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forced expiratory volume in 1 s (FEV1) is the mainstay 
of classification of severity of COPD, and it is strongly 
predictive of subsequent mortality from COPD.[2-5] There 
are limitations with the use of FEV1, since changes in 
it over time are small in relation to repeatability of the 
measurement.[6]

INTRODUCTION

Chronic obstruction pulmonary disease  (COPD) is a 
disease of major public health importance. It is diagnosed 
only after spirometric evaluation according to the global 
initiative for chronic obstructive lung disease  (GOLD) 
guidelines.[1] The forced expiratory spirogram is the 
most useful test of airflow dynamics. Postbronchodilator 
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The use of exhaled biomarkers as a diagnostic tool for 
COPD was overviewed by van Beurden et al. in 2002, and 
they suggested that there was a need for “standardization of 
the measurements, for comparison of COPD patients with 
healthy individuals matched for age and smoking status, 
for data on reproducibility and variability, for correlation of 
exhaled markers with other parameters, and for intervention 
studies.”[7] Exhaled breath biomarkers of airway inflammation 
may aid in the early diagnosis of COPD. COPD could be 
diagnosed earlier in those smokers at risk of developing 
the disease before symptoms or changes in spirometry 
are present.[8] As they diagnosed so late in their disease, 
when available, therapeutic and preventive measures are 
limited.[8] This would lead to a significant achievement in 
COPD management. Hence, exhaled biomarkers which reflect 
airway inflammation and correlate with disease severity may 
therefore help improve monitoring and treatment of COPD.

Oxidative stress is a major step in the pathogenesis of 
COPD and causes amplification of airway inflammation 
and its destruction.[9] The measurement of exhaled carbon 
monoxide  (eCO) may represent a new method for the 
noninvasive monitoring of airway inflammation and 
oxidant stress in COPD patients. Carbon monoxide (CO) is 
produced ubiquitously in the body by heme oxygenase (HO) 
as a breakdown product of heme.[10-13]

CO in exhaled breath may be of endogenous or exogenous in 
origin. Major sources of endogenous CO in exhaled breath 
are enzymatic degradation of heme, nonheme-related 
release (lipid peroxidation, xenobiotic, and bacteria).[14] 
The most important source of CO (∼85%) in the body is 
from the degradation of hemoglobin by the enzyme HO, 
and the rest arises from the degradation of myoglobin, 
catalase, nitric oxide (NO) synthases, guanylyl cyclase, 
and cytochromes.[15] Several bacteria also produce CO,[16] 
but this does not have any significance on the level of eCO. 
Approximately 85% of the CO is bound to hemoglobin in 
circulating erythrocytes and the remaining is bound to 
myoglobin and other compound, and <1% is unbound 
and dissolved in body fluid.[17] Approximately 80% of the 
CO formed from heme degradation is exhaled.[18]

The major exogenous sources producing CO are petroleum 
or diesel fuel during road transport and industrial processes 
using carbon compounds; these two are responsible for 80% 
of CO emitted to the atmosphere.[19] CO is also an indoor 
pollutant: as a result of the functioning of gas cookers and 
some heating systems.[20] Both active and passive smoking 
are the major cause for high levels of exhaled CO, although 
some exposure to CO may occur in normal day-to-day life 
because of environmental pollution.[14]

Exhaled CO is produced in healthy nonsmokers 
endogenously and increases in many inflammatory 
lung conditions.[21] Various factors that may influence 
eCO level are smoking,[22,23] airway pollution,[24,25] 
airway obstruction,[26] hyperbilirubinemia,[27] sex 
(cyclic variations in women),[28] race  (increased in 

Japanese newborn),[29] and allergen challenge (early and 
late response).[30] It has been useful in monitoring various 
pulmonary inflammatory diseases such as asthma,[31-36] 
allergic rhinitis,[37] COPD (ex‑smokers),[38] upper respiratory 
tract infections,[39] bronchiectasis,[40] lower respiratory tract 
infections,[41] interstitial lung disease,[42] cystic fibrosis,[43,44] 
and critically ill patients.[45]

