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Optimal Cutoff Level of Breath Carbon
Monoxide for Assessing Smoking
Status in Patients With Asthma

and COPD*

Susumu Sato, MD; Koichi Nishimura, MD; Hiroshi Koyama, MD;
Mitsuhiro Tsukino, MD; Toru Oga, MD; Takashi Hajiro, MD; and

Michiaki Mishima, MD

Study objectives: To assess the optimal cutoff level of breath CO concentration to distinguish
actual smokers from nonsmokers among patients with asthma and COPD.

Setting: Kyoto University Hospital outpatient clinic.

Subjects and methods: Three hundred thirty-one consecutive outpatients (161 with asthma and
170 with COPD) were examined cross-sectionally by self-reported smoking status, breath CO
monitoring, and serum cotinine concentration. Actual smoking status was verified by serum
cotinine concentration.

Results: Mean serum cotinine concentrations of never smokers, former smokers, and current
smokers with asthma were 6.0 = 5.2 ng/mL, 12.1 = 25.0 ng/mL, and 198.3 = 181.7 ng/mL,
respectively (£ SD). Mean serum cotinine concentrations of former smokers and current smokers
with COPD were 23.2 * 69.2 ng/mL and 191.1 = 109.8 ng/mL, respectively. Mean breath CO
levels of never smokers, former smokers, and current smokers with asthma were 6.1 = 2.4 ppm,
7.7 £ 3.2 ppm, and 19.9 = 17.3 ppm, respectively. Mean breath CO levels of former smokers and
current smokers with COPD were 7.7 = 4.3 ppm and 13.5 £ 6.5 ppm, respectively. The optimal
cutoff level of breath CO to discriminate between actual smokers and nonsmokers was 10 ppm in
patients with asthma and 11 ppm in patients with COPD, giving 85.0% and 73.1% sensitivity, and
85.8% and 84.7% specificity, respectively.

Conclusion: The optimal cutoff level of breath CO to assess actual smoking status was 10 ppm in
patients with stable asthma and 11 ppm in patients with stable COPD. In patients with asthma and
COPD, breath CO levels were potentially influenced by underlying airway inflammation,

Abbreviation: ROC = receiver operating characteristic

suggesting misclassification in the assessment of smoking status by breath CO.
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(CHEST 2003; 124:1749-1754)

C igarette smoking is the primary risk factor for
COPD! and increases asthma severity.2 Smoking
cessation is important in treatments of these pa-
tients.? In a clinical setting, it is necessary to monitor
patient smoking status exactly and to advise patients
to abstain from smoking.
Self-reporting of smoking habits is widely used to
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estimate the prevalence of cigarette smoking, al-
though it has been shown to underestimate smoking
status.#5 It has been suggested that the increasing
social unacceptability of smoking may result in un-
derreporting.5 Since self-reported smoking status
may not be reliable in a clinical setting, a number of
biochemical markers have been used to evaluate
smoking status, including measures based on thiocy-
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anate, nicotine, cotinine, and CO. These measures
differ widely in availability, cost, and ease of admin-
istration.

The measurement of breath CO level may provide
an immediate, noninvasive method of assessing
smoking status.” The development of relatively inex-
pensive portable CO monitors enables breath CO
levels to be measured in a range of clinical settings.
A breath CO level of 10 ppm is usually taken as the
cutoff between smokers and nonsmokers. However,
several studies8—1! have shown that a cutoff level of 6
or 8 ppm is more appropriate. Accordingly, breath
CO monitoring devices have been updated, and the
cutoff level has recently been lowered to 8 ppm.

It is known, however, that breath CO levels may
be elevated due to airway inflammation. Exhaled CO
levels in asthmatic patients have been reported to be
high and to decrease with corticosteroid therapy.!
As such, the breath CO level may reflect intrinsic
generation of CO due to oxidative stress in patients
with COPD.1314 The aims of this study were to
assess the sensitivity, specificity, and reliability of
breath CO monitoring, and also to assess the optimal
cutoff level to distinguish smokers from nonsmokers
in patients with stable asthma and COPD.

