
80 © 2019 Tzu Chi Medical Journal | Published by Wolters Kluwer - Medknow

Abstract
Objective: Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity 
and mortality worldwide. Systemic inflammation and oxidant/antioxidant imbalance has 
been seen to play a key role in pathogenesis of COPD. The present study investigated 
the levels of inflammatory and antioxidant/oxidative stress biomarker in COPD patients 
and healthy subjects. Materials and Methods: The present study enrolled seventy COPD 
patients and seventy healthy controls from Department of Respiratory Medicine at a tertiary 
care hospital. Vitamin D, C-reactive protein (CRP), superoxide dismutase (SOD), catalase, 
and malondialdehyde (MDA) levels were measured in both cases and control. GraphPad 
PRISM version 6.01 was used for analysis of data. Results: The levels of Vitamin D, SOD, 
Catalase, were found to be significantly lower among the COPD patients in comparison 
to healthy controls while levels of MDA and CRP were significantly higher (P = 0.0001). 
Conclusion: The results showed oxidant/antioxidant imbalance and Vitamin D deficiency 
in COPD patients. Higher levels of CRP and oxidative stress markers were observed in 
COPD patients in comparison to healthy controls. A biomarker based study testing the 
efficacy of novel antioxidant or other agents will be helpful that can modify the course of 
this disease.

Keywords: Antioxidants, Chronic obstructive pulmonary disease, C-reactive protein, 
Oxidative stress, Vitamin D

biomass cooking are the other risk factors for the develop-
ment and the progression of COPD.

Cigarette smoking and exacerbations in COPD lead to 
reduction of antioxidant capacity. It increases the level of 
oxidants in the lungs, resulting in a decrease of antioxidants. 
Antioxidants are naturally occurring or synthetic substances 
that help protect cells from the damaging effects of free radi-
cals [9]. Reactive oxygen species, reactive nitrogen species, 
and their counterpart antioxidant agents are necessary for 
physiological signaling as well as host defense, along with 
persistence of inflammation [10].

Imbalance of reactive oxidant species and antioxidants in 
the lower respiratory tract leads to oxidative stress, which in 
turn contributes to various physiological changes including 
chronic airflow limitation [11,12]. If this airflow limitation 
is due to oxidative stress arising from increased demand of 

Introduction

Chronic obstructive pulmonary disease (COPD) a chronic 
respiratory disease, affecting 210 million people is a 

leading cause of morbidity and mortality worldwide [1]. 
WHO predict that by 2020 this disorder will rank as the 
fifth most prevalent disease and third most common cause 
of death [2]. COPD is characterized by airway inflammation 
and progressive airflow limitation and its pathology includes 
pulmonary inflammation, imbalance of oxidants/antioxidants, 
protease and antiprotease, both innate and adaptive immu-
nity [3-5]. Cigarette smoking is the most important risk factor 
for COPD. The risk of developing COPD becomes higher as 
smoking duration increases [6]. It contains >1014 oxidants/
free radicals and 4700 reactive chemical and other carcino-
gens, and it is a risk factor in the development of COPD 
and lung cancer [7]. Smoking for longer duration causes 
airway inflammation and elevation in levels of cytokines and 
C-reactive protein (CRP). CRP is the best studied biomarker, 
an acute phase reactant secreted by liver in response to 
infection, inflammation, or tissue damage [8]. Occupational, 
environmental exposure, and indoor air pollution from 
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antioxidants due to disease or due to nutrients deficiency in 
person with lung disease than, the association between anti-
oxidants and pulmonary function is evident in persons with 
COPD when compared to healthy persons [13]. Oxidative 
stress protease – antiprotease imbalance, inflammation, and 
lung remodeling are the most important pathogenic mecha-
nisms involved in the development of COPD. Lower Vitamin 
D levels have been related to regulation of each of these pro-
cesses, that is, higher expression of proteases, modulation of 
inflammation, and increased oxidative stress [14]. In COPD, 
the risk of Vitamin D deficiency is higher than expected and 
is linked with disease severity [15-17]. Persistent airway 
inflammation and airway obstruction are a distinguished char-
acteristics of COPD.