CO causes bronchodilatation in vivo and this finding 
suggests a role for endogenous CO in inflammatory airway 
diseases.[46] eCO has also been used to quantify oxidative 
stress in stable asthma and bronchiectasis patients who 
have higher CO levels than healthy controls.[31,32] eCO has 
been found to be increase in stable cystic fibrosis patients 
but to a greater extent, during exacerbations.[44] Till now, 
most of the studies were performed in vitro that relate 
COPD with oxidative stress, using invasive techniques 
such as examination of bronchoalveolar lavage fluid or 
measurement of systemic rather than oxidant stress.[47]

Therefore, in this study, we have quantified lung 
oxidative stress in stable COPD patients by measuring 
eCO levels. This may contribute to the understanding 
of the pathophysiology of COPD and may suggest a 
potential new noninvasive method to monitor airway 
inflammation in this disease. In addition to it, spirometry 
has also been done, and correlation of level of airway 
obstruction (disease severity) with level of eCO has also 
been made. We have also tried to measure the Utility of 
eCO level in monitoring and treatment of COPD.

MATERIALS AND METHODS

Subjects
COPD patients diagnosed according to the GOLD guidelines 
and healthy individuals as controls were selected. One 
hundred and fifty patients with COPD and 125 controls 
were included in the study. Participants were further 
subdivided on the basis of their smoking habits. Clinical 
examinations and spirometry were done to diagnose COPD 
by following the standard protocol.

Patients with a history suggestive of asthma and other 
respiratory diseases were excluded. Patients with systemic 
diseases, vascular disease, thrombosis, alcoholism, renal 
disease, and hepatic disease were also excluded from the 
study.

Ex smoker are those patients who had stopped smoking for 
at least 6 months. Healthy smokers and current smokers 
with COPD refrained from smoking for at least 12 h before 
eCO measurements.

Study design
It was a single-center cross-sectional observational study.

Methods
Patients with typical symptoms of chronic cough with 
or without expectoration with shortness of breath on 
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exertion were included in the study after confirming the 
diagnosis by FEV1/FVC  <70% and postbronchodilator 
FEV1 <80% on spirometry as per the GOLD guidelines. 
Clinical examinations were made following the standard 
protocol/procedure. Chest X-ray, hematological and 
biochemical parameters, and ECG with echocardiography 
were made. After informed about the objectives and 
procedures related to the study, informed consent was 
taken from volunteers. After confirming the diagnosis, the 
patient has received inhaled corticosteroid (budesonide 
400  mcg), long‑acting beta‑2 agonist with or without 
long‑acting antimuscarinic agents for 6 months. The study 
was approved by the ethics committee.

Spirometry
Spirometry is a method of assessing lung function by 
measuring the volume of air; the patient can exhale out 
from the lungs after maximal inspiration. Spirometry was 
measured and the best value from the three maneuvers 
was expressed as an absolute value (in liters) and as a 
percentage of the predicted value. Necessary instructions 
were given to patients before test. Reversibility testing was 
also performed. Postbronchodilator FEV1 was recorded 
in all cases to assess severity of airway obstruction and 
to categorize into mild  (≥80% predicted), moderate 
(50% ≤ FEV1 <80% predicted), severe (30% ≤ FEV1 <50% 
predicted), and very severe (<30% predicted) according to 
the GOLD guidelines.

Exhaled carbon monoxide
Breath CO monitoring was performed using a portable 
piCO  +  Smokerlyzer  (Breath CO monitor, Bedfont 
Scientific Ltd., Kent, UK). The participants were asked 
to exhale completely, inhale fully, and then hold their 
breath for as long as possible. Following breath holding, 
the participants were asked to exhale slowly into the 
Smokerlyzer and were encouraged to exhale fully to sample 
the alveolar air. This procedure was repeated and two 
successive recordings were made, and the mean values 
were used in all calculations.

Statistical analysis
Data were analyzed using   IBM SPSS 20 Statistics and 
Microsoft Office Excel 2013 software. Independent t-test 
was used to compare the mean eCO levels of two groups. 
One‑way analysis of variance  (ANOVA) and Tukey’s 
honestly significant difference (HSD) post hoc test were 
performed to compare the mean values in four stages of 
airway obstructions  (mild, moderate, severe, and very 
severe) among the COPD cases. Spearman’s rho bivariate 

correlation coefficient was used to quantify the extent 
of correlation between FEV1 with the eCO levels among 
COPD cases. Paired t-test was used to compare the mean 
percentage predicted FEV1 and mean eCO before and after 
treatment. The results are mentioned in mean ± standard 
deviation. For all statistical analysis, P <  0.05 was 
considered statistically significant.

