on etiologic 
biomolecules, viruses, bacteria etc. may be possible and 
can potentially reduce unnecessary antibiotic therapy. 
Over 130 biomarkers have been studied from 2000 to 2015 
including: CRP, interleukins, tumor necrosis factor (TNF) 
superfamily, chemokines, brain natriuretic peptide (BNP), 
molecules involved in collagen synthesis i.e. 
metalloproteinase, and many other (9-11). Technical 
differences in measurements of biomarkers 
(immunometric, immunoturbidimetric, latex agglutination, 
and ELISA) can cause a variation in results; thus, doing 
more research can increase statistical power for estimation 
of tests' sensitivity and specificity.  

The aim of the present study was to assess IL8, IL6, 

TNF-α, leukocyte count, platelet count, ESR, and 

quantitative CRP in acute exacerbations of both COPD 

phenotypes (emphysema and chronic bronchitis) and 

comparison with normal population to help to gather 

detailed information about inflammatory biomarkers in 

COPD in Iranian population.   

 
MATERIALS AND METHODS 
Subjects and study design 

Through a cross-sectional study, a total number of 42 

known COPD patients enrolled the current study among 

whom 22 were confirmed emphysematous cases by 

previously done HRCT, and the other 20 were diagnosed 

as chronic bronchitis without emphysema in HRCT.  The 

sampling was done in the April-September interval to 

remove possible confounding effect of cold weather. Our 

inclusion criteria were known COPD patients with an 

increased  intensity of dyspnea and sputum production 

according to the Global Initiative for Chronic Obstructive 

Lung Disease (GOLD) criteria (12), while comorbidities 

including coronary artery disease, pulmonary tuberculosis,  

primary and metastatic lung malignancies were 

meticulously excluded. No patients had been receiving any 

form of corticosteroids for 4 weeks prior to sample 

collection. Our control group included apparently healthy 

smokers with a normal spirometry.  A blood sample was 

taken in the first 6 hours of admission from patients who 

had  hospital admission indication according to the GOLD 

criteria (acute respiratory failure, onset of new physical 

signs (e.g., cyanosis), failure to respond to initial medical 

management, severe symptoms such as sudden worsening 

of resting dyspnea or tachypnea and/or decreased 

saturation) (12). IL8, IL6, and TNF-α were measured with 

commercial ELISA kits (Biosource Europe®, Nivelles, 

Belgium) and quantitative CRP was measured by 

immunonephelometry (Behring Nephelometer Analyzer 

II). The same measurements were done in the control 

group. The study protocol was approved by the local ethics 

committee at the coordinating center (Tehran University of 

Medical Science) and has been performed in accordance 

with the ethical standards laid down in the 2000 

Declaration of Helsinki. All patients provided their written 

informed consent before sampling. 
Statistical analysis 

Data are expressed as mean ± SD or as median 

(interquartile ranges) for quantitative descriptive analysis 

of normally distributed and skewed data, respectively. 

Comparisons of biomarkers between COPD patients with 

and without emphysema were performed with Mann-

Whitney U and independent Student’s t-tests for skewed 

and normally distributed variables, respectively. 

Correlations were assessed using Spearman’s and 

Pearson’s correlation coefficients for skewed and normally 

distributed variables, respectively. Correlations between 

nominal variables were assessed using chi-square or 

fisher's exact tests. P values <0.05 were considered 

statistically significant. Analysis was performed with SPSS 

20 (SPSS, Chicago, IL). 
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RESULTS 
A total of 42 COPD patients were enrolled in the 

present study (22 and 20 in emphysema and chronic 
bronchitis groups, respectively). Females made up 9.1% of 
patients in emphysema group and 25% of patients in 
chronic bronchitis group. The mean age of the participants 
was 64.7 ± 11.74 years which ranged from 37 to 87 years of 
age. Kolmogorov-Smirnov test showed that age 
distribution among the two groups was normal. The mean 
ages of the patients in emphysema and chronic bronchitis 
group were 66.3 ± 2.3 and 63 ± 2.6, respectively, with no 
significant difference. 
Biomarkers 

Comparison of quantitative CRP levels did not show 

statistically significant difference between the groups 

(Table 1). Comparison of ESR levels between emphysema 

and chronic bronchitis groups showed that ESR levels were 

higher among emphysema patients but not statistically 

significant. White blood cell and platelet counts were 

approximately similar in two groups without a significant 

difference, although white blood cells were not categorized 

by their subtypes, which could provide useful information.  

For determining normal levels of IL-6, IL-8, and TNF-α, 

we used previous studies, so that normal levels of IL-6, IL-

8, and TNF-α in control groups were 2.5, 1.55 and 1.9 

pg/ml, respectively (50). Our study showed that 

interleukins 6 and 8 levels did not significantly             

differ between emphysema and chronic bronchitis groups 

(Table 2).  

 
Table 1. Mean levels of inflammatory biomarkers and their distribution. 
 

