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Background: Recent data has shown that a great number of Thai adults as well as people worldwide have
died from smoking-related diseases. Measurements of exhaled carbon monoxide have been increasingly used
to evaluate smoking status and cutoff levels of exhaled carbon monoxide and have been widely reported
among other populations but not for the Thai people.

Objective: The purpose of the present research was to study the proper cutoff level for exhaled carbon monoxide
for detecting smoking status among urban Thai adults residing in Khon Kaen province, Thailand as well as to
study the effect of baseline characteristics in modifying the cutoff level of exhaled carbon monoxide.

Study Design: Cross-sectional analytic study.

Material and Method: The present study employed existing data whereby the study subjects comprised a total
of 420 Thai adults, aged 15-70 years, residing in urban Khon Kaen province, Thailand during the year 2006.
The data was obtained through interview and exhaled carbon monoxide measurement. The analyses employed
descriptive, bivariate, and multivariable logistic regression.

Results: Findings from the final multivariable logistic regression model revealed good relation between
exhaled carbon monoxide levels and tobacco smoking status. Other variables in the model included age-
group and the interaction between exhaled carbon monoxide and age-group. Further analysis showed a
greater odds ratio in the older age-group, with the odds ratios (95% CI) being 2.50 (1.87, 3.34) and 1.46
(1.31, 1.63) in the older (41-70 years) and younger (15-40 years) age-groups, respectively. In addition,
proper cutoff of exhaled carbon monoxide for the older age-group was suggested as 7 ppm, while 8 ppm was
more appropriate for the younger age-group. Based on the findings, a baseline characteristic for age modified
cutoff level of carbon monoxide was established.

Conclusion: Differences in baseline characteristics should be considered in evaluating smoking status when
choosing the cutoff level of exhaled carbon monoxide for any population.
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At least five million smokers worldwide and
52,000 Thai people die annually from smoking-related
diseases®. Primarily, assessment of smoking status is
often based on questionnaire. Until recently, measure-
ments of exhaled carbon monoxide level have been
used to increase the validity of smoking investigation
due to the fact that the measurement of exhaled carbon
monoxide level is simple to use, non-invasive, cheap,
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and portable. Moreover, this method can provide an
immediate assessment of smoking status. It has been
reported that the use of carbon monoxide monitor to
demonstrate an immediate and potentially harmful
consequence of smoking resulted in an increased
number of people who complied with advice to quit
smoking®®. A number of studies have suggested
different cutoff levels for exhaled carbon monoxide in
detecting smoking status“*?, and the possibility that
exhaled carbon monoxide cutoff may vary according to
different populations was once proposed®.
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The relationship between exhaled carbon
monoxide level and smoking status has been reported
elsewhere but not among the Thai people. Therefore,
the first objective of this research was to study the
proper cutoff level for exhaled carbon monoxide in
detecting smoking status among urban Thai adults
residing in Khon Kaen province, Thailand. Moreover,
there is no evidence thus regarding the influence of
important baseline characteristics including age or
age-group, gender, income, education, or occupational
status of the people in the present study with regard to
their effect exhaled in detecting/determining smoking
status. Therefore, the second objective aimed to study
the effect of baseline characteristics and their impact in
modifying cutoff level of exhaled carbon monoxide
among this group of Thai people.

Material and Method

Four hundred and twenty people, aged 15-70
years (mean age = 38.3 years), who resided in the urban
area of Khon Kaen province, Thailand during 2006 were
included in the present study. After the participants
were informed of the purposes of the study, they were
interviewed about their health, smoking status as well
as background characteristics by a well-trained inter-
viewer. Then, their exhaled carbon monoxide was
measured using a portable Micro CO Meter (Micro
Medical Ltd, Kent, UK). All people were reassured
that the results were confidential in order to encourage
full cooperation. The research protocol was approved
by the Ethics Committee for Human Research at Khon
Kaen University, Khon Kaen, Thailand.

