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Exhaled Carbon Monoxide Level as an Indicator of
Smoking among Undergraduate Students
in Bangkok Metropolis and Bangkok Metropolitan
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Faculty of Medical Technology, Huachiew Chalermprakiet University, Samut Prakan Province, Thailand

Abstract

Measurement of exhaled carbon monoxide (eCO) has been used to evaluate tobacco
smoking with a range of eCO cut-off point depending on specific populations. Early initiation
of smoking before 20 years of age has been associated with greater consumption, longer duration
of smoking, and increased nicotine dependence, consequently, influencing smoking cessation.
This study aimed to apply eCO test as a tool for smoke free environment campaign by examining
baseline eCO levels, the sensitivity and specificity of eCO test, and optimal cut-off value for
smoking assessment in samples of the undergraduate students. Total of 389 undergraduate
students living in Bangkok Metropolis and Bangkok Metropolitan underwent a measurement of
eCO levels and completed questionnaire-based interview seeking demographic information and
details of exposure to tobacco smoke, smoking habits and smoking-related knowledge. Active
smokers (n = 200) had significantly higher eCO levels than non-smokers (n = 138) and passive
smokers (n = 51) [median (95% CI); 9.00 (8.00, 11.00) ppm vs 3.00 (3.00, 3.00) ppm vs 2.00
(2.00, 3.00) ppm, p < 0.001], respectively. The eCO level at > 6 ppm was optimal cut-off value
to classify smokers, with sensitivity of 76.50% and specificity of 96.38%. When excluding data
of smokers with > 6-hour since last cigarette, sensitivity increased to 84.12%. Obviously, active
smokers who desired to quit smoking (n = 123) had a significantly higher awareness scores than
those who did not (n =73) (4.02 £0.95 vs 3.14 * 1.31, p < 0.001). In conclusion, eCO test with
optimal cut-off at > 6 ppm is an effective tool to validate smoking status among undergraduate
students and raise the student’s awareness on adverse effect of smoking. The reliability of test

increased if an individual smoked with < 6-hour prior to test.

Keywords: Exhaled carbon monoxide, Tobacco smoking, Undergraduate students

*Corresponding author E-mail address: chompunoot.sint@gmail.com
Received: May 4, 2018 Revised: July 11, 2018 Accepted: August 16, 2018



Exhaled Carbon Monoxide Level as an Indicator of Smoking among Undergraduate Students

in Bangkok Metropolis and Bangkok Metropolitan

Introduction

Smoking is responsible for considerable
morbidity and mortality worldwide. It is
usually associated with noncommunicable
diseases (NCDs), such as lung cancers, heart
and respiratory diseases, and a major factor in
deaths from communicable diseases such as
tuberculosis, and lower respiratory infection.")
Smoking increases the risk of dying from
cancer and other diseases in cancer patients and
survivors. It can induce insulin resistance,
causes diabetes and general adverse effects on
the body including inflammation and impaired

. . @
immune function.®

In addition to smoking,
exposure to secondhand tobacco smoke has
been causally linked to cancer, respiratory and
cardiovascular diseases, and to adverse effects
on the health of infants and children.”®
In 2016, the prevalence of current tobacco
smoking in Thai adult were 20.7%, of which
18.2% were daily smokers.” Smokers mostly
started their first cigarette smoking at the age
of 17.8 years and continuing smoke habit at
the age of undergraduate,19.5-years—old.(8)
Carbon monoxide (CO) is a poisonous,
colorless and odorless gas found in tobacco
smoke. It is 200 times faster at binding with
hemoglobin in red blood cell than oxygen
molecule, resulting in reduction of oxygen
transport, causing hypoxia. The symptoms of
CO poisoning may vary depends on the amount
and duration of exposure ranging from