Biomarkers in COPD may be helpful in diagnosis, monitor-
ing the severity of disease and evaluating the effects of drugs. 
CRP is one of the most important systemic inflammatory 
biomarker associated with increased risk of hospitalization 
and death in follow-up study of COPD patients [18]. Due to 
high prevalence rate of Vitamin D deficiency in these patients 
and its impact on airways, the present study was designed to 
evaluate the levels of the serum Vitamin D, CRP, and other 
antioxidants/oxidative stress biomarkers in COPD patients and 
healthy controls and study their association with smoking and 
severity of disease.

Materials and methods
The present study enrolled one hundred and forty individu-

als, 70 stable COPD patients, and 70 healthy controls. Patients 
were enrolled from the OPD of Department of Respiratory 
Medicine of a tertiary care hospital of North India while con-
trols were the healthy attendants of patients or other healthy 
subjects visiting the department. All patients underwent 
detailed history, clinical evaluation by a specialized respira-
tory physician. Chest X-ray was also done. The demographic 
information was ascertained from self-reported responses to the 
predesigned questionnaire that includes demographic details, 
smoking history/pack years, respiratory symptoms, and risk 
factors for COPD, presence of comorbidities, health status, 
and limitation of activity. The clinical severity of COPD was 
determined as per the criteria defined in the Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) guidelines 
based on the post-bronchodilator forced expiratory volume in 1 
s (FEV1) values [19]. For assessing the lung function, pulmo-
nary function test was performed on P. K. Morgan’s Medical 
Pvt. Limited–Pulmolab 435 (Spiro 232) in pulmonary function 
lab in sitting position and at room temperature in Department 
of Respiratory medicine. A diagnosis of COPD was estab-
lished on the basis of largely irreversible airway obstruction, 
with <12% improvement in FEV1 after inhalation of 200 µg 
Salbutamol using metered dose inhaler with spacer. Lung 
functions were again measured 15–20 min after the inhaled 
bronchodilator for assessment of bronchodilator induced 
reversibility of bronchoconstriction. Spirometric indices were 
calculated using the best out of 3 technically satisfactory per-
formances as per recommendations of American Thoracic 
Society. Patients and controls fulfilling the inclusion and exclu-
sion criteria were recruited only after their informed consent 

and after approval from the ethics committee. The study was 
approved by the ethics committee of King George’s Medical 
University, Lucknow (Approval Code No-55 E. C. M. IIB/
P11). Informed written consent was obtained from all patients 
prior to their enrollment in this study.

Inclusion criteria for patients
Subjects with age >35 years and both genders, FEV1/

forced vital capacity (FVC) ratio <70% and post broncho-
dilator FEV1 change <12% and having history of persistent 
cough, sputum production, dyspnea, and exposure to risk 
factors for the disease.

Exclusion criteria for patients
Patients having a history of other respiratory illnesses 

such as acute asthma, pulmonary tuberculosis, bronchiectasis 
interstitial lung disease, lung cancer, and diabetes. Pregnant 
women and patients already taking Vitamin D supplements 
or antioxidants were also excluded. Individuals were clas-
sified as current, former, and never smokers on the basis of 
self-reported smoking history. The subjects were categorized 
as smokers if they were currently smoking, nonsmokers if 
they have never smoked during their life time and ex-smokers 
who had smoking abstinence of 1 year.

The body mass index (BMI) was calculated by dividing 
the body weight in kilograms by the height in meters square 
(kg/m2). Dyspnea was assessed by Modified Medical Research 
Council scale. The presence of Vitamin D deficiency was 
defined as 25(OH) D levels <10.0 ng/mL, Vitamin D insuffi-
ciency as 25(OH) D levels 10 ng/mL–30 ng/mL, and Vitamin 
D sufficiency as 25(OH) D levels 30 ng/mL–100 ng/mL and 
toxic >100 ng/mL.

Vitamin–D
Interpretation of result:
• <10 ng/mL (Deficiency)
• 10-30 ng/mL (Insufficiency)
• 30-100 ng/mL (Sufficiency)
• >100 ng/mL (Toxicity).