Interview

Assessment of baseline characteristics included
age (year), gender (male/female), education (none & lower
primary school/upper primary school/lower secondary
school/upper secondary school/vocational school
university degree), monthly income (baht), marital
status (single/married/widow/divorced), occupational
status (unemployed/agriculture/government service/
industrial worker/business/others) and religions
(Buddhist/others). People who reported existing
respiratory disease or systemic disease of any kind
were excluded from the analysis. Questions on smoking
history categorized the healthy participants into smoker
and nonsmoker groups. A smoker was defined as a
person who has smoked at least one cigarette a day for
aminimum of one year. A Non-smoker was defined as a
person who had never smoked cigarettes in the past 10
years before the time of the interview.
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Exhaled carbon monoxide measurement

Exhaled carbon monoxide level was measured
using the Micro CO Meter (Micro Medical Ltd, Kent,
England). The measurement of exhaled CO was done in
an open-air environment. The subjects were asked to
exhale completely, inhale fully, and then hold their
breath for 15 sec before exhaling rapidly into a dispos-
able mouthpiece. Ambient CO levels were recorded
before each breath to make sure that during measure-
ments of exhaled CO in every participant, ambient air
concentrations of CO were at 0-2 ppm. Based on the
present study protocol requiring that all participants
hold their breath for 15 seconds, undue impact of
ambient air was not expected. The standardized breath-
hold time of 15 sec. was determined to be adequate for
equilibrium to take place®.

Statistical analysis

The data management and analysis were done
using SPSS for Windows version 11.5. Results were
expressed for descriptive, bivariate, and multivariable
logistic regression analyses. The Mann-Whitney U
test was used to detect difference in mean CO levels
between smokers and non-smokers based on the
skewed distribution of this variable while an indepen-
dent t-test was used to test for mean difference for
continuous variables with normal distribution. For all
categorical variables, differences between proportions
based on Chi-square test were assessed. A value of p
less than 0.05 was considered statistically significant.
Multivariable logistic regression was used to model
the relationship between exhaled CO level and smoking
status.

Validity of the exhaled CO measurement was
determined at different cutoff levels (6,7,8,9, and 10
ppm) using sensitivity, specificity, positive predictive
value, negative predictive value, likelihood ratio posi-
tive (LR+), likelihood ratio negative (LR-) and odds
ratio (OR). The assessments were calculated for all
participants as well as for the age-groups 15-40 and
41-70 years.

Results

Exhaled CO levels were assessed in 420
subjects - 310 males (73.8%) and 110 females (26.2%).
Among these, 169 (40.2%) were healthy smokers and
251 (59.8%) were healthy non-smokers. Results from
Table 1 showed that the mean exhaled CO level was
12.47 +9.28 ppm for healthy smokers and 3.07 + 2.69
ppm for healthy non-smokers. The mean exhaled CO
level was significantly higher among healthy smokers
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compared to healthy non-smokers (p < 0.001; Mann-
Whitney U test).

The bivariate relationships of CO level and
baseline characteristics including age, age-group
(which was categorized into 15-40 and 41-70 years to
ensure adequacy of sample size in each group), monthly
income, gender, marital status, education, occupation
and religion, with smoking status are also shown in
Table 1. Independent t-testing revealed a statistically
significant difference for mean age between smokers
and non-smokers. Smokers were younger compared to

non-smokers (mean age 35.43 + 15.02 for smokers and
40.31 + 13.78 for non-smokers, p < 0.001; independent
t-test). The major proportion of smokers (99.4%) were
males (p <0.001; Chi-square test), single male(51.5%,
p < 0.001; Chi-square test) who worked in rice fields
(53.1%, p =0.012; chi-square test).

