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Evaluation of the exhaled carbon
monoxide levels in smokers with COPD*

Avaliacdo da concentracdo de mondxido de
carbono no ar exalado em tabagistas com DPOC
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Abstract

Objective: To measure exhaled carbon monoxide (COex) levels in smokers with and without COPD. Methods: Smokers
treated at outpatient clinics of Sdo Lucas Hospital in the city of Porto Alegre, Brazil, between September of 2007
and March of 2009 were invited to participate in this study. The participants completed a questionnaire regarding
demographic and epidemiologic characteristics and were submitted to spirometry, as well as to determination of
COex and urinary cotinine levels. The participants were divided into two groups: those with COPD and those without
COPD. Results: The study involved 294 smokers, of whom 174 (59.18%) had been diagnosed with COPD. All of the
participants presented with urinary cotinine levels > 50 ng/mL. Smokers with COPD presented significantly higher
median values for age and pack-years than did those without COPD (p < 0.001 and p = 0.026, respectively). No
other statistically significant differences were found. When adjusted for gender, age at smoking onset, number of
cigarettes/day and urinary cotinine level, the mean values of COex were higher, but not statistically so, in the COPD
group than in the non-COPD group (17.8 £ 0.6 ppm and 16.6 £+ 0.7 ppm, respectively; p = 0.200). The differences
remained nonsignificant when plotted logarithmically. A wide dispersion of COex values was found when the
participants were classified by FEV, level (r = -0.06; p = 0.53) or by Global Initiative for Chronic Obstructive Lung
Disease classification (r = 0.08; p = 0.34). The proportions of false-negative results for smoking were 18.4% and
6.7%, respectively, in the COPD and non-COPD groups (p = 0.007). Conclusions: Since COex values did not differ
significantly between smokers with COPD and those without, there seem to be no major contraindications to their
use in smokers with COPD.
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Resumo

Objetivo: Medir os niveis de mondxido de carbono no ar exalado (COex) em tabagistas com e sem DPOC.
Métodos: Tabagistas frequentadores dos ambulatdérios do Hospital Sdo Lucas em Porto Alegre (RS) entre
setembro de 2007 e mar¢o de 2009 foram convidados a participar do estudo. Os participantes responderam a um
questionario com caracteristicas demograficas e epidemioldgicas e realizaram espirometria, medi¢cdo de cotinina
urinaria e de COex. Os participantes foram agrupados conforme a presenca de DPOC. Resultados: Foram incluidos
294 tabagistas, 174 (59,18%) diagnosticados com DPOC. Todos os participantes apresentavam niveis de cotinina
urinaria > 50 ng/mL. Os fumantes com DPOC apresentaram medianas significativamente superiores as do grupo
sem DPOC para as varidveis idade e macos-ano (p < 0,001 e p = 0,026, respectivamente). Ndo houve diferenca
significativa nas demais variaveis. Quando ajustados para sexo, inicio do tabagismo, cigarros/dia e cotinina urinaria,
os valores médios de COex foram mais altos no grupo DPOC que no grupo sem DPOC, mas sem significancia
estatistica (17,8 + 0,6 ppm e 16,6 = 0,7 ppm, respectivamente; p = 0,200). As diferencas permaneceram nio
significativas quando o método de base logaritmica foi usado. Uma ampla dispersdo dos valores de COex foi
encontrada quando os participantes foram classificados conforme os valores de VEF, (r = -0,06; p = 0,53) ou
o sistema de classificacdo de Global Initiative for Chronic Obstructive Lung Disease (r = 0,08; p = 0,34). As
proporgdes de resultados falso-negativos para tabagismo foram de 18,4% e 6,7%, respectivamente, nos grupos
com e sem DPOC (p = 0,007). Conclusdes: Esse estudo mostrou que os valores de COex nido apresentaram
diferencas significativas em fumantes com ou sem DPOC. Desse modo, parece ndo haver nenhuma restricdo
relevante para a sua aplicabilidade em fumantes com DPOC.

Descritores: Monoxido de carbono; Abandono do habito de fumar; Doenga pulmonar obstrutiva cronica.
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Introduction

Although, in recent decades, the hazardous
effects of smoking have been widely
disseminated, more than one third of the world
population over 15 years of age, corresponding
to 1.2 billion people, continue to use some form
of tobacco."?