RESULTS

There were 150 COPD patients, aged from 23 to 
80 years (mean 54.43 ± 10.18) and 125 healthy controls, 
age from 35 to 85 years (mean 52.09 ± 9.2). Among COPD 
patients and healthy controls, there were 122  (81.3%) 
males and 28 (18.7%) females and 92 (73.6%) males and 
33  (26.4%) females, respectively. COPD patients were 
divided into three groups: smokers (33), ex‑smokers (82), 
and nonsmokers (35), while healthy controls were divided 
into smokers (42) and nonsmokers (83). Of 75 smokers, 68 
were male while 7 were female. In 118 nonsmokers, 68 
were male and 50 females. Out of 82 ex‑smokers, 78 were 
male while 4 were female.
Among COPD males, 12 were nonsmokers, 78 ex-smokers, 
and 32 smokers. In COPD females, 23 were nonsmokers, 4 
ex-smokers, and 1 smoker. Among healthy controls males, 
36 were smoker and 56 nonsmoker. Among female healthy 
controls, 6 were smoker and 27 nonsmoker [Table 1].

Comparisons of exhaled carbon monoxide in different 
groups of participants
Exhaled CO levels were higher in nonsmokers with 
COPD (2.94 ± 0.873 ppm; P < 0.001), compared to healthy 
nonsmokers (1.52 ± 0.571 ppm) [Figures 1 and 2].

Exhaled CO levels were higher in ex-smokers with 
COPD (5.21 ± 1.546 ppm; P < 0.001), compared to healthy 
nonsmokers (1.52 ± 0.571 ppm) [Figures 1 and 2].

Exhaled CO levels were higher in current smokers with 
COPD (12.55 ± 4.514 ppm; P < 0.05), compared to healthy 
smokers (9.71 ± 5.649 ppm) [Figures 1 and 2].

Exhaled CO levels were higher in current smokers with 
COPD  (12.55  ±  4.514  ppm; P <  0.05), compared to 
ex‑smokers (5.21 ± 1.546 ppm) [Figures 1 and 2].

On applying one-way ANOVA, difference in the mean 
eCO level was found to be significant (F [4, 270] = 120.25 
P < 0.001). On applying Tukey’s HSD post hoc test, the 

Table 1: The demographic pattern of study population
Variables COPD Control

Smoker, 33 (22%) Nonsmoker, 35 (23.3%) Ex‑smoker, 82 (54.7%) Smoker, 42 (33.6%) Nonsmoker, 83 (66.4%)
Age

Male 48.81±8.03 48.83±9.65 58.19±10.07 49.75±8.86 54.71±9.86
Female 50.00 52.83±8.77 53.25±10.91 56.00±8.73 48.89±6.98

Mean 48.85±7.91 51.46±9.14 57.95±10.09 50.64±8.73 52.82±9.39

COPD: Chronic obstruction pulmonary disease
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significant difference in mean is found in different study 
groups.

Comparison of exhaled carbon monoxide and forced 
expiratory volume in one second in different stages of 
chronic obstruction pulmonary disease
On applying one-way ANOVA, difference in the mean 
eCO level was found to be significant (F [2, 147] = 6.648, 
P = 0.01). On applying Tukey’s HSD post hoc test, the 
difference in mean is found to be significant between 
Stage II (4.75 ± 2.92) and Stage IV (7.90 ± 4.86) and 
Stage III (5.75 ± 3.82) and Stage IV (7.90 ± 4.86) (P < 0.05) 
as shown in Figure 3.

Correlations between exhaled carbon monoxide and 
forced expiratory volume in one second in chronic 
obstruction pulmonary disease
The correlation between FEV1 and exhaled CO was found 
to be negative (P < 0.01). The level of eCO increases with 
increase in severity of disease [Figure 4 and  Table 2].