Table 2 displays findings from multivariable
logistic regression analyses connecting smoking
status (yes/no) to other variables. From this Table, all
other social demographic variables were not related to
smoking status and only exhaled CO, age-group, and

Table 1. CO level and baseline characteristics of non-smokers and smokers? (n = 420)

Variable Tobacco smoking p-value
No (n = 251) Yes (n = 169)
CO level (mean + SD in ppm) 3.07+2.69 12.47 +9.28 <0.001°
Age (mean + SD in year) 40.31 +13.78 35.43 + 15.02 0.001°
Monthly income (mean + SD in baht) 6573.00 + 7362.00 5687.00 + 4750.00 0.135
Age group 0.030¢
15-40 years 129 (51.4%) 105 (62.1%)
41-70 years 122 (48.6%) 64 (37.9%)
Gender <0.001¢
Male 142 (56.6%) 168 (99.4%)
Female 109 (43.4%) 1 (0.6%)
Marital status <0.001¢
Single 59 (23.5%) 77 (45.6%)
Married 172 (68.5%) 82 (48.5%)
Widow 12 (4.8%) 2 (1.2%)
Divorced 8 (3.2%) 8 (4.7%)
Education 0.282
No education & Lower primary school 84 (33.5%) 47 (28.0%)
Upper primary school 33 (13.1%) 23 (13.7%)
Lower secondary school 18 (7.2%) 12 (7.1%)
Upper secondary school 53 (21.1%) 29 (17.3%)
Vocational school 17 (6.8%) 8 (4.8%)
University degree & higher 46 (18.3%) 49 (29.2%)
Occupational status 0. 012¢
Unemployed 22 (8.8%) 4 (2.5%)
Agriculture 100 (39.8%) 86 (53.1%)
Government service 47 (18.7%) 27 (16.7%)
Worker 47 (18.7%) 33 (20.4%)
Business 25 (10.0%) 10 (6.2%)
Others 10 (4.0%) 2 (1.2%)
Religion 0.653
Buddhism 248 (98.8%) 3(1.2%)
Others 166 (98.2%) 3(1.8%)

2 Total sample for some variables may not add up to 100 per cent due to incomplete data.
® Test of difference between mean ranks (Mann-Whitney U test), p < 0.05.

¢ Test of difference between means (Independent t-test), p < 0.05.

4 Test of difference between proportions (Chi-square test), p < 0.05.
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the interaction between the two variables were retained
in the model with odds ratios at 95% confidence inter-
vals shown in the Table. Based on the finding indicating
that the interaction between exhaled CO and age-group
was statistically significant, the relationship between
smoking status and exhaled CO was assessed further
for the younger (15-40 years) and older (41-70 years)
age-groups.

Results in Table 3 confirmed that the age-
group factor affected proper cutoff level of CO for
detecting smoking status among this population.
From this Table, an increased ratio of CO levels among
older people (age-group 41-70 years) was found when
compared to the younger age-group (15-40 years).

Table 4 provides definition of terms used
in studying validity for measuring the exhaled CO
including sensitivity, specificity, positive predictive
value, negative predictive value, likelihood ratio positive
(LR+), likelihood ratio negative (LR-) and odds ratio
(OR). Sensitivity was defined as the ability of exhaled
CO cutoff to detect smokers when smoking is present,
which was calculated as “a/a+c.” Specificity was the
ability of exhaled CO cutoff to indicate a non-smoker
when a non-smoker is present, which was measured
as “d/b+d.” Positive predictive value indicated the
proportion of the subjects who were defined as smokers
based on exhaled CO cutoff who were actually smokers,
which was calculated as “a/a+b.” Negative predictive
value indicated the proportion of the subjects who were
defined as non-smokers based on exhaled CO cutoff
that were actually non-smokers, which was calculated
as “d/c+d.” Likelihood ratio positive (LR+) was the
ratio of the sensitivity of a test to the false-positive
error rate (alpha error rate), which was calculated as
“[a/a+c] / [b/b+d].” Likelihood ratio negative (LR-)
was the ratio of the false-negative error rate (beta error
rate) to the specificity of a test, which was calculated
as “[c/a+c] / [d/b+d].” Odds ratio (OR) represented the
ratio of the likelihood ratio positive (LR+) to the likeli-
hood ratio positive (LR+), which was simply calculated
as “ad/bc.” Therefore, the ratio of LR+/ LR- (or in other
word the odds ratio) expressed the relationship between
exhaled CO level and smoking status (the higher the
odds ratio, the greater the correlation between exhaled
CO level and smoking status).