headache, dizziness, nausea, increased heart

rate to death.” The measurement of exhaled
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carbon monoxide (eCO) is a method to
evaluate smoking status as CO is rapidly
absorbed into the bloodstream when lit
cigarettes are inhaled. It has been shown in
several studies to be an effective and easy tool
for smoking assessment as it is non-invasive
with high sensitivity and specificity.(lo_lz)
Particularly, the available measurement of eCO
level with portable hand-held eCO analyzer,
which can immediately share the results to the
participants especially smoker and thus can
depict the harmful effects of smoking. This
may affect smoker’s subsequent smoking
behavior. Thereby, eCO measurement can be
used as part of the smoking prevention
campaign and intervention as the numerous
evidences show that eCO test was suitable
for both clinical and community-based
studies. > However, previous studies
revealed that the optimal eCO cut-off values
for evaluating smoking status were varied
in different populations depending on the
characteristics of studied populations and the
intended use of the eCO test.""”** In this study,
we aimed to apply eCO test as a tool for smoke
free environment campaign in undergraduate
students by estimating baseline exhaled carbon
monoxide levels, examining the sensitivity
and specificity of the eCO test and defining
the optimal cut-off value for recent smoking
assessment in samples of the undergraduate
students living in Bangkok metropolis and

Bangkok metropolitan.
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Materials and methods

The study was approved by the ethics
review committee at Huachiew Chalermprakiet
University. Total of 389 undergraduate students
living in Bangkok Metropolis and Bangkok
Metropolitan were recruited in the study; 200
active smokers, 51 passive smokers and 138
non-smokers. Participants were classified as
active smokers if they had smoked a cigarette
within the last 24 hours. Passive smokers
were those who do not smoke but considered
themselves to be exposed to tobacco smoke
from intimate friends or relatives at least once
per week during the past week. Non-smokers
were defined as participants who do not smoke
or refrained from smoking for more than
6 months and considered themselves had not
been exposed to smoke exhaled by smokers.
Informed consents were obtained from all
participants. Background information about
their smoking-related knowledge, awareness
of tobacco smoking effects, smoking habits and
exposure to passive smoke was obtained using
questionnaire-based interview. Active smokers
were asked to complete the Fagerstrom Test of
Nicotine Dependence (FTND). All participants
underwent a measurement of exhaled carbon
monoxide (eCO) levels by using electrochemical
sensor-based piCO" Smokerlyzer® (Bedfont
Scientific Ltd, England) and the results were
informed immediately with short advices.
The eCO levels in all groups were reported as
part per million (ppm). The eCO levels between

different groups were compared using Krus-
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kal—Wallis H test and Mann—Whitney U test.
The receiver operating characteristic (ROC)
curve, sensitivity, specificity, positive and
negative predictive values were calculated to
evaluate validity of eCO test for assessment of
smoking status among participants. Spearman’s
Rho correlation coefficients were calculated
to assess the relationships between eCO
levels and smoking behaviors and nicotine
dependence. The awareness score about adverse
effect of tobacco smoking was calculated using
linear scale from no awareness (score = 0)
to maximum awareness (score = 5).
Kruskal—Wallis H test and Mann—Whitney U
test were used to compare parameters between

different groups.

Results

The demographic characteristics of 389
participants comprising 255 male and 134
female undergraduate students are shown in
Table 1. The median (95% confidence interval)
of eCO level in active smokers was 9.00 (8.00,
11.00) ppm (range 1-41); non-smokers was
3.00 (3.00, 3.00) ppm (range 0-8); passive
smokers was 2.00 (2.00, 3.00) ppm (range 1-6).
As expected, the eCO levels were signifi-
cantly higher in active smokers compared with
passive smokers and non-smokers (p < 0.001).
In non-smokers, male had a higher eCO level
than female [4.00 (3.00, 4.00) ppm vs 3.00
(3.00, 3.00) ppm, p < 0.01]. In passive
smokers, there was no significant correlation

between eCO levels and frequency of passive



Exhaled Carbon Monoxide Level as an Indicator of Smoking among Undergraduate Students 6593
in Bangkok Metropolis and Bangkok Metropolitan

