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ABSTRACT

Introduction: COPD is a systemic inflammatory disorder in 
which systemic inflammation contributes to the various systemic 
effects of the disease. The disease is associated with low-grade 
systemic inflammation which is multifactorial in origin. The 
identification of these factors need to be established and their 
relative importance in causation to be identified. The aim of 
the study was to understand the pathogenesis and to see the 
relationship of systemic inflammatory markers with the severity 
of COPD in our population in which the prevalence of this disease 
is high. 
Material and methods: In this prospective case control study, 
55 stable COPD patients(GOLD stage I-IV) of both genders were 
compared with 55 normal healthy age and sex matched controls. 
The mean age of the patients was 60.2±7.385 (range 40-80 years) 
and that of controls 57.35±6.174 (range 40-78 years). Males 
constituted 69.10% in cases and 80.00% in controls. Serum hs-
CRP and TNF-α levels were measured in both groups by Elisa 
method. Quantitative data was analysed by using two sample 
independent t-test and analysis of variance and categorical data 
was analysed using Pearson chi-square / Fischer’s exact test using 
SPSS-17 software. P-value of less than 0.05 was considered to be 
statistically significant.
Results: The mean levels of hs-CRP were significantly higher 
in cases than in controls (5005.6 and 950.9 ng/ml respectively; 
p-values = 0.0001). Similarly the mean levels of TNF-α were 
higher in cases compared to controls (337.4 and 137.85 pg/
ml; p-values = 0.0001). Mean levels of hs-CRP and TNF-α 
both increased with increase in stage of the disease which was 
statistically significant (p-value= 0.0001 and 0.0001respectively). 
Patients having metabolic syndrome had significantly higher hs-
CRP and TNF-α levels compared to patients without metabolic 
syndrome irrespective of stage of disease (p-value of = 0.0001).
Conclusion: Systemic inflammation is more in COPD patients 
and it increases with increase in severity of the disease. Metabolic 
syndrome further increases systemic inflammatory process that is 
already there as a result of COPD 
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INTRODUCTION
COPD a growing global epidemic especially in the developing 
world. Is a growing cause of morbidity and mortality and 
will be a third leading cause of death by 2020.2 It is a disease 
characterized by poorly reversible airflow limitation that 
is usually progressive and associated with an abnormal 
inflammatory response of the lungs to noxious particles or 
gases, particularly cigarette smoke and accompanied by chronic 
inflammation of the airways and lung parenchyma.1

It is increasingly recognized that COPD extends beyond the lungs 
and many of these patients have severe systemic manifestations 
that can further worsen their functional capacity and quality of 

life.1 In addition it is associated with several other co-morbidities 
like Diabetes, cardiovascular disease, osteoporosis, metabolic 
syndrome etc more than expected by chance.4 It has been 
suggested that chronic systemic inflammation may contribute 
to the pathogenesis of COPD and various other co-morbidities.5

The definite mechanism linking COPD to systemic 
manifestations and co morbidities is not yet certain, but a 
potential mechanism is systemic inflammation. Other potential 
mechanisms (which are not mutually exclusive) include shared 
genetic predispositions, physical inactivity secondary to airway 
obstruction, and chronic hypoxia.4

Several inflammatory cytokines, including tumor necrosis 
factor-α (TNF-α), interleukin 6 (IL-6), CXCL8 (IL-8), 
interleukin 18 (IL-18), acute phase proteins such as C-reactive 
protein (CRP), serum amyloid A, and fibrinogen are increased 
within the circulation of patients with COPD more so particularly 
during exacerbations and in comorbidities.6

The term “chronic systemic inflammatory syndrome” has been 
proposed to take account of the inflammatory nature common 
to chronic obstructive pulmonary disease and its co-morbid 
conditions.7 
Systemic inflammatory markers, such as high-sensitivity 
C-reactive protein (hs-CRP) and cytokines, are higher in patients 
with COPD when compared with subjects without COPD, and 
are associated with increased mortality in COPD patients.8-9 
However, the precise origin of systemic inflammation in COPD 
is still under debate, whether systemic inflammation in COPD 
is the result of local inflammation spillover out of the Lungs to 
systemic compartments or systemic component of COPD not 
related to local inflammation of lung. Other potential origins 
of systemic inflammation in COPD include smoking, lung 
hyperinflation, tissue hypoxia, skeletal muscle dysfunction, and 
the bone marrow.5

COPD pathogenesis has not yet been fully elucidated and 
particularly the immunological mechanisms that initiate and 
maintain COPD process remain to be fully unraveled.
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In view of one of the Worlds high prevalence region of COPD 
and no such study has been taken in this world so for.10 We 
conducted a study to look for the status of systemic inflammation 
in these COPD patients, to better understand the mechanism of 
the disease which may help better future management options 
in these patients.