MATERIALS AND METHODS

Subjects

Each patient who regularly attended the Kyoto University
Hospital outpatient clinic and had a diagnosis of COPD or
bronchial asthma was enrolled consecutively. The diagnosis was
based on the definition provided by the American Thoracic
Society.'>16 Entry criteria for patients with COPD included the
following: (1) FEV/FVC ratio of < 0.7 and FEV, of < 80% of
the predicted value for all measurements made after inhalation
of prescribed bronchodilator during the previous 6 months,
(2) smoking history of > 20 pack-years, and (3) no history
suggestive of asthma. For patients with asthma, criteria included
the following: (1) confirmation of the presence of airway hyper-
responsiveness (AHR) on the initial visit, and (2) a best ratio of
FEV, to FVC of > 0.7 after treatment including inhaled or
systemic corticosteroids or bronchodilator when a subject was a
current or former smoker to exclude COPD. All participants had
> 6 months of outpatient management before entry, no exacer-
bations of airflow limitation over the preceding 6 weeks, and no
changes in treatment regimen over the preceding 4 weeks. All
eligible asthmatic patients had undergone treatment with inhaled
beclomethasone dipropionate. Verbal informed consent was ob-
tained from all patients.

Methods

All patients underwent the following examination on the same
day. Smoking habits were assessed during the examination by
interview. Current smokers were defined as subjects who re-
ported current, regular use of cigarettes. Former smokers were
defined as subjects who had refrained from smoking for =6
months. Never smokers were defined as subjects who reported
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never using cigarettes. “Nonsmokers” in the content of this study
means never smokers plus former smokers. Furthermore, pa-
tients with a history of nicotine patch or gum use and patients
using these aids at the time of the study were excluded.

Breath CO monitoring was performed using a MICRO III
Smokerlyser (Bedfont Instruments; Kent, UK), an inexpensive,
portable CO monitor that has previously been shown to be
useful.'” The subjects were asked to exhale completely, inhale
fully, and then hold their breath for 15 s. If the subjects were
unable to hold their breath for 15 s, they were asked to hold it for
as long as possible. Following breath holding, the subjects were
asked to exhale slowly into the Smokerlyser and were encouraged
to exhale fully in order to sample the alveolar air.

All subjects had blood drawn for measurement of serum
cotinine concentration and measurements were performed by gas
liquid chromatography. To determine “actual” smokers, the
cutoff level used was a serum cotinine concentration of
> 50 ng/mL.!8 The sensitivity and specificity of breath CO
monitoring were calculated on the basis of cotinine levels.

Spirometric testing to determine FEV, and FVC was per-
formed in accordance with the method recommended by the
American Thoracic Society,'” using a spirometer (AUTOSPIRO
AS-600; Minato Medical Science; Osaka, Japan), which was
calibrated with a 3.0-L syringe. The predicted values for the
pulmonary function indexes were those proposed by the Japan
Society of Chest Diseases.2

Statistical Analysis

Statistical analyses were done using StatView (SAS Institute;
Cary, NC). The results are expressed as mean * SD, unless
otherwise stated. Comparisons between groups classified accord-
ing to smoking status were made by the Fisher protected
least-squares difference test. A discriminant analysis was per-
formed to determine appropriate cutoff values, using receiver
operating characteristic (ROC) curves.2! Spearman rank correla-
tion coefficient was used to test the relationships between breath
CO and other variables; p < 0.05 was considered statistically
significant for all analyses.

RESULTS

A total of 331 eligible patients (161 with asthma
and 170 with COPD) were consecutively enrolled
(Table 1), representing 250 men and 81 women. None
of the patients enrolled in the study had used nicotine
gum or nicotine patches. The mean serum cotinine
concentrations of never smokers, former smokers, and
current smokers with asthma were 6.0 = 5.2 ng/mL,
12.1 * 25.0 ng/mL, and 198.3 = 181.7 ng/mL, respec-
tively (= SD). The mean serum cotinine concentra-
tions of former smokers and current smokers with
COPD were 23.2 *+ 69.2 ng/mL and 191.1 = 109.8
ng/mL, respectively. The mean breath CO levels of
never smokers, former smokers, and current smokers
with asthma were 6.1 £ 2.4 ppm, 7.7 = 3.2 ppm, and
19.9 = 17.3 ppm, respectively. The mean breath CO
levels of former smokers and current smokers with
COPD were 7.7 = 4.3 ppm and 13.5 = 6.5 ppm, re-
spectively. Compared with nonsmokers (ie, former
smokers and never smokers), current smokers showed
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Table 1—Characteristics of 331 Outpatients With Asthma and COPD*

Characteristics Asthma (n = 161) COPD (n = 170)

Age, yr 46.5 *+ 16.1 (15-78) 68.0 * 6.9 (48-89)
Male/female gender, No. 84/77 166/4
FEV,, L 2.54 + (.86 1.07 £ 0.51
FEV,, % predicted 88.7 = 194 40.3 + 18.2
Self-reported smoking status, No. (%)

Current 22 (13.6) 48 (28.2)

Former 55 (34.2) 122 (71.8)