Disease Feature CRP  mg/L ESR mm/hr 
WBC 

(1000/µl) 
IL8 (pg/ml) IL6 pg/ml TNF (ng/ml) PLT 1000/µl 

Duration 
days 

Emphysema N 22 22 22 23 20 23 23 23 
  Mean±SD 40.13±27.04 45.86±38.71 11.32±6.3 24.32±15.54 17.16±21.74 16.89±73.24 241.95±80.28 8.56±3.88 
Chronic Bronchitis  N 21 19 20 21 19 21 21 21 
  Mean±SD 25.8±23.34 41.94±38.59 9.6±3.19 21.36±14.22 19.3±26.2 50.91±168.61 215.33±77.81 11.28±2.14 
 
Table 2. Comparison of biomarkers in COPD, emphysema, and chronic bronchitis against control group according to reference point 
 
Biomarker Disease (Feature) Reference N Observed prop. Test prop. Sig 

IL-6 

COPD 
≤ 1.55 5 0.13 

0.50 <0.001 
>1.55 34 0.87 

Emphysema 
≤ 1.55 2 0.10 

0.50 <0.001 
>1.55 18 0.9 

Chronic Bronchitis 
≤ 3 3 0.16 

0.50 0.004 
>3 16 0.84 

IL-8 

COPD 
≤2.5 0 0.0 

0.50 <0.001 
>2.5 44 1.0 

Emphysema 
≤2.5 0 0.0 

0.50 <0.001 
>2.5 23 1.0 

Chronic Bronchitis 
≤2.5 0 0.0 

0.50 <0.001 
>2.5 21 1.0 

TNF-α 

COPD 
≤1.9 33 0.75 

0.50 <0.001 
>1.9 1 0.25 

Emphysema 
≤1.9 18 0.78 

0.50 0.011 
>1.9 5 0.22 

Chronic Bronchitis 
≤1.9 15 0.71 

0.50 0.078 
>1.9 6 0.29 
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The mean serum levels of TNF-α in emphysema and 

chronic bronchitis were 6.01±5 ng/ml and 1.5 ng/ml, 

respectively. Since TNF-α level was undetectable in some 

patients; this should be repeated with a sufficient sample 

size. TNF-α levels did not significantly differ between     

the chronic bronchitis group and controls [Exact Sig.        

(2-tailed) =0.78].  

The mean hospital stay was 8.56±3.88 and 11.28±2.14 

days in emphysema and chronic bronchitis groups, 

respectively. Although, there was not a significant 

difference in duration of hospitalization between the two 

groups, the patients with higher TNF-α levels tended to 

have longer hospital stay which was statistically significant 

with a spearman's correlation coefficient of 0.73. 

 
DISCUSSION 

Biomarkers with potential utility in the diagnosis, 

prognosis, and monitoring of the natural history of COPD 

and the effect of therapeutic interventions, are being 

widely researched in the last decade (13). Different 

methodologies including exhaled breath, sputum, nasal 

secretions, serum, bronchoalveolar lavage (BAL), and 

tissue has been used for obtaining and analyzing biofluid. 

Serum specimens are more accessible, easier to be analyzed 

by laboratories, and are obtained with less invasive 

techniques. In the present study, circulating levels of CRP, 

ESR, white blood cells, platelets, IL-6, IL-8, and TNF-α 

were measured in two phenotypes of COPD patients 

(chronic bronchitis and emphysema groups) and compared 

with the control group.  

No differences were detected in quantitative CRP levels 

between emphysema and chronic bronchitis groups, 

although they were significantly higher than control 

group.  

CRP was reported with a weak and inverse correlated 

biomarker with the forced expiratory volume in the first 

second (FEV1) (14, 15) while neither ESR, nor CRP were 

reliable markers of COPD severity (15). CRP seems to be 

potentially crucial not only in spirometry, but also in the 

fields of clinical and epidemiological aspects of COPD 

because of its reported values to predict mortality and 

cardiovascular diseases among stable COPD patients (5, 

16). It is thought that increased CRP plasma level during 

acute exacerbations of COPD may associate with of 

vascular endothelial growth factor (VEGF) up-regulation, 

which may contribute to the raised risk of cardiovascular 

complications (17-20). Nevertheless, production of CRP in 

liver fluctuates according to genetic factors, so that 

selective single-nucleotide polymorphisms in CRP gene 

may be associated with higher and/or  lower serum CRP 

levels (21, 22). In addition, different cytokines contribute to 

CRP synthesis via different molecular mechanisms and 

serum patterns of cytokines vary among COPD patients 

(23). Thus, CRP is a nonspecific inflammatory indicator 

and the question then arises: does CRP have a role in 

diagnosis and/or management of COPD in low-income 

countries? 

Increased ESR is another event in response to much 

more  acute phase proteins, fibrinogen, and 

immunoglobulins release as well as anemia (24). This may 

weaken the pure indirect inflammatory role of ESR to be 

assessed disregarding the fact that COPD, mainly if severe, 

is frequently associated with hyperfibrinogenemia and 

anemia (25, 26). This procedure may be beneficial then for 

low-income countries, where COPD prevalence is 

dramatically rising chiefly because of low costs to do (27). 

Since it is faster than ESR in response to respiratory 

infections such as pneumonia and exacerbated COPD and 

could fell down faster following antibiotic therapy, CRP 

seems more sensitive than ESR in this regard (28). 