MATERIAL AND METHODS
The study was carried out as a prospective case-control study 
in the department of pulmonary medicine of Sheri-Kashmir 
Institute of Medical Sciences, a tertiary care cum referral 
university hospital, in Srinagar, Kashmir. The study subjects 
included randomly selected 55 consenting diagnosed cases of 
COPD of both genders who attended the hospital for routine 
follow up over a period of two years. The diagnosis of COPD 
was based on pulmonary function tests which were performed 
according to American Thoracic Society guidelines11 and COPD 
was defined on the basis of post bronchodilator FEV1/FVC ratio 
of less than 0.70 and FEV1<80%.3 Patients were staged based on 
FEV1/FVC ratio according to GOLD stage I-IV.3 All the patients 
who were included were free from any disease exacerbation for 
the preceding 2-months and their lack of systemic steroid intake 
in previous 3 months. Patients with any other systemic disease 
other than COPD were also excluded from the study. 55 controls 
also participated in the study who were matched for age and sex 
and had a normal pulmonary function test. A written informed 
consent was obtained from all the participants of the study. 
Demographic data was obtained from all the participants and 
a detailed smoking history was obtained to quantify the total 
smoking exposure in “pack years” in both the study groups.
In all the participants, body weight, height and waist 
circumference were obtained. A body mass index (BMI) was 
calculated according to the formula of weight in kilograms 
divided by the height in meters. An average blood pressure 
was calculated from the two measurements with the subject 
in a sitting-position after 5 min of rest. A morning fasting 
serum glucose was obtained after overnight fast of 12 hours 
by an autoanalyser (Hitachi-747 Autoanalyzer; Hitachi, Tokyo, 
Japan). Metabolic syndrome was assessed according to the 
criteria of International Diabetic Federation.12

Blood samples for inflammatory markers i.e. hs-CRP 
and TNF-α were taken from the eligible participants and 
centrifuged to obtain the sera and then stored and processed 
as per manufacturer’s instructions provided with each of the 
ELISA kits of hs-CRP and TNF-α. Commercially available 

hs-CRP ELISA kits (The EiAsyTM Way; Diagnostic Biochem 
Canada Inc.) and Human TNF-α ELISA Kits (Gen Probe 
Diaclone SAS, France) was used to estimate the serum levels 
of hs-CRP and TNF-α. Complete blood count (CBC), kidney 
function test (KFT), liver function test (LFT), blood glucose, 
electrocardiogram (EKG) and chest skiagram were recorded in 
all the participants. A written informed consent was obtained 
in all the participants and study was approved by the ethical 
committee of the institute.

STATISTICAL ANALYSIS
Quantitative data was analysed by using two sample independent 
t-test and analysis of variance and categorical data was analysed 
using Pearson chi-square / Fischer’s exact test using SPSS-
17 software. A p value of less than 0.05 was considered to be 
statistically significant.