Information regarding validity of different CO
cutoff levels for all participants is shown in Table 5.
From this Table, CO cutoff at levels 7, 8, and 9 were
statistically significant (p < 0.05) in detecting smoking
status. CO cutoff at 7 ppm was the optimal cutoff
compared to the others based on sensitivity, specificity,
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Table 2. Conditional odds ratio and 95% CI of variables
associated with smoking status in the final multi-
variable logistic regression model (n = 420)

Variables 95% confidence limit
Odds ratio Lower Upper
Exhaled carbon monoxide? 1.912 1.638 2.232
Age-group® 0.069 0.015 0.323
Interaction® 1.711 1.255 2.332

3 Exhaled carbon monoxide is expressed as ppm

® Age-group is divided into 2 groups - 15-40 and 41-70 years
¢ The interaction is between exhaled carbon monoxide and
age-group

Table 3. Conditional odds ratio and 95% CI of variables
associated with smoking status in the final multi-
variable logistic regression model

Age-group 15-40 years (n = 234)

Variable 95% confidence limit

Odds ratio Lower Upper

Exhaled carbon monoxide 1.462 1.312 1.628

Age-group 41-70 Years (n = 186)

95% Confidence limit

Variable Odds ratio Lower Upper

Exhaled carbon monoxide 2501 1871 3.343
Table 4. Definition of terms used in validity test

Test Gold standard Total

Positive Negative

Positive a b a+b

Negative c d c+d

Total a+c b+d atb+c+d

Sensitivity =a/ a+c

Specificity = d / b+d

Positive predictive =a/ a+b

Negative predictive =d / c+d

Likelihood ratio positive (LR+) = (a/a+c) / (b / b+d)
Likelihood ratio negative (LR-) = (c/a+c)/(d/ b+d)
Odds ratio (OR) =ad / bc = LR+ / LR-
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Table 5. Validity of different CO cutoff points for all participants (n = 420)

Test CO6 CcOo7 CO8 CO9 CO10
ROC Curve*

Area 0.567 0.771 0.780 0.740 0.676

Significant 0.379 0.001 <0.001 0.020 0.088
Sensitivity (%) 78.95 74.27 66.67 57.31 53.22
Specificity (%) 93.65 96.43 96.83 97.22 97.62
Positive predictive (%) 89.40 93.38 93.44 93.33 93.81
Negative predictive (%) 86.76 84.67 81.06 77.04 75.46
Likelihood ratio+ (LR+) 12.43 20.80 21.00 20.63 22.35
Likelihood ratio- (LR-) 0.22 0.27 0.34 0.44 0.48
Odds ratio (OR) 55.31 77.93 61.00 46.99 46.64

ROC Curve* HO: True area=0.5

Table 6. Validity of different CO cutoff points for age group 15-40 years (n = 234)

Test CO6 CcOo7 CO8 CO9 CO10
ROC Curve*

Area 0.591 0.711 0.742 0.653 0.612

Significant 0.381 0.058 0.007 0.294 0.350
Sensitivity (%) 79.05 74.29 68.57 59.05 56.19
Specificity (%) 91.47 93.80 9457 95.35 96.12
Positive predictive (%) 88.30 90.70 91.14 91.18 92.19
Negative predictive (%) 84.29 81.76 78.71 74.10 72.94
Likelihood ratio+ (LR+) 9.27 11.98 12.64 12.70 14.50
Likelihood ratio- (LR-) 0.23 0.27 0.33 0.43 0.46
Odds ratio (OR) 40.47 43.69 38.03 29.56 31.81

ROC Curve* HO: True area=0.5

Table 7. Validity of different CO cutoff points for age group 41-70 years (n = 186)

Test CO6 CcOo7 CO8 CO9 CO10
ROC Curve*

Area 0.544 0.841 0.839 0.835 0.832

Significant 0.694 0.002 0.005 0.022 0.107
Sensitivity (%) 79.69 75.00 64.06 54.69 48.44
Specificity (%) 95.90 99.18 99.18 99.18 99.18
Positive predictive (%) 91.07 97.96 97.62 97.22 96.88
Negative predictive (%) 90.00 88.32 84.03 80.67 78.57
Likelihood ratio+ (LR+) 19.44 91.50 78.16 66.72 59.09
Likelihood ratio- (LR-) 0.21 0.25 0.36 0.46 0.52
Odds ratio (OR) 91.80 363.00 215.70 146.03 113.67