Determination of biochemical parameters
Sample collection and processing

Venous blood samples were collected from all patients and 
control subjects in two separate tubes one in plain vial for sep-
aration of serum and estimation of Vitamin D, CRP, and other 
in heparinized vials and centrifuged it at 1000 g for 15 min, 
and the plasma was removed. Then, erythrocytes were washed 
with 0.9% NaCl solution three times and kept at −80°C until 
biochemical determination of other antioxidants.

Estimation of biomarkers
Serum Vitamin D was assessed by The LIAISON® 25 

OH Vitamin D TOTAL Assay kit which uses chemilu-
minescent immunoassay technology for the quantitative 
determination of 25-hydroxyvitamin D in human serum, by 
using the LIAISON® analyzer. Serum CRP was also ana-
lyzed in serum by commercially available kit as per protocol. 
Malondialdehyde (MDA) was estimated according to the 
method of Stocks and Dormandy [20]. Estimation of catalase 
was done by the method described by Aebi [21]. Estimation 
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of superoxide dismutase (SOD) was done by the method of 
McCord and Fridovich [22].

Statistical analysis
Graph Pad PRISM version 6.01 (Graph Pad Software Inc, 

La, Jolla, CA, USA) was used for analysis of data. Values 
have been represented in mean ± standard deviation (in case 
of continuous variable) and expressed as number and percent-
ages (in case of categorical variables). Chi-square test has 
been used to compare proportions whereas analysis of vari-
ance was used for comparison of continuous data. P < 0.05 
was considered as statistically significant in all analyses.

Results
In the present study, 140 individuals were enrolled, 70 

COPD and 70 healthy controls. The demographic and clini-
cal characteristics of individuals are shown in Table 1. Age of 
patients ranged from 35 to 75 years. There was no significant 
difference between groups with respect to age. In both the 
groups, majority of individuals were males. In COPD group, 
there were 75.8% males and 24.2% females while in control 
group, there were 71.4% males and 28.5% females.

The distribution of smokers, nonsmokers and ex-smokers 
has been given in Table 1. There were nearly 80% patients 
having smoking history in COPD group there were 31 
smokers (44.3%), 14 nonsmokers (20%) and 25 ex-smok-
ers (35.7%) in the COPD group. In control group, there 
were 25 smokers (35.7%), 30 nonsmokers (42.8%), and 15 
ex-smokers (21.4%). Mean weight and BMI were lower in 
COPD patients as compared to controls, and this difference 
was statistically significant (P = 0.04, P < 0.001).

Spirometric values such as mean FEV1% predicted, 
FVC, and FEV1/FVC ratio as mentioned in Table 1 were 

Table 1: Baseline demographic and spirometry parameters in 
chronic obstructive pulmonary disease patients and healthy 
controls
Parameters COPD group 

(n=70), n (%)
Controls group 
(n=70), n (%)

P

Age (years) 55.78±9.8 53.5±12.31 0.325
Male/female ratio 53:17 50:20 0.568
Height (cm) 159.4±8.37 162.86±9.07 0.051
Weight (kg) 53.02±12.59 63.02±12.08 0.04
BMI (kg/m2) 20.37±4.21 24.34±4.25 <0.001
Smoker 31 (44.3) 25 (35.7)
Ex-smoker 25 (35.7) 15 (21.4)
Nonsmoker 14 (20) 30 (42.8)
Stage 1 (mild) 0 (0) -
Stage 2 (moderate) 25 (35.7) -
Stage 3 (severe) 36 (51.4) -
Stage 4 (very severe) 9 (12.8) -
Post-FVC% 64.02±17.09 88.8±9.0 <0.001
Post-FEV1/FVC 56.29±10.3 81.4±8.1 <0.001
Post-FEV1 (%) predicted 45.14±15.3 90.18+8.09 <0.001
Results are expressed as mean±SD or percentages depending on the 
distribution. P<0.05 considered significant. COPD: Chronic obstructive 
pulmonary disease, FVC: Forced vital capacity, FEV1: Forced expiratory 
volume in 1 s, BMI: Body mass index, SD: Standard deviation

significantly lower in COPD patients when compared to 
control group (P < 0.0001). According to GOLD crite-
ria, COPD patients were grouped into three stages based 
on their severity as there were no patients having mild 
COPD (stage 1). 25 patients (35.7%) have moderate COPD 
(stage 2), 36 patients (51.4%) have severe COPD (stage 3) 
while 9 patients (12.9%) were having very severe COPD 
(stage 4). Majority of COPD patients were in stage 3 (nearly 
50%), i.e., in severe COPD group.