Table 1 Demographic characteristics and exhaled carbon monoxide (eCO) levels of study partici-

pants

Tobacco smoking

Characteristics

Non-smokers Passive smokers Active smokers
(n = 138) (n = 51) (n = 200)
Age, year (mean + SD) 21.58 + 2.80 2118 £ 1.20 21.70 £ 1.66
Gender, n (%)
Male 40 (29.0%) 25 (49.0%) 190 (95.0%)
Female 98 (71.0%) 26 (51.0%) 10 (5.0%)
eCO level, n
0 ppm 4
1 ppm 10 14 1
2 ppm 27 17 8
3 ppm 46 16 9
4 ppm 28 3 11
5 ppm 18 18
6 ppm 2 1 12
7 ppm 2 18
8 ppm 1 13
9 ppm 11
10 ppm 9
11-15 ppm 35
16-20 ppm 36
21-25 ppm 11
26-30 ppm 5
> 31 ppm 3
eCO level (ppm), 3.00 (3.00, 3.00) 2.00 (2.00, 3.00) 9.00 (8.00, 11.00)* °

median (95%

confidence interval)

& significant difference in eCO level at p < 0.001, compared with non-smokers group.
b significant difference in eCO level at p < 0.001, compared with passive smokers group.
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smoke exposure (p > 0.05). Active smokers
had smoked for 4.88 * 2.82 year (range 1-17)
and had average FTND score of 2.53 * 2.18
(range 0-8). There were significantly positive
correlations between eCO level of active
smokers and duration of smoking habit (r =
0.181, p < 0.05), daily cigarettes consumption
(r=0.375, p<0.001), number of days smoked
in a week (r = 0.433, p < 0.001), and FTND
scores (r = 0.528, p < 0.001) (Table 2). The
significant increases of the eCO levels were

observed in smokers with increasing number
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of cigarettes smoked per day (p < 0.001),
increasing smoking frequency (p <0.001), and
the increase of FTND scores (p < 0.001) as
shown in Table 3. There were negative
correlations between the age of smoking
initiation and the duration of smoking habit
(r = -0.848, p < 0.001), daily cigarettes
consumption (r = -0.473, p < 0.001), number
of days smoked in a week (r = -0.426,
p < 0.001), and FTND scores (r = -0.284,
p < 0.001) (Table 2).

Table 2 Correlations between exhaled carbon monoxide (eCO) level, age of smoking initiation and

smoking characteristics

Correlations r p-value
eCO level and
Duration of smoking habit 0.181 0.010°
Daily cigarette consumption 0.375 0.000°
Frequency of smoking (days per week) 0.433 0.000°
Fagerstrom Test of Nicotine Dependence (FTND) score 0.528 0.000°
Age of smoking initiation and
Duration of smoking habit -0.848 0.000°
Daily cigarette consumption -0.473 0.000°
Frequency of smoking (days per week) -0.426 0.000°
Fagerstrom Test of Nicotine Dependence (FTND) score -0.284 0.000°

& significant correlation at p < 0.05.

b significant correlation at p < 0.001.
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Table 3 Exhaled carbon monoxide (eCO) levels in active smokers

eCO level (ppm),

Characteristics n
median (95% confidence interval)
Number of cigarettes smoked per day
1-5 88 7.00 (6.00, 8.00)
6-10 79 13.00 (9.00, 15.00)%
11-15 14 12.00 (8.03, 18.00)"
16-20 15 13.00 (8.50, 17.00)%
> 21 4 13.00 (8.00, 29.00)
Frequency of smoking (days per week)
1-2 16 5.00 (3.00, 6.00)
3-4 27 6.00 (4.00, 7.00)
5-6 29 10.00 (7.00, 15.00)°°
7 128 11.50 (10.00, 14.00)>°
Fagerstrom Test of Nicotine Dependence (FTND) score
Very low (0-2) 113 7.00 (6.00, 8.00)
Low (3-4) 46 12.00 (9.00, 16.00)°
Moderate (5) 11 15.00 (11.00, 20.00)
High (6-7) 28 16.00 (10.00, 19.00)°
Very high (8-10) 2 24.00 (18.00, 30.00)°

@ significant difference in eCO level at p < 0.05, compared with 1-5 cigarettes smoked per day.

b significant difference in eCO level at p < 0.001, compared with 1-2 days per week.

