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Abstract

Background: Cigarette smoke causes both acute and chronic changes of the immune system. Carbon monoxide (CO) exhaled 
through breath of an individual is an easiest, immediate and non-invasive method to assess smoking status.
Aim: The aim of the study is to compare the exhaled CO levels in smokers and non-smokers using portable CO monitor.
Material & Methods: The exhaled CO levels were measured in 100 subjects (50 smokers, 50 non-smokers) who were 
examined during the OPD. Exhaled CO concentration was measured using the Micro+ Smokerlyser.
Results: The mean carbon monoxide in the smokers was 6.34 PPM and the mean carbon monoxide in non-smokers was 1.26 
PPM. There was statistically very highly significant difference of mean CO among smokers and non-smokers (P<0.001).
Conclusion: The exhaled CO levels successfully distinguished smokers from nonsmokers and it provides an easy and 
non-invasive mode of assessing a subject's smoking status. This will be beneficial for healthcare providers to examine the 
effectiveness of tobacco cessation and prevention programs. 
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Abbreviations: COPD: Chronic Obstructive Pulmonary 
Disease; CVD: Cardiovascular Diseases; CO: Carbon 
Monoxide; COHb: Carboxyhaemoglobin.

Introduction

Tobacco in the form of smoking is associated with a wide 
spectrum of many diseases including diabetes, hypertension, 
stroke, coronary artery disease, peripheral artery disease, 
gastric ulcer, and cancers of oral cavity, larynx, oesophagus, 
pancreas and bladder that leads to increase risk for morbidity 

and mortality worldwide. It is also causes major diseases like 
chronic obstructive pulmonary disease (COPD) and a risk 
factor for low-birth-weight babies. Annual mortality totals 
8 million people, with 7 million of these fatalities directly 
attributable to tobacco usage [1,2].

Smoking is a well-established risk factor for the 
development of a range of diseases [3,4] including major 
cardiovascular diseases (CVD) [5,6], chronic obstructive 
pulmonary disease [7,8] and some cancers [9,10]. Tobacco 
smoke contains a variety of chemicals which are known to be 
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harmful to human health.

Free radicals, nicotine, and carbon monoxide (CO) are 
believed to be the most important for pharmacological 
actions [11]. Smoking boosts the level of CO in the blood, 
which may lead to several cardiovascular diseases. The 
measurement of exhaled CO level is an immediate, non-
invasive or easiest method of assessing smoking status, 
although other sources of pollution including exhausts gases 
which causes elevations in the fractional concentrations of 
CO in expired air [12,13].

Therefore, the aim or objective of this study is to compare 
the exhaled CO levels in established smokers and non-
smokers and to investigate factors that may affect breath CO 
levels or exhaled CO levels.

Method

In the light of above literature present study was 
undertaken to compare smokers and non-smokers. Study 
consisted of 100 subjects who visited Al Badar Dental 
College and Hospital during OPD hours. The subjects were 
informed of the purpose of the Smokerlyser and were 
reassured that the results were confidential in order to 
encourage accurate reporting of smoking habits. Background 
information about their health, age, gender, smoking habits, 
frequency of smoking. The subjects who have minimal 
respiratory symptoms included. The subjects were detected 
only by means of clinical questioning, and were commonly 
considered to be normal among smokers. All subjects were 
asked to provide one breath into Smokerlyser.

Exhaled CO concentration was measured using the 
the Micro+ Smokerlyser. Micro+ Smokerlyser is reported 
to correlate closely with blood carboxyhaemoglobin 
concentration in smokers and in non-smokers, and it is 
an inexpensive, portable CO monitor [9,12]. The subjects 

are asked to exhale completely, inhale fully, and then hold 
their breath for 15 s before exhaling rapidly into disposable 
mouthpiece which help to standardize the breath analysed 
by smokerlyzer. The subjects who have minimal respiratory 
symptoms included which were detected only by means of 
clinical questioning, and were commonly considered to be 
normal among smokers. Finally, all subjects were asked to 
provide one breath into Smokerlyser.

Statistical Data Analysis

Statistical analyses were done by IBM SPSS 20.0 version 
software. Collected data were spread on excel sheet and 
prepared master chart. Through the master chart tables 
and graphs/diagrams were constructed. For quantitative 
data analysis t-test was applied for statistical significance. If 
P-value is less than 0.05 considered as significant.

Results

Exhaled CO was detectable in all subjects. Ambient air 
concentrations of CO were at 0–18 ppm level during the 
measurements. Breath CO levels were assessed in a total of 
100 subject; 50 of them were smokers 9), 50 of them was 
non-smokers.

For the smokers, the mean daily consumption of 
cigarettes was 19.79±9.04 cigarettes/d and all of them 
reported that they had smoked on the day of testing.

The mean age of all smokers and non-smokers is 38.83 
years, the mean age of smokers is 39.56 years and mean 
age of non-smokers is 38.10 years. There was no statistical 
significant difference of mean age of smokers and non-
smokers (P>0.05). In smokers all cases 50 (100.0%) cases 
are males and in non-smokers 26 (52.0%) cases are males 
and 24 (48.0%) cases are females as shown in Table 1 & 
Figure 1.