Breathlessness was the main symptom observed in 
70 patients (100%) followed by a cough in 62 (94%), chest pain 
in 5 (7%), wheezing in 8 patients (11.4%), fever in 7 (10%) 
patients, and pedal edema in 12 patients (17%) [Figure 1].

Mean value of serum Vitamin D levels was significantly 
lower in the COPD patients as compared to healthy con-
trols (15.5 ± 7.22 vs. 28.3 ± 7.91, P < 0.0001) [Figure 2]. In 
COPD patients, Vitamin D deficiency was seen in 27% people 
and insufficiency in 70% COPD patients. In healthy subjects, 
55% have sufficient levels while 45% have insufficient levels.

Levels of serum Vitamin D between smokers, ex-smoker 
and nonsmoker COPD patients and control were also com-
pared. The lower Vitamin D level was observed in smokers 
and ex-smoker as compared to nonsmoker both in COPD 
and control [Figure 3]. The present study indicates significant 
association of Vitamin D with smoking. We also found that 
patients with very low BMI have low Vitamin D levels. With 
the increasing severity of disease lower levels of Vitamin D 
were observed. We found that patients with very severe COPD 
were having Vitamin D deficiency [Figure 4] and signifi-
cantly lower levels of Vitamin D were observed in stage 3 and 
4 patients in comparison to stage 2.

Mean serum CRP levels were significantly 
higher in the COPD group as compared to control 
group (P < 0.0001) [Figure 2]. Smokers have higher 
levels of CRP in comparison to nonsmokers [Figure 3]. 
Elevated CRP levels were observed in patients with increas-
ing severity of disease and were highest in stage 4 COPD 
patients [Figure 4].

Figure 1: Clinical symptoms in chronic obstructive pulmonary disease patients
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The levels of oxidative stress marker/antioxidants between 
cases and controls are shown in Figure 2. Mean level of 
SOD was 25.25 ± 1.4 in cases and 9.44 ± 0.30 in controls 
while mean level of catalase was 0.10 ± 0.01 in cases and 
2.53 ± 0.13 in control. Level of both antioxidant enzymes 
SOD and catalase were significantly lower in cases as com-
pared to controls (P < 0.0001). MDA level which is a marker 
of oxidative stress was significantly higher in COPD patients 
than controls (5.8 ± 0.15 vs. 2.81 ± 0.44 ), (P < 0.0001).

Figure 3 shows significant difference in the oxidative stress 
and antioxidant parameters among COPD patients (smoker 

and nonsmokers and ex-smokers) and healthy control 
groups (smokers, ex-smokers, and nonsmokers). The anti-
oxidant levels of Catalase, SOD were significantly lower 
in smoking population in comparison to nonsmoking 
group (P < 0.001) while significantly higher values of oxida-
tive marker MDA was observed in smoking COPD patients as 
compared to the nonsmoker COPD individuals (P = 0.009).

The present study shows in Figure 4, antioxidants and 
oxidative stress parameters in COPD patients grouped 
on basis of severity into different GOLD stages (mod-
erate, severe, and very severe). Significant differences 
in the antioxidant parameters among severity of COPD 
were observed. The statistical analysis revealed that 
levels of antioxidants SOD and Catalase were signifi-
cantly (P = 0.0002, P = 0.0006) lower among very severe 
patients (stage 4) in comparison to the moderate (stage 2) 
and severe patients (stage 3). MDA was observed to be 
significantly higher (P = 0.0005) in stage 4 (very severe 
patients) in comparison to stage 2 (moderate) and stage 
3(severe patients) COPD patients.