Treatment response with inhaled steroids
The mean exhaled CO level was decreased (6.29 ± 0.344 
t o  4 . 3 3   ±   0 . 2 3 7 )  w i t h  i m p r o v e m e n t  i n 
disease (FEV1 38.75 ± 1.164 to 50.65 ± 1.137) after 
treatment with inhaled corticosteroid. It was statistically 
significant (P < 0.001).

DISCUSSION

Recently, there has been lots of interest in the analysis 
of exhaled breath constituents for the monitoring of 
inflammation and oxidative stress in the lungs. Most 

available studies have concentrated on exhaled NO; 
several other volatile gases (CO, ethane, and pentane) have 
also been used recently. The assessment of noninvasive 
biomarkers in COPD is an area of intensive investigation. 
Oxidative stress is a major component of airway 
inflammation in patients with COPD.[47] Hence, eCO is 
a simple method for detecting and monitoring airway 
inflammation and oxidative stress.

In view of this, we have studied levels of CO in exhaled air 
of COPD patients. We have found a >3‑fold increase in the 
level of exhaled CO in ex-smokers with COPD compared 
to healthy nonsmokers, as was previously reported. Since 
ex-smokers with COPD had stopped smoking for at least 
the last 6 months, increased CO levels in these patients are 
likely to be the result of enhanced oxidant stress in their 
lungs. An increase in eCO was observed in current smokers 
with COPD compared to healthy smokers matched for age 
and smoking habits, similar to the study of Montuschi 
et al.[48] This may indicate higher oxidative stress in 
the former group. We have found higher eCO levels in 
current smokers with COPD than in ex-smokers with 
COPD, similar to the earlier study,[38,48,49] but comparisons 
between the two groups are not possible because of the 
influence of cigarette smoke on exhaled CO levels. In 
current smokers with COPD, it is difficult to discriminate 
between the amount of increased exhaled CO due to lung 
oxidative stress and that due to CO contained in cigarette 
smoke.[50] There was negative correlation between eCO 
levels in COPD patients and lung function (FEV1 values) 
and it was statistically significant (P < 0.01), similar to 

Table 2: Correlations between exhaled carbon monoxide 
and forced expiratory volume in 1 s using Spearman’s 
rho bivariate
COPD patients Test variable eCO FEV1

Spearman’s rho eCO/FEV1 Correlation 
coefficient

1.000 −0.280**

Significant 
(two‑tailed)

. 0.001

n 150 150

**Significant of 0.001. COPD: Chronic obstruction pulmonary disease, 
eCO: Exhaled carbon monoxide, FEV1: Forced expiratory volume in 1 s

Figure  2: Exhaled carbon monoxide level in different groups 
of individuals. **Shows significant difference among these 
groups (P < 0.05)

Figure 1: Bar chart showing comparison of exhaled carbon monoxide 
level in different groups of chronic obstruction pulmonary disease with 
controls
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previous study. [6]  However, our results differ from a study 
that showed no negative correlation between CO levels 
and lung function.[48]

We have large sample size with adequate number of 
participants in each group as compared to the previous 
studies.[6,38,48,49] To the best of our knowledge, only one 
study from India by Sivagnaname had been published till 
now.[6] Hence, our study is second from India.

Most of the COPD patients in our study were 
treated with steroids. In patients with moderate 
asthma (i.e., FEV1 67%–63% of predicted), an open study[31] 
has shown that CO is sensitive to inhaled steroid treatment. 
We had similar results in our study in COPD patients. In 
previous study,[51] exhaled CO and NO levels were similar in 
COPD patients treated and not treated with inhaled and/or 
oral steroids. However, in our study, there was a significant 
difference in eCO levels after treatment with inhaled steroids.

CONCLUSION

Our study concludes that quantification of exhaled CO 
levels in COPD cases varies with different grades of airway 
obstruction. We concluded that measuring the level of 
eCO in COPD cases along with spirometry forms a new 
approach for better understanding of pathophysiology 
of COPD cases, with indirect assessment of airway 
inflammation, oxidative stress, and severity of airway 
obstruction and to assess the response to drug treatment. 
Further clinical studies may refine clinical applications for 
eCO, as a biomarker of disease severity in COPD.

Limitation of study
In tertiary care centers, most of the patients presented in 
their late stage of disease. Most of our patients are smokers 
or ex-smokers that could be confounding the eCO level.
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