¢ significant difference in eCO level at p < 0.01, compared with 3-4 days per week.

d significant difference in eCO level at p < 0.01, compared with very low FTND score.

The eCO level was inversely related
to the lapsed time since last cigarette smoked
as its level decreased over time (Table 4). High
eCO levels were observed within individuals
who smoked within the last 6 hours. Consis-
tently, the eCO results of smokers with < 6
hours since last cigarette smoked were statisti-

cally significantly higher, compared to smokers

with > 6 hours since last cigarette smoked
(p < 0.001).

When active smokers and nonsmokers
were examined as a whole, a cut-off indicating
the optimal equilibrium between sensitivity and
specificity was > 6 ppm. However, when using
the data of smokers with < 6 hours since last

cigarette smoked, the optimal cut-off point was
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Table 4 Exhaled carbon monoxide (eCQO) levels in active smokers with various length of time since

the last cigarette

Length of time since the last cigarette (h)

1 2 3 4-6 7-12 13-24
(n=123) (n = 36) (n=7) (n=4) (n=4) (n = 26)
eCO (ppm) 12.00 11.00 9.00 6.50 5.00 4.00
(10.00,14.00)  (8.00, 14.00) (7.00, 12.00) (2.00, 8.00/*" (5.00, 7.00)**¢ (4.00, 6.00/*>°
< 6 h since the last cigarette (n = 170) > 6 h since the last cigarette (n = 30)
eCO (ppm) 11.00 (10.00, 13.00) 5.00 (4.00, 5.99)°

NOTE: data shown as median (95% confidence interval).

3significant difference in eCO level at p < 0.05, compared with 1 hour since the last cigarette.
bsigniﬁcant difference in eCO level at p < 0.05, compared with 2 hours since the last cigarette.
Csignificant difference in eCO level at p < 0.05, compared with 3 hours since the last cigarette.

dsigniﬁcant difference in eCO level at p < 0.001, compared with length of time since the last cigarette < 6 h group.

> 6 ppm with increased sensitivity. At cut-off
value of > 6 ppm, the positive predictive value
(PPV) and negative predictive value (NPV)
were 96.84% and 73.89%, respectively. The
exclusion of smokers with > 6 hours since last
cigarette smoked data increased the NPV
(83.13%). As shown in Fig. 1A, the significant
contribution to the area under the curve (AUC)
with 95% confidence interval was 0.912 (0.881,
0.943) at the eCO cut-off of > 6 ppm (p <
0.001), suggesting a good diagnostic accuracy
to predict smoking status. With the data for
smokers who had last cigarette over 6 hours
prior to eCO testing excluded from the ROC
analysis (Fig. 1B), the area under the curve at
eCO cut-off of > 6 ppm increased marginally
to AUC with 95% confidence interval of 0.936
(0.906, 0.965), p < 0.001.

As depicted in Table 5, the background
knowledge about tobacco smoking of 3 study
groups by questionnaire-based interview
showed that most of the students knew the
definition of second-hand smoke (76.3%) but
not third-hand smoke (33.2%). The health risks
of tobacco smoking participants mostly knew
were lung cancer (96.7%), emphysema (83.8%),
laryngeal cancer (75.1%), asthma (63.5%),
cardiovascular disease (58.6%), hypertension
(46.8%) and diabetes (23.7%). The average
score on the awareness of the adverse effect of
tobacco smoking due to eCO testing was
3.86 £ 1.13 (total score = 5) (Table 6). Active
smokers had significantly lower awareness
scores compared to passive smokers and
non-smokers (3.70 = 1.17 vs 3.92 + 1.23 vs
4.07 £ 0.99, p < 0.01). Obviously, smokers
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Fig. 1 Receiver operating characteristic (ROC) curve. 1-specificity (x-axis) was plotted against

sensitivity at exhaled carbon monoxide (eCO) cut-off levels from 1 ppm to 10 ppm. The

numbers placed along the ROC curve indicate eCO cut-off levels. (A) Data analysis using

non-smokers and active smokers. (B) Data analysis using non-smokers and active smokers

with less than 6-hour last cigarette smoked. Area under curve (AUC) was calculated.