RESULTS
55 COPD patients were matched for age and sex with 55 healthy 
controls. The mean age of the patients was 60.2±7.385 (range 
40-80 years) and that of controls, it was 57.35±6.174 (range 
40-78 years). Males constituted 69.10% in cases and 80.00% 
in controls. The mean BMI of controls was higher than cases 
i.e. 22.87 and 22.81 respectively which was insignificant 
(p-value 0.918).There was statistically significant difference in 
duration of smoking (pack years) between cases and controls 
(28.09 ± 10.522 and 15.98 ±4.249 respectively; value 0.0001).
Table 1 The mean levels of hs-CRP were significantly higher in 
cases than in controls (5005.6 and 950.9 ng /ml respectively; 
p-value = 0.0001) and similarly the mean levels of TNF-α 
were higher in cases compared to controls (337.4 and 137.85 
pg/ml respectively; p-value = 0.0001). Mean levels of hs-
CRP increased with increase in stage of the disease which 
was statistically significant (p-value 0.0001). Similarly mean 
levels of TNF-α also showed increasing trend with the increase 
in stage of disease which was statistically significant (p-value 
=0.0001)-[Table 2]. 
While assessing COPD subgroups, Patients having metabolic 
syndrome had significantly higher inflammatory markers i.e. 
hs-CRP and TNF-α as compared to patients without metabolic 
syndrome (p-value of = 0.0001) irrespective of stage of disease-
[Table 3]. 

DISCUSSION
A number of predictors of COPD outcomes have been studied 

Characteristics Cases (n=55) Controls (n=55) p-value
Age in yrs
(mean +/- SD)

60.2 (7.3) 57.35 (6.1) 0.216

Male : Female 17:38 11:44 0.274
BMI Kg/m2

(mean +/- SD)
22.81 (3.4) 22.87 (2.9) 0.918

Smoking pack yrs
(mean +/- SD)

28.09 (10.5) 15.9 (4.2) 0.0001

hs-CRP levels ng/ml
(mean +/- SD)

5006.6 (3147) 950.9 (609.9) 0.0001

TNF – α levels
pg/ml (mean +/- SD)

337.4 (195) 137.8 (132) 0.0001

hs-CRP: High Sensitivity C Reactive Protein, TNF- α: Tumor Necrosis Factor-Alpha
Table-1: Demographic characteristics of cases and controls
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previously including exercise capacity, BMI, smoking status, 
severity of dyspnea, FEV1and PaO2.13-17

COPD does not only involve the lungs but has many 
extra-pulmonary manifestations leading to the hypothesis 
that persistent pulmonary inflammation may promote the 
release of pro-inflammatory chemokines and cytokines into 
the circulation. A number of factors contribute to chronic 
inflammation in this disorder including apoptosis, cell 
proliferation, release of metalloproteinase and fibrosis of the 
small airways. As the disease advances, activation of dendritic 
cells and T-helper cells may also be responsible. Once the 
disease becomes symptomatic, there is an increase in the levels 
of pro-inflammatory cytokines and inflammatory cells such as 
T-lymphocytes.9 This inflammatory reaction can be detected in 
the airways through broncho-alveolar lavage with examination 
of sputum, exhaled breath condensate, blood, urine, and also 
tissue obtained at surgery or autopsy.18 A number of such blood 
markers have been suggested to predict severity of airflow 
limitation and emphysema.19 These include white blood cell 
counts, fibrinogen, chemokine ligand 18, surfactant protein D, 
CRP, Clara cell secretory protein-16, IL-6, IL-8, tumor necrosis 
factor α (TNF-α).20-21 COPD is a complex chronic inflammatory 
disease in terms of variability in disease progression with some 
patients having a relatively stable course while others having 
a relentlessly rapid downhill course in disease progression, 
frequent exacerbations and death. The present study evaluated 
the status of systemic inflammation in stable COPD patients 
by estimating systemic inflammatory markers i.e. hs-CRP and 
TNF-α in study groups. We found significantly higher levels 
of hs-CRP and TNF-α levels in COPD patients as compared 
to controls. The levels increased further as the stage of disease 
advanced and were highest in stage IV disease. Levels were 
also significantly higher in patients with metabolic syndrome as 
compared to those patients without metabolic syndrome within 
same GOLD stage. Similar results were obtained in a systemic 

review and meta-analysis of 14 reports by Gan et al. They 
confirmed strong association between COPD and systemic 
biological markers such as CRP, fibrinogen, TNF-α and WBC.6 
In another kind of study Mannnio et al in large population based 
study of increased serum CRP levels which were also higher in 
severe as compared to mild disease.22 Even some studies have 
shown correlation of high levels of hs- CRP with readmission 
rates.23 Various other studies have also observed similar 
higher levels of various systemic biological markers in COPD 
patients.24-27 In 2009 Robert et al in Cochrane review from 1976-
2008 observed levels of IL-8, TNF-α, CRP were significantly 
higher and were worse with disease severity, exertion rate and 
lung function decline, which was in agreement to our findings.28 
Although our study demonstrated a positive correlation with 
inflammatory markers and COPD, few studies have observed 
that although inflammatory profile increased in these patients 
but it was independent of disease severity.29 Even some studies 
have shown airflow obstruction failed to show any substantial 
association with systemic inflammation.24,30