Age in years
Smokers Non-smokers Total

No. % No. % No. %
21-30 15 30 10 20 25 25
31-40 11 22 21 42 32 32
41-50 12 24 15 30 27 27
51-60 10 20 3 6 13 13

>60 2 4 1 2 3 3
Total 50 100 50 100 200 100

Mean ± SD 39.56 ± 12.51 38.10 ± 8.91 38.83 ± 10.71
t-test value and P-value t = 0.672 P = 0.503 NS

NS= not significant, S=significant, HS=highly significant, VHS=very highly significant 
Table 1: Age wise distribution of smokers and non-smokers.
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Figure 1: Multiple bar diagram represents age wise distribution of smokers and non-smokers.

The mean carbon monoxide in the smokers was 6.34 PPM 
and the mean carbon monoxide in non-smokers was 1.26 
PPM. There was statistically very highly significant difference 

of mean CO among smokers and non-smokers (P<0.001). 
The mean CO in smokers had observed significantly high as 
compare to non-smokers. As shown in Table 2 & Figure 2.

Groups
Carbon Monoxide in PPM t-test value

P-value and significance
Mean Standard Deviation P-value

Smokers 6.34 PPM 4.89
t = 7.161

P = 0.000
Non-smokers 1.26 PPM 1.08 VHS

VHS=very highly significant
Table 2: Comparison of CO among smokers and non-smokers.

Figure 2: Smokers and Non-smokers.

Discussion

There are various methods of assessing smoking status. 
Nicotine, cotinine, or thiocyanate levels in the plasma or 

urine may be used to asses smoking status. However, the 
blood tests are invasive and neither the blood nor the urine 
test provide an immediate assessment. The measurement 
of breath CO level is an immediate, non-invasive or easiest 
method of assessing smoking status [12].

This study supports that measuring breath CO levels 
provides an immediate, non-invasive, simple, and effective 
way of confirming a patient’s smoking status. Exhaled CO 
levels were higher in smokers than in non-smokers [12,14]. 
Also in our study, the exhaled CO level with the Smokerlyser 
was significantly higher in smokers than non-smokers 
and the values of exhaled CO in smoking and non-smoking 
subjects were similar to those of previous study [1,14]. There 
is direct relationship between the smoking status of a given 
individual and the concentration of carboxyhaemoglobin 
(COHb) in their blood [15-17].

Our results shown that exhaled CO levels may be used 
to distinguish smokers from non-smokers as same as the 
others. Our results shown that the optimal cut-off was 6.34 
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ppm, giving 90% sensitivity and 83% specificity. Similarly, 
Middleton and Morice [12] reported that the optimal cutoff 
was 6 ppm (selectivity 96%, sensitivity 94%). Jarvis, et al. 
[6] reported that the optimal cutoff was 8 ppm. Jarvis, et al. 
[6] shown that the second breath CO level was significantly 
higher than the first. In contrast Middleton and Morice [12] 
reported that the first breath CO level was significantly 
higher than the second and they recommended that a 
single Smokerlyser assessment should usually be sufficient, 
provided that there is adequate technique.

For this reason in present study exhaled CO levels were 
assessment with the first measurement. In a previous study 
it was stated that exhaled CO may be affected by ambient CO. 
In contrast, Zetterquist, et al. [13] study shown that ambient 
air did not affect the exhaled CO levels when subjects held 
their breath for 10s. Since there seems to be no contribution 
of CO from the conducting airways it must have its origin 
from the alveoli. Our results shown that there was a direct 
relationship between daily consumption of cigarettes and 
CO levels, and between duration of smoking and CO levels 
in smokers. The increase in CO concentrations after breath-
hold also supports this view.

A standardized time of breath-hold of 15 s was used 
in all the experiments which should have been sufficient 
for equilibrium to take place [13]. Since we also ask to the 
subjects to hold their breath for 15s we did not consider the 
impact of ambient air.

In normal day to day life exposure of carbon monoxide 
occurs due to environmental pollution, occupational 
exposure, passive smoking but the common cause and higher 
levels of exposure due to smoking.

In clinical practice, it would be important to ensure the 
Smokerlyser was calibrated regularly. This was not a problem 
in this study because of the measurements were done in 5 
days at the open air near the student healthy club desk after 
the Smokerlyser calibrated. Moreover, we think that exhaled 
CO level likely is not affected the ambient air because of the 
measurements were done at the open air.

Conclusion

Exhaled CO measurements may provide a non-invasive, 
sensitive, and immediate way of assessing a patient’s smoking 
status. CO measurement will replace at some stage the usual 
question regarding the number of cigarettes consumed. 
Moreover, exhaled CO level is recommended for evaluating 
the exposure of passive smoking. Determining of exhaled CO 
level more than 6.5 ppm strongly suggests that subject is a 
smoker.
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