Never 84 (52.2) 0

*Data are presented as mean = SD or mean * SD (range) unless otherwise indicated.

higher levels of both breath CO and serum cotinine DISCUSSION

(p < 0.0001). Among former smokers, there were no o N

differences between asthma and COPD patients in Ten parts per million is the traditional cutoff level

either breath CO or serum cotinine levels. to discriminate between current smokers and non-
The distributions of breath CO and serum cotinine smokers, but previous studiesS-!! have shown that 6

levels for each group are shown in Figure 1. None of to 8 ppm was optimal. The American Thoracic

the never smokers showed serum cotinine levels Society statement in 2001 suggested that 6 ppm was

exceeding 50 ng/mL. Among current smokers, the optimal cutoff level and that 8 ppm or 10 ppm

59 patients (84.3%) showed serum cotinine levels may be relatively higher cutoff points.2> In the

> 50 ng/mL but 11 patients (4 with asthma and 7 present study, among stable asthma or COPD pa-
with COPD) had levels < 50 ng/mL. Among former tients, the optimal cutoff level of breath CO to assess

smokers, 164 patients (92.7%) had serum cotinine smoking status was 10 ppm or 11 ppm, respectively.
levels < 50 ng/mL, but 13 patients (2 with asthma Nineteen subjects with asthma claimed to be
and 11 with COPD) had levels > 50 ng/mL. nonsmokers and yet had breath CO levels of

The sensitivity and specificity of breath CO mon- > 10 ppm in the present study. Twenty-four subjects
itoring were calculated at various cutoff values, and with COPD claimed to be nonsmokers and showed

ROC analyses were performed. Among all patients breath CO levels of > 11 ppm. Eleven of these
with asthma, a cutoff value of 10 ppm for breath CO patients (2 with asthma and 9 with COPD) had

was optimal, giving 85.0% sensitivity and 85.8% serum cotinine levels > 50 ng/mL. The latter would
specificity (Fig 2). Among all patients with COPD, be strongly suspected to be actual current smokers
11 ppm of breath CO was optimal, giving 73.1% who were denying their habits. Self-report classifica-
sensitivity and 84.7% specificity. tion misclassified them as nonsmokers. The inci-
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FIGURE 1. Distribution of breath CO and serum cotinine levels in all patients with asthma (left, ) and
all patients with COPD (right, b).
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FIGURE 2. ROC curve that discriminates the optimal cutoff level of breath CO. Rhombuses indicate the
cutoff level of breath CO to range from 0 to 21 ppm. In all patients with asthma (left, @), 10 ppm was
determined to be the optimal cutoff level; in COPD patients (right, b), 11 ppm was optimal. Arrow
indicates optimal cutoff points on each ROC curve.