Discussion
Imbalance of reactive oxidant species and antioxidants in 

the lower respiratory tract leads to oxidative stress which in 
turn contributes to various physiological changes, including 
chronic airflow limitation. Previous studies have shown that 
Vitamin D can alter the activity of various immune cells, regu-
late airway smooth muscle, and inhibit inflammatory responses 
and helps in remodeling of airways [16,17,23]. Holick in his 
review mentioned that the reasons for low Vitamin D levels 
might be lack of outdoor activity, lower food intake, reduced 
synthesis with skin aging, increased catabolism by glucocorti-
coids, impaired activation because of renal dysfunction, and a 
lower storage capacity in muscles or fat due to wasting [24].

Oxidative stress protease – antiprotease imbalance, inflam-
mation, and lung remodeling are the most important pathogenic 
mechanisms involved in the development of COPD although 
role of Vitamin D in the pathogenesis of COPD is not clear 
but it is believed that lower Vitamin D levels are related to 
regulation of each of these processes, that is, higher expres-
sion of proteases, modulation of inflammation, and increased 
oxidative stress [14].

Vitamin D has both immunomodulatory and anti-inflam-
matory properties [25]. In India, major source of Vitamin D 
is sun exposure, and food fortification with Vitamin D is not 
prevalent. The present study found significantly lower levels 
of Vitamin D in COPD patients in comparison to healthy con-
trols. In people with COPD, the risk of Vitamin D deficiency 
is higher than expected and is linked with disease severity 
which is consistent with previous studies [15-17,26,27]. We 
found 27% COPD patients were having Vitamin D deficiency 
and 70% have an insufficient level which shows that hypo-
vitaminosis D, i.e., both deficiency and insufficiency were 
found in 97% of COPD patients in our study and more in 
higher stages of severity (Gold 3 and 4). Førli et al. reported 
Vitamin D deficiency (20 ng/mL) in >50% of a cohort 
waiting for lung transplantation [28]. Vitamin D deficiency 

Figure 2: Inflammatory and antioxidant/oxidant parameters in chronic obstructive 
pulmonary disease patients and healthy controls

Figure 3: Inflammatory and antioxidants/oxidative stress parameters in chronic 
obstructive pulmonary disease patients and healthy controls on the basis of 
smoking status

Figure 4: Inflammatory and antioxidants/oxidative stress parameters in chronic 
obstructive pulmonary disease patients on the basis of severity
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correlates with the severity of COPD [15,29]. Significant 
relation between FEV1 and serum 25-hydroxy Vitamin D 
levels was also seen in previous study [30]. Vitamin D intake 
improved COPD exacerbations and FEV1 in the patients with 
severe and very severe COPD [31]. Zhu et al. [32] included 
18 studies in meta-analysis and showed that the serum levels 
of 25(OH) D were lower in COPD patients, and Vitamin D 
deficiency was associated with COPD severity rather than 
COPD risk.

Vitamin D is important as an immune system regulator, 
and many previous studies along with ours have reported low 
serum 25-OH Vitamin D levels in COPD patients. Intakes 
of various vitamins have been associated with improve-
ment in symptoms, exacerbations, and airflow limitation in 
COPD [33]. Therefore, Vitamin D supplementation may be 
an important therapeutic strategy for COPD which needs 
more research.

COPD is a multicomponent disease affecting the psycho-
logical and physiological conditions as well as social life of 
patients. It is independently associated with low grade sys-
temic inflammation than that in healthy subjects, and this 
inflammatory activity increases as severity of disease increases. 
Our study finds significantly higher levels of CRP in COPD 
patients as compared to control group (P < 0.0001) which 
was consistent with many previous studies [34-38]. As the 
severity of disease become higher, the levels of markers also 
increased and were highest in very severe patients (stage 4). 
Similar association was also observed in previous study [39]. 
Leuzzi et al. [40] in meta-analysis also indicate that baseline 
higher CRP level is significantly associated with higher late 
mortality in patients with COPD. The increase in CRP levels 
with the progression of the disease as seen reflects the severity 
of the disease and so measuring levels of systemic inflamma-
tory markers like CRP in combination with other biochemical 
markers at baseline and after anti-inflammatory therapy will 
be helpful in monitoring disease outcome and also in proper 
management of disease.