Table 5 Background knowledge on tobacco smoking in active smokers, passive smokers, and

non-smokers from questionnaire-based interview

Background knowledge

Tobacco smoking

Non-smokers Passive smokers Active smokers

(n = 138) (n = 51) (n = 200)

Types of tobacco smoke (n, %)

Second-hand smoke 115 (83.3%) 25 (49.0%) 157 (78.5%)

Third-hand smoke 60 (43.5%) 8 (15.7%) 61 (30.5%)
The health risks of tobacco smoking (n, %)

Lung cancer 138 (100.0%) 0 (98.0%) 188 (94.0%)

Emphysema 130 (94.2%) 0 (78.4%) 156 (78.0%)

Laryngeal cancer 8 (71.0%) 7 (72.5%) 157 (78.5%)

Asthma 8 (71.0%) 6 (70.6%) 113 (56.5%)

Cardiovascular disease 7 (63.0%) 8 (54.9%) 113 (56.5%)

Hypertension 5 (47.1%) 9 (56.9%) 8 (44.0%)

Diabetes 8 (27.5%) 11 (21.6%) 3 (21.5%)
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Table 6 Awareness scores of adverse effect of tobacco smoking due to eCO measurement from

questionnaire-based interview

Tobacco smoking

Awareness score, n Non-smokers Passive smokers Active smokers Total
(n = 138) (n = 51) (n = 200) (n = 389)
No awareness (0) 4 1 8 13
Very low (1) 0 2 3 5
Low (2) 1 1 6 8
Moderate (3) 20 15 59 94
High (4) 65 9 72 146
Very high (5) 48 23 52 123
Average scores (mean + SD) 4.07 + 0.99 3.92 + 1.23 3.70 £ 1.17° 3.86 + 1.13

Awareness score, n

Smokers who desired to quit

Smokers who did not desire to quit

smoking (n = 123) smoking (n = 73)
No awareness (0) 2 6
Very low (1) 0 3
Low (2) 2 4
Moderate (3) 28 30
High (4) 49 22
Very high (5) 42 8
Average scores (mean + SD) 4.02 + 0.95 3.14 = 1.31°

@ significant difference in awareness scores at p < 0.001, compared with non-smokers group.

b significant difference in awareness scores at p < 0.001, compared with smokers who desired to quit smoking

group.

who desired to quit smoking had a signifi-
cantly higher awareness scores than smokers
who did not want to quit smoking (4.02 = 0.95
vs 3.14 = 1.31, p < 0.001). Out of 196
smokers, 123 smokers (62.8%) decided to quit
smoking, of which 66 smokers (53.7%) want
to stop smoking by themselves, 33 smokers
(26.8%) need guidance from counseling (The
Thai National Quitline center; The Quitline

1600) and 24 smokers (19.5%) decided to try
0.5% sodium nitrate mouthwash to stop

smoking.

Discussion

The eCO measurement has been
shown to be an immediate, non-invasive,
simple and effective test for confirming

smoking status."*"*'® These findings indicate
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that eCO can be effectively used to validate
smoking status in undergraduate student
population. In this study, we demonstrated the
significantly high level of eCO in active
smokers, compared to non-smokers and passive
smokers, consistently with the previous
studies.'" ** *» The eCO levels of passive
smokers are about the same levels as non-
smokers and did not correlate to the frequency
of passive smoke exposure, although other
studies have demonstrated increased eCO levels
with passive smoking in non-smokers.** >
These dissimilarities may depend on inclusion
criteria of passive smokers in each study including
the frequency and duration of exposure and
other factors such as the amount of CO exposed,
the exhale rate of subjects and the lapsed times
between exposure and eCO testing as the decline
rate of eCO was about 2.1 to 7.5 ppm per hour,
depending on the initial eCO level.? 2 In
non-smokers, male students had higher eCO
levels than females, correlating to the study by
Zhang et al™ Our results were consistent
with other studies that the higher eCO levels
in smokers were associated with the longer
duration of smoking, higher daily cigarette
consumption, increase of smoking frequency
and a higher FTND score.'% %% 2D We found
that the early initiation of cigarette smoking is
significantly related to greater consumption
(frequency and number of cigarettes smoked),
longer duration of smoking, and increased
nicotine dependence.