ROC Curve* HO: True area=0.5

area under the ROC curve, predictive values, likelihood  specificity, predictive values, likelihood ratios, and odds
ratios and the highest odds ratio. ratios in Tables 6 and 7 supported the findings from

Results concerning the significance of the previous studies suggesting that different cutoffs of
area under the ROC curve, together with sensitivity, exhaled CO should be selected for different age-groups.
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For the people of age 15-40 years, CO 8 seemed to be
better for detecting smoking status while CO 7 was the
best cutoff to detect smoking status among people
41-70 years.

Discussion

The results from the present study have
shown that exhaled CO levels may be used to distin-
guish smokers from non-smokers. In the present study,
the exhaled CO levels were 3.07 + 2.69 ppm in healthy
non-smokers and 12.47 +9.28 ppm in healthy smokers.
The exhaled CO level of 3.07 + 2.69 ppm in healthy non-
smokers was higher compared with other studies. In
previous studies, exhaled CO levels were determined
as 1.9 + 0.9 ppm in Low et al® study, 1.5+ 0.1 ppm in
Zayasu et al®® study, 1.2 + 0.9 ppm in Yamaya et al®®
study, and 1.2 + 0.3 ppm in Yamaya et al® study.
However, this CO level was comparable to the CO
level from the study of Hung et al (2006) in a study of
exhaled carbon monoxide level in Taiwan whereby the
exhaled CO level in healthy non-smokers was reported
as 4.2 ppm (95% confidence interval 3.3-5.1 ppm)®.

In addition, the exhaled CO level of 12.47 +
9.28 ppm in healthy smokers was lower than the CO
levels from other studies®’*>9). Middleton and Morice
(2000) reported exhaled CO level of 17.4 +11.6 ppm®
while Deveci et al (2004) reported the level of 17.13 +
8.50 ppm in healthy smokers®. Zayasu et al (1997)
reported exhaled CO of 21.6 + 2.8 ppm®® and Yamaya
et al (1998) reported exhaled CO of 18.5 + 2.5 ppm®),
However, the exhaled CO of 12.47 +9.28 ppm in healthy
smokers was comparable to 11.6 + 6.2 ppm from the
study of Low et al®.

The finding that CO cutoff at 7 ppm was
appropriate for detecting smoking status was compara-
ble to some studies®4%. However, this cutoff was
somewhat different from others“6182021) Jarvis et al®
reported that the optimal cutoff was 8 ppm (sensitivity
90%, selectivity 89%); Middleton and Morice® reported
that the optimal cutoff was 6 ppm (selectivity 96%,
sensitivity 94%); Crowley et al®® also reported that a
breath CO level greater than 8 ppm was strongly asso-
ciated with self-reported smoking. Many studies used
breath CO monitors at 10 ppm as the cutoff 2,

In conclusion, measurement of breath CO
level can be used in confirming smoking status. In
addition, an important baseline characteristic such as
age can aid in establishing a proper CO cutoff for
determining smoking status. Based on the significance
of the area under the ROC curve, together with sensi-
tivity, specificity, predictive value, likelihood ratio and
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odds ratio in the present study, an exhaled CO level of
7 ppm and higher suggested that a subject in the older
ages study group is a smoker while a CO level of 8 ppm
and higher was a more appropriate cutoff for younger
people.

However, some limitations exist regarding
omission of some factors that might influence the level
of exhaled CO including the quantity of the cigarette or
the type of tobacco that people smoke. Existing of a
systemic disease other than respiratory diseases such
as hemolytic anemia may also play a role in elevated
exhaled CO level. Therefore, future studies of this kind
should include those factors in the analysis.