Metabolic syndrome has an association with COPD, and obesity 
itself is a recognized risk factor for COPD.31 The prevalence 
of obesity is highest among patients with milder forms of the 
disease (GOLD Stages 1 and 2), and lowest in patients with the 
most severe lung function impairment (Stage 4).32 The study 
conducted by Marquis et al revealed that metabolic syndrome 
was present in almost half of the patients of COPD.33 In a recent 
population-based survey involving more than 7000 adults aged 
≥50 years, the risk of metabolic syndrome was higher in those 
with airflow obstruction compared to those without.7 In the 
same study it was also observed that there was increased serum 
level of inflammatory markers in COPD patients with metabolic 
syndrome compared to patients without it. Our study was in 
agreement with that of Wartz et al who stated that the presence 
of metabolic syndrome in COPD patients was associated with 
significantly higher levels of hs-CRP, IL-6 and fibrinogen as 

Characteristics Cases (n=55) Controls (n=55) p-value
Age in yrs
(mean +/- SD)

60.2 (7.3) 57.35 (6.1) 0.216

Male : Female 17:38 11:44 0.274
BMI Kg/m2

(mean +/- SD)
22.81 (3.4) 22.87 (2.9) 0.918

Smoking pack yrs
(mean +/- SD)

28.09 (10.5) 15.9 (4.2) 0.0001

hsCRP levels ng/ml
(mean +/- SD)

5006.6 (3147) 950.9 (609.9) 0.0001

TNF – α levels
pg/ml (mean +/- SD)

337.4 (195) 137.8 (132) 0.0001

hs-CRP: High Sensitivity C Reactive Protein, TNF- α: Tumor Necrosis Factor-Alpha
Table-2: Mean hs-CRP and TNF-α levels in each stage of COPD in cases and controls

GOLD Stage Stage-I (n=1) Stage-II (n=21) Stage-III (n=24) Stage-IV (n=9)
Metabolic syndrome Yes No(1) Yes(8) No(13) Yes(9) No(13) Yes No(1)
hs-CRP levels ng/ml
(mean +/- SD)

723 2496(1172) 2029(618) 8090(1114) 4364(877) 10000

TNF-α levels
pg/ml (mean+/-SD)

60 183(81) 144(89) 449(27) 344(34) 659(120)

 hs-CRP: High Sensitivity C Reactive Protein, TNF- α: Tumor Necrosis Factor-Alpha
Table-3: Mean hs-CRP and TNF-α levels in each stage of COPD with and without metabolic syndrome in cases
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compared to COPD alone.25

These observations including our study explain that COPD is 
independently associated with low grade systemic inflammation 
than that in healthy subjects. This inflammatory activity 
increases in patients who have more severe or advanced stage of 
the disease. Further, in patients who have metabolic syndrome 
as well, have more severe inflammation probably due to 
central obesity as component of metabolic syndrome in which 
inflammations is more due to abundant adipose tissue which 
secretes various inflammatory markers.
Strength of our study was that we had taken well characterized 
stable COPD patients and normal healthy controls to avoid 
selection bias and effect of various cofactors which can induce 
systemic inflammation. Another strong point was that it was 
first time done in an ethnic population in India in Asian sub- 
continent. Our study had some limitations as well. Firstly, it was 
a case control study so causal relationship cannot be derived 
from this data. Second, the patients in our study were lesser in 
number. 

CONCLUSION
Systemic inflammatory markers i.e. hs-CRP, TNF-α are 
significantly higher in COPD patients and even higher in patients 
with metabolic syndrome and higher disease stages. So systemic 
inflammation seems to be one of the important mechanisms of 
disease although contribution of others cannot be ruled out. We 
suggest further larger cohort studies for inflammatory markers 
which may provide basis for future effective treatment for this 
global burden.
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