The eCO levels significantly decreased
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inversely to the time since last cigarette smoked.
This significantly negative correlation between
the time of last cigarette smoked and eCO
levels could be explained based on the half-life
of CO being 5 to 6 hours.® ** Our results
support this as the significantly higher eCO
levels in smokers with < 6 hours last cigarette
smoked, relative to smokers who smoked last
cigarette more than 6 hours.

The eCO cut-off level that has been
used to validate smoking status in different
population groups can be in a range of 3 to
10 ppm, which depends on the specific charac-
teristics of population such as ethnics, age and
sociocultural patterns of smoking.m’ 14.19.22.30
In this study, the ROC analysis revealed that
the eCO level at > 6 ppm was the optimal
cut-off value to classify undergraduates who
had smoked from non-smokers, with sensitivity
of 76.50% and specificity of 96.38%. Further-
more, the results demonstrated that the
sensitivity of the eCO test increased from
76.50% to 84.12% and the negative predictive
value (NPV) increased from 73.89% to 83.13%,
when excluding the data of smokers with more
than 6-hour since last cigarette, suggesting that
lapsed time since last cigarette smoked is the
factor which should be considered when using
eCO test to assess smoking status. Hence,
this cut-off level may be useful in detecting
smoking status in individual students who have
smoked within the last six hours.

As the results, forty-seven (23.5%)

active smokers had eCO values below the > 6
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ppm cut-off. Twenty of these (42.6%) had the
last cigarette more than 6 hours prior to the
eCO test. These could be due to the short half-
life of eCO as seen in our study that the eCO
level decreased over the time since the last
cigarette. Nonetheless, smokers who smoke
only few cigarettes per day can also have
normal eCO level.'% 129 Op the other hand,
there were five (3.6%) non-smokers with eCO
> 6 ppm. These discrepancies may imply false
self-report or exposure to other sources such
as public transportation.

The questionnaire-based interview
revealed the background knowledge about
tobacco smoking of undergraduate students.
About 66.8% of all participants did not know
about third-hand smoke. Fewer than 50% of
the students knew that cigarette smoking causes
some health risks such as hypertension and
diabetes, similar to study by Phanucharas and
Chalongsuk.m) Thus, the less knowledge about
tobacco smoke adverse effects may result in
the less concern regarding tobacco smoking.
However, we demonstrated the effectiveness
of using eCO test in smoke free environment
campaign as it can raise the awareness about
the adverse effect of tobacco smoking,
especially in smokers who determined to stop
smoking, compared with smokers who did not
want to quit smoking. These were probably due
to the immediate results reflecting participant’s
smoking status that could denote the harmful
effects of tobacco smoking. The data also

showed that the average age of smoking
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initiation in smokers was 16.81 * 2.56 years
(range 7-25), similar to the results (17.1 and
17.8 years) reported by Phanucharas and
Chalongsuk, and Tobacco Control Research
and Knowledge Management Center, respec-
tively.(g’ D It has been described that initiation
of cigarette smoking before 20 years of age has
been associated with greater consumption,
longer duration of smoking, and increased
nicotine dependence, consequently, influencing
smoking cessation.®? For these reasons, the
use of eCO test for smoke free environment
campaign among undergraduate students may
potentially raise smoking student’s concern and
lower the number of young smokers in the long

run.

Conclusion

The use of eCO test which provides a
quick, simple, non-invasive and inexpensive
method for smoking status assessment was an
effective tool to raise the undergraduate
student’s awareness on smoking effect, espe-
cially in smokers. The immediate eCO result
reports demonstrated instantly the adverse
effects of smoking. Our results suggested that
eCO at > 6 ppm is an optimal cut-off to verify
smokers with high sensitivity and specificity.
The lapsed time since last cigarette was the
factor affecting eCO results in students who
smoked, increased sensitivity was observed in
smokers within less than 6-hour after the last

cigarette.
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