In addition, the small sample size in the
analysis limits external validity of the present study.
Therefore, future studies should be conducted among
a larger group of the population to increase generaliza-
bility of the study. Furthermore, the present study
serves only cross-sectional baseline evidence for
determining the relationship between exhaled CO and
smoking status. Future intervention trials or follow-up
studies should be conducted to make the best use of
exhaled CO measurement in evaluating smoking status
and motivating people to quit smoking.

Conflict of interest statement
None of the authors has a conflict of interest
to declare in relation to this work.

References

1. [homepage on the Internet]. [cited 2006 Dec 28].
Available from: http://www.ashthailand.or.th/

2. Irving JM, Clark EC, Crombie IK, Smith WC.
Evaluation of a portable measure of expired-air
carbon monoxide. Prev Med 1988; 17: 109-15.

3. Jarvis MJ, Belcher M, Vesey C, Hutchison DC.
Low cost carbon monoxide monitors in smoking
assessment. Thorax 1986; 41: 886-7.

4. Jarvis MJ, Tunstall-Pedoe H, Feyerabend C,
Vesey C, Saloojee Y. Comparison of tests used
to distinguish smokers from nonsmokers. Am J
Public Health 1987; 77: 1435-8.

5. Hung J, Lin CH, Wang JD, Chan CC. Exhaled
carbon monoxide level as an indicator of cigarette
consumption in a workplace cessation programin
Taiwan. J Formos Med Assoc 2006; 105: 210-3.

6. Middleton ET, Morice AH. Breath carbon monoxide
asan indication of smoking habit. Chest 2000; 117:
758-63.

7. Deveci SE, Deveci F, Acik Y, Ozan AT. The
measurement of exhaled carbon monoxide in

J Med Assoc Thai Vol. 91 No. 11 2008



10.

11.

12,

13.

14.

healthy smokers and non-smokers. Respir Med
2004; 98: 551-6.

Nakayama T, Yamamoto A, Ichimura T, Yoshiike N,
Yokoyama T, Fujimoto EK, et al. An optimal cutoff
point of expired-air carbon monoxide levels for
detecting current smoking: in the case of a Japanese
male population whose smoking prevalence was
sixty percent. J Epidemiol 1998; 8: 140-5.

Low EC, Ong MC, Tan M. Breath carbon monoxide
as an indication of smoking habit in the military
setting. Singapore Med J 2004; 45: 578-82.

Jagoe K, Edwards R, Mugusi F, Whiting D, Unwin
N. Tobacco smoking in Tanzania, East Africa:
population based smoking prevalence using
expired alveolar carbon monoxide as a validation
tool. Tob Control 2002; 11: 210-4.

Wald NJ, Idle M, Boreham J, Bailey A. Carbon
monoxide in breath in relation to smoking and
carboxyhaemoglobin levels. Thorax 1981; 36:
366-9.

Christensen AE, Tobiassen M, Jensen TK,
Wielandt H, Bakketeig L, Host A. Repeated
validation of parental self-reported smoking during
pregnancy and infancy: a prospective cohort study
of infants at high risk for allergy development.
Paediatr Perinat Epidemiol 2004; 18: 73-9.

Pearce MS, Hayes L. Self-reported smoking status
and exhaled carbon monoxide: results from two
population-based epidemiologic studies in the
North of England. Chest 2005; 128: 1233-8.
Montuschi P, Kharitonov SA, Barnes PJ. Exhaled

J Med Assoc Thai Vol. 91 No. 11 2008

15.

16.

17.

18.

19.

20.

21.

carbon monoxide and nitric oxide in COPD. Chest
2001; 120: 496-501.

Zayasu K, Sekizawa K, Okinaga S, Yamaya M,
Ohrui T, Sasaki H. Increased carbon monoxide in
exhaled air of asthmatic patients. Am J Respir Crit
Care Med 1997; 156: 1140-3.

Yamaya M, Sekizawa K, Ishizuka S, Monma M,
Mizuta K, Sasaki H. Increased carbon monoxide in
exhaled air of subjects with upper respiratory tract
infections. Am J Respir Crit Care Med 1998; 158:
311-4.