dence of misreporting of smoking status was rela-
tively low in the literature,*> and would be
influenced by patients knowledge of biovalidation,
such as breath CO or serum cotinine monitoring.
However, the other patients (17 with asthma and
15 with COPD) were apparently genuine nonsmok-
ers, who would be potentially misinterpreted as
current smokers on the basis of breath CO monitor-
ing. Passive smoking may elevate serum cotinine
levels, but breath CO can also be elevated in this
situation. The low serum cotinine and high breath
CO shown by same patients may also be attributable
to underlying airway inflammation and oxidative
stress.!223 At the cutoff level of 10 ppm or 11 ppm,
only two patients were misclassified, apparently de-
nying their smoking habits but showing serum coti-
nine levels > 50 ng/mL. If the cutoff level was lower,
more nonsmoking patients may be misclassified as
smokers. Using breath CO monitoring, we could
detect 11 subjects (84.6%) who “actually” misre-
ported their current smoking habit; however, 32
subjects (12.9%) who were “actual” nonsmokers had
been considered as current smokers. Breath CO
monitoring is an easy, noninvasive, immediate, and
quite sensitive method to detect current smoking;
however, it tends to provide pseudo-positive results
in assessing patients with asthma or COPD.
Previous studies showed that cutoff levels of
6 ppm or 8 ppm were valid. Edward et al® reported
that 6 ppm was appropriate. While the latter study
examined respiratory patients, the underlying dis-
eases were not represented. Crowley et al® also
reported that a breath CO level of >8 ppm was
strongly associated with a self-report of current
smoking. They studied only patients with COPD,
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however, and their survey included patients receiv-
ing home oxygen therapy, which might decrease
breath CO levels. Moreover, determination of smok-
ing status was dependent on self-reporting. Jarvis et
al'® reported that the optimal cutoff was 8 ppm,
giving 90% sensitivity and 89% specificity among
outpatients. Terao et al'! reported that the optimal
cutoff points were between 6 ppm and 7 ppm for
men, and 5 ppm and 6 ppm for women with a
sensitivity and a specificity of approximately 90%.
The subjects of these studies were not exclusively to
patients with asthma or COPD. The present study
showed that the optimal cutoff level of breath CO
was higher than indicated in previous studies.®-!
It has been reported that breath CO levels may be
raised as a result of certain inflammatory lung dis-
eases, such as bronchial asthma and bronchiectasis,
with mean values of approximately 7 ppm.'222 These
elevations in breath CO levels due to the intrinsic
generation of CO associated with oxidative stress, not
only in respiratory diseases, but other diseases such
as diabetes.?* In the present study, the mean breath
CO level of self-reported never smokers with asthma
was 7.7 ppm, and 6 of these subjects showed levels of
breath CO > 10 ppm. All of these patients had cotinine
levels <50 ng/mL. These results are consistent with
other studies.'214 In the evaluation of breath CO levels
in asthma and COPD in a clinical setting, the influence
of airway inflammation should be considered.
Although serum cotinine is considered to be the
best marker in discriminating smokers and nonsmok-
ers,25 11 current smokers were misclassified as non-
smokers on the basis of serum cotinine levels. Serum
cotinine and breath CO may also be influenced by a
patient’s smoking style. All of them reported smok-
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ing > 10 cigarettes daily, but their smoking styles
were unclear. They may smoke infrequently, and
inhale little or may have stopped several days before
examination, resulting in lowered serum cotinine
levels. The half-life of plasma cotinine and alveolar
CO are reported to be 6 to 16 h and 150 min,
respectively.2627 Six current smokers (three with
asthma and three with COPD) who showed low
cotinine levels and high breath CO might smoke only
rarely but may have smoked recently.

The present study has certain limitations. We did
not examine normal subjects, and did not obtain
patient history regarding passive smoking, last ciga-
rette smoking, or smoking patterns. These factors
may influence breath CO levels and may decrease
the sensitivity and specificity of breath CO monitor-
ing. Moreover, airway obstruction may influence
levels of exhaled CO. Togores et al>® reported that
exhaled CO measurements can be inaccurate in
patients with severe airflow obstruction. In the
present study, there was no significant negative
correlation between breath CO and FEV, (percent-
age predicted) in nonsmokers.

Serum cotinine was used as a standard to deter-
mine smoking status. Cotinine is considered as the
best choice for research protocols in which accurate
categorization is essential.?> However, 11 patients
(15.7%) reported to be current smokers were mis-
classified on the basis of serum cotinine levels.
Reasons for misclassification may include the time of
day of sample collection, cigarette consumption for
nicotine content, and the higher cutoff value of
serum cotinine used in the present study. However,
additional analyses were performed using lower cut-
off value (20 ng/mL) of serum cotinine in accordance
with the standard by the Foundation for Blood
Research and showed quite similar result for the
optimal cutoff value of breath CO, though the area
under the curve of ROC was smaller than that
obtained using the value of 50 ng/mL.

Breath CO monitoring provides an easy, noninva-
sive, and immediate way of assessing patient smoking
status, in contrast to the measurement of serum
cotinine, which is invasive, expensive, and does not
permit immediate assessment. Breath CO, however,
is potentially influenced by many factors, including
oxidative stress, air pollution, passive smoking, the
subject’s clumsiness in using the measuring device,
the period of time after last smoking, the depth of
smoke inhalation, the pattern of puffing, the butt
length of cigarettes smoked, and so on.

CONCLUSIONS

In the present study, 10 ppm in asthmatic patients
and 11 ppm in patients with COPD were determined

www.chestjournal.org

to be the optimal cutoff level of breath CO to
distinguish actual smokers from nonsmokers. These
cutoff levels are higher than those reported in pre-
vious studies.5~"! These differences may be attribut-
able to elevations in basal breath CO levels due to
airway inflammation and oxidative stress. As such,
adjustments in the cutoff level of breath CO for
distinguishing current smokers or nonsmokers may
have to be considered. Moreover, other methods of
biochemical monitoring may be required to assess
smoking status such as the measurement of cotinine,
if patients with asthma and COPD show slightly
higher breath CO levels but claim to be nonsmokers.

Breath CO monitoring is quite useful, but in
patients with airway inflammatory diseases, such as
asthma and COPD, we may be at risk of misclassi-
fication in the assessment of smoking status. As such,
it may be necessary to consider other factors in
addition to cigarette smoking.
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