Otherwise, delayed ESR plasma level decrease while 

decreasing CRP levels may lead us to think about a high 

risk condition of re-infection and poor health status (29). 

So, ESR and CRP could be complementary factors in the 

case of COPD severity assessment and not as alternative 

indexes in this matter  

A statistically meaningful association between severity 

of peripheral blood leukocytosis and patients' ages in 

chronic bronchitis group was seen. As the age increased, 

leukocyte counts also increased in chronic bronchitis 
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group. Differentiation between cell lines was not 

performed. Some scientists point to the importance of 

eosinophil which further studies are needed to explore the 

contribution of eosinophil to the mechanism of disease in 

COPD (30). An association between leukocytosis and 

mortality rates has been proposed in COPD patients (31). 

There was not a statistically meaningful difference in 

platelet counts between emphysema and chronic bronchitis 

groups, although a positive correlation between platelet 

counts and ESR levels was seen in emphysema group, but 

not in chronic bronchitis group. Platelet activation may 

also contribute to increased cardiovascular risk in COPD. 

Some studies proposed platelet inhibition as a therapeutic 

target (32). 

In contrast to control group, IL-6 was shown to be 

elevated in both COPD groups in our study. Ferrari et al., 

through a 3-year follow up study, introduced IL-6 as a 

useful inflammatory marker to predict poor exercise 

tolerance and higher rate and risk of mortality (33). Likely, 

ECLIPSE study endorsed that elevated IL-6 is a clinically 

useful marker predicting poor outcomes in COPD (31, 34, 

35). Recent studies support a dissociation of IL-6 from 

inflammation in the lung and suggest that this cytokine 

plays an active role in the pathogenesis of COPD (36). 

These findings could actually represent HMG-CoA 

reductase inhibitors (statins) as beneficial therapies for 

COPD patients due to their powerful inhibitory effects on 

IL-6-mediated systemic inflammation (37-40). 

Furthermore, CXCL8 (IL-8) was also shown to be at 

higher plasma levels in COPD patients when compared 

with control group in the current study. Often, increased 

numbers of macrophages and neutrophils occur in the 

lungs in COPD in association with abnormal innate 

immune response to raise interleukin-8 (CXCL8), growth-

related oncogene (CXCL1), and regulated on activation 

normal T cell expression and secretion (CCL5-RANTES) as 

potent neutrophil chemoattractants (41) which is done by a 

variety of cells in the lung including macrophages and 

epithelial cells as well as neutrophils themselves (42). 

CXCL8 binds to chemokine receptors CXCR1 and CXCR2 

to promote the influx of neutrophils into tissue sites of 

inflammation (43). Therefore, this may be a good try to 

consider both CXCR1 and CXCR2 as perfect targets in the 

case of COPD treatment (44, 45). Dual antagonists against 

CXCR1/2 may inhibit chemotaxis to a greater extent than 

CXCR2 alone (46). Corticosteroids partially suppress the 

production of neutrophil chemokines such as CXCL1 and 

CXCL8 by alveolar macrophages (47-49) and novel 

therapies are absolutely needed to inhibit the actions of 

neutrophil chemokines. 

TNF-α was shown to be elevated in exacerbation of 

COPD in emphysema group, but considering that TNF-α 

values were undetectable in some patients, the study 

should be repeated to increase the statistical power. Our 

study showed that higher TNF-α levels may be associated 

with longer hospitalization (although the differences were 

not statistically meaningful). 

Given the significant effect of smoking identified, any 

accurate interpretation of abnormal levels of inflammatory 

markers in COPD must take it into account. The fact that 

COPD patients were further categorized into emphysema 

and chronic bronchitis groups is the strength of our study, 

because as mentioned above, there may be a difference in 

pathogenesis and/or biomarker level between these two 

categories. The biomarkers we choose are investigated by 

majority of the previous studies and are often and easily 

measured in clinical practice. Our study had some 

potential limitations. First, we measured inflammatory 

biomarkers but not markers of tissue repair, and it is likely 

that the balance between inflammation and repair is 

important in COPD pathogenesis. Second, we had to 

exclude many patients because of comorbidities (e.g., heart 

failure, arrhythmias, severe hypertension) and this led to a 

less study population. Finally, TNF-α levels were 

undetectable in some patients and it needs to be repeated 

to validate the results. 

   

CONCLUSION 
The investigation of biomarkers in COPD has formed a 

new paradigm in diagnosis, risk stratification, and targeted 
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therapy which needs to be studied in different societies. 

Present study showed that inflammatory biomarkers are 

predictably higher in COPD exacerbations, in comparison 

with non-COPD smokers but possibly there is no 

significant difference in biomarker levels between 

emphysema and chronic bronchitis patients despite of 

worse lung function in emphysematous patients. These 

two entities could not be distinguished based on the 

inflammatory bio-factors. This is the first study of bio-

inflammatory markers in emphysematous and chronic 

bronchitis COPD patients in Iranian population which 

needs to be continued with larger cohort studies to 

improve prognostic and/or therapeutic understanding 

about biomarkers in COPD. 
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