Yamaya M, Hosoda M, Ishizuka S, Monma M,
Matsui T, Suzuki T, et al. Relation between exhaled
carbon monoxide levels and clinical severity of
asthma. Clin Exp Allergy 2001; 31: 417-22.
Crowley TJ, Andrews AE, Cheney J, Zerbe G, Petty
TL. Carbon monoxide assessment of smoking in
chronic obstructive pulmonary disease. Addict
Behav 1989; 14: 493-502.

Hewat VN, Foster EV, O’Brien GD, Town GlI.
Ambient and exhaled carbon monoxide levelsin a
high traffic density area in Christchurch. N Z Med
J1998; 111: 343-4.

Tonnesen P, Norregaard J, Mikkelsen K, Jorgensen
S, Nilsson F. A double-blind trial of a nicotine
inhaler for smoking cessation. JAMA 1993; 269:
1268-71.

Jorenby DE, Smith SS, Fiore MC, Hurt RD, Offord
KP, Croghan IT, et al. Varying nicotine patch
dose and type of smoking cessation counseling.
JAMA 1995; 274: 1347-52.

1675



seauN1TAITUaUNauanlga luanwiglananiunisguy s lutlseansy lugiasiiad
RHINUBUUNY

ANINT AATTEIIBUI, BNTTAU SAUFT

pauas: Ussmnsngussszanslanaiuauninidedanainlsailiieavesiunisguyys nasdaszauntg
prsuaunevenlan luaumelasendnisiun lofeyssduaniaznisguyns Ingfidn1ss1ea1uqasn
A lgunsrzaunigmsuauneuen lon luauwg laseniieuenaninznisguyniiues sunsvas lungw
1szanang vl sialanemiawtlszaans e

Saguszasa nsAnmpsiidingszaceiednm ansaTianzaNie lsusss N TATUeUNELen DA
luasmnglagen wevenaniazmeguyyi uszonag gesioniaveuuny Usznalng uazAnsnazes
fautls use ﬁ”nwm:ﬁugmwmﬂ?mfmi 171"@wﬁmmé@mﬁmm’qﬁmmmw YeNTEAUNTT AITLELNEYN TH
luauwelagandanana

nisaanuuun1s@ns: ulunsAnmniadaganadeiinszy

JAAUALIENIS: msAnmidammzinaa ey aideguaa Ingngqusiasatlsznayunasy lnaeuasv
01 1570 1 erdveg luamrudes smdingeuunulugaed w.a. 2549 S1uau 420 Au F3nsTuTeya
Usznaumay nizdunEAZSATzALNTANTUauNeLen (T8 luase1agen FEnTTiATIZUNAN7ANM
N9y lAENIINTIAINT N19TIATISY AIINA NS 799 WAL TABIAD uAZN1TIATIZTATINA N D
naresauslng laaun1snanesaedain

NANISAN®Y: NANIFANHIAINANNITDANDLABAALAN wmmmovmmuum@uwuﬁnmmunwm
pasusuneuantes luauviglasanlasfisausnguets uazdfdunus nmwnﬂmmnmmunm
msuaumu@nimYu@wwm%@@nﬂmngjummm Yuuummmmmﬁmmammzmnums/ LJJ’EJLLII\?
mmmm‘vwmmmmﬂ WUIINQRIYNIN (41-70 i) mmﬁmumwmmmmwmmu 95% g4nan
nquenguey (1540 1) memmmmmumwmmmmwm@wu 95% WAL 2.50 (1.87,3.34) uaz 1.46
(1.31,1.63) AINEFY wonaNil wmwmmmmwmumszfm?uaumu@nimmemifa@@nwmmmw
Yunzv;umﬂmn Ag 7 mu’lumumu %m:wn@mmu@ﬂ i 8 danluandon

agil: @nym:wwvmwnm/@mwmmmmummwmmm p9szAUMIAITLeLNeLenln Tusumelasen
lunmsdnmeieil uasiouTugemssialunindengmdauseilivanzausesssdunisarsuauseusn lon
lussmglasendmiunguilszansdu o aely

1676 J Med Assoc Thai Vol. 91 No. 11 2008