Oxidative stress has also been reported to play an impor-
tant role in the pathophysiology of COPD [41,42]. The 
present study found significantly higher levels of oxida-
tive markers (MDA) in COPD patients when compared with 
control which was similar as seen in study by Cristóvãoa 
et al. [43] while the levels of antioxidants-Catalase and SOD 
were significantly lower in patients of COPD which was also 
observed in previous studies [44,45]. Cigarette smoking has 
been considered as the major risk factor for developing COPD 
and prime factor for generation of oxidative free radicals.

Smoking may act as a trigger factor for many people who 
have COPD and can either cause an exacerbation or flare-up 
of symptoms. Smoking damages the air sacs, airway, and the 
lining of the lungs, and due to this, lungs have trouble moving 
enough air in and out making hard to breathe. However, 
respiratory infections, inflammation, dust, and air pollution 
can be attributed to be the factors responsible for oxidative 
stress in nonsmokers. In our previous study, we found a sig-
nificant association of smoking status with different stages 
of COPD [46] and in present study too we found that COPD 

patients with smoking history (smokers or ex-smokers) had 
higher levels of oxidative stress markers and reduced levels 
of antioxidant when compared to nonsmokers which was also 
reported in previous studies. Higher levels of MDA have also 
been observed in smokers in comparison to nonsmokers in few 
studies [47,48]. Nadeem et al. [49] also reported an increase 
in MDA levels in COPD patients, as compared with healthy 
nonsmoking controls. Depletion of naturally occurring anti-
oxidants also plays a major role in perpetuation of oxidative 
stress. An oxidant-antioxidant imbalance which is associated 
with oxidative stress in COPD patients plays an important role 
in the progression of disease severity [50].

MDA the main product of lipid peroxidation, one of the 
key indicators of oxidative stress has been reported to increase 
in all stages of COPD severity [50,51]. The mean MDA values 
was found to be significantly increased in all COPD groups 
according to severity in this study which was also observed 
in study by Torres-Ramos et al. [52]. They also reported sig-
nificantly higher levels of MDA in all GOLD Stages of COPD 
severity, as compared with healthy controls [52]. Increase in 
MDA levels in COPD patients in comparison to healthy non-
smoking controls has been observed in study by Nadeem et al.

SOD is an intracellular antioxidant enzyme that inhibits 
superoxide anion and protects aerobic cells against oxidative 
stress while Catalase, the enzyme responsible for the break-
down of H2O2 is the primary defense against H2O2-mediated 
toxicity. We found significantly lower levels of antioxi-
dants (Catalase, SOD) in COPD patients in comparison to 
controls and as the severity increase the level of antioxidants 
also decreased. Rai and Phadke [53] also reported the same in 
COPD patients. Nadeem et al. also found an increase in levels 
of SOD, Catalase in severe COPD patients, as compared with 
moderate COPD patients [49].

Limitation of study was small size. Estimation of antioxi-
dants and oxidative stress markers before and after dietary 
intervention and supplementation with antioxidants may have 
put more light on usefulness of these biomarkers in COPD. 
Earlier estimation in COPD patients and timely supplementa-
tion might help in reducing oxidative stress.

Romieu and Trenga proposed that antioxidant supplemen-
tation may be helpful in patients with COPD as a way to 
reduce oxidative stress and inflammation and improve spiro-
metric values [54]. Higher intake of fruits and vegetables was 
associated with a lower risk of COPD, lower mortality, and 
an improvement of spirometric values [55-59]. Multitargeted 
therapeutic approach with dietary antioxidants along with 
smoking cessation will be helpful in combating with this 
disease in the near future.

Conclusion
Our study showed that oxidative stress marker (MDA) 

and inflammatory biomarker (CRP) levels were significantly 
higher while levels of antioxidants (catalase and SOD) and 
Vitamin D were lower in our North Indian COPD population 
in comparison to healthy controls. The results also showed 
altered oxidant–antioxidant imbalance in COPD patients which 
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increases with the severity of the disease. It was also observed 
that smokers have elevated levels of CRP and oxidative stress 
markers in comparison to nonsmokers. A biomarker-based 
study testing the efficacy of novel antioxidant or other agents 
will be helpful that can modify the course of this disease.
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