Smoking cessation treatment is recognized
as one of the effective measures to prevent
smoking-related diseases and is founded on
two cornerstones: cognitive-behavioral therapy,
which targets the psycho-emotional component
of nicotine dependence, and pharmacological
treatment, which targets the biochemical
component. In order to achieve permanent
abstinence, these treatment modalities should
be applied jointly, although they should
be individually tailored to the needs of each
patient.G:4

Biochemical confirmation of the smoking
status of the individual is central to the reliable
categorization of current and former (abstinent)
smokers, so that the smoking cessation process
can be monitored.”) Cases in which patients
report abstinence without actually abstaining
are common—in isolation, questions regarding
smoking behavior tend to underestimate the true
prevalence of smoking.”” Therefore, although
there is little doubt about the reliability of
the responses on questionnaires administered
in the initial visit of a patient who is seeking
smoking cessation treatment, many smokers
misrepresent their real situation during the
follow-up period.®

Among the biochemical markers that are most
widely used in order to verify smoking status are
exhaled carbon monoxide (COex) levels and the
determination of cotinine levels in serum, urine
or saliva, salivary cotinine level being considered
the gold standard due to its specificity and
sensitivity.”) Since the determination of COex
levels is noninvasive, is inexpensive and yields
immediate results, it is the method that has been
the most widely used in research and in clinical
practice.(%

The clinical follow-up of the process of
smoking cessation requires that patients, even
patients with established pulmonary diseases,
such as COPD, be monitored for recurrence of
the habit.(?

The complex pathophysiology of COPD and
its involvement in the evaluation of COex levels
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have raised doubts, and COPD is believed to be
a potentially confounding factor in defining
the cut-off point to distinguish smokers from
nonsmokers. Airway inflammation, oxidative
stress, structural remodeling, airflow obstruction
and changes in gas exchange are factors that
might affect the interpretation of the results
obtained by the use of COex levels.(-1)

Even in the most recent guidelines on
addiction treatment and follow-up of smoking
status, there are discrepancies in the definition
of the cut-off points for the various biochemical
markers in some situations and the COex
cut-off point remains undefined for patients with
COPD.B41% Some authors have even suggested an
increase in the cut-off point for COPD patients,
but no consensus has been reached.('*!>'7

In view of the harmful health effects of
nicotine dependence, there is a growing demand
for methods that allow an accurate evaluation
of continued exposure to smoking, especially
in patients undergoing smoking cessation
treatment. Since COPD is a common disease
among smokers, determining whether the COex
cut-off point adopted for smokers without
COPD can also be used for those with COPD,
as well as studying the potential intervening
factors, is essential for improving the treatment
for nicotine dependence and the maintenance of
smoking abstinence. Therefore, the objective of
this study was to measure COex levels in smokers
with and without COPD.

Methods

Smokers treated at outpatient clinics of
the Sdo Lucas Hospital in the city of Porto
Alegre, Brazil, were invited to participate in this
controlled cross-sectional study.

Active smokers were defined as those having
smoked at least 100 cigarettes over their lifetime
and currently smoking daily or occasionally.®
Biochemical confirmation of the smoking status
(urinary cotinine level > 50 ng/mL) was also a
criterion.!'®)

The volunteers were divided into two groups
(with and without COPD) on the basis of the
clinical and spirometric diagnosis of COPD,
as defined by the Global Initiative for Chronic
Obstructive Lung Disease (GOLD).'® Data were
collected between September of 2007 and
March of 2009.
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All smoking volunteers, regardless of age
or gender, were eligible for inclusion. However,
those with a history of atopy (asthma or rhinitis)
were excluded, as were those who had suffered a
respiratory infection or had used corticosteroids,
including inhaled corticosteroids, in the last four
weeks, those with severe systemic disease, such
as an active tumor or neoplasia that had been
treated recently (in the last six months), those
with an autoimmune disease and those with a
psychiatric disorder.

After having been duly informed of the
objectives of the study and the procedures
related thereto, all of the volunteers gave written
informed consent. Subsequently, they completed
a questionnaire regarding demographic data,
comorbidities, use of medications and additional
information on smoking (number of cigarettes
smoked and total smoking time), together with
the Fagerstrom test for nicotine dependence.
(9 The participants were then submitted to
determination of COex levels, collection of urine
samples (for the determination of urinary cotinine
levels) and spirometry, which was performed in
accordance with a standardized protocol.?” The
time elapsed since the last cigarette smoked was
standardized at < 60 min, and all procedures
were performed in the early morning in order to
minimize possible differences in tobacco intake.

The determination of COex levels was
performed with a portable MicroCO device
(Micro Medical Ltd; Rochester, Kent, United
Kingdom), which has an electrochemical sensor.
The volunteers learned how to perform a deep
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inhalation maneuver followed by breath-holding
for 20 s, which is the period required for alveolar
CO balance to occur. Subsequently, with their
lips around the mouthpiece of the device, the
individuals performed a slow and complete
exhalation. The COex value, in ppm, was
displayed on the analyzer screen after the end of
this maneuver. The method has previously been
validated.®"

The determination of wurinary cotinine
levels was performed by HPLC at the Pontificia
Universidade Catdlica do Rio Grande do Sul
(PUCRS, Pontifical Catholic University of Rio
Grande do Sul) Institute of Toxicology. Urinary
cotinine levels were calculated based on their
absorbance at 260 nm, considering the peak
area and the calibration curve (r > 0.99), by a
technique previously standardized by one of the
authors.?%

Data were obtained through a standardized
questionnaire, administered during medical
visits and identified only by a number in order
to ensure anonymity, and were entered into
a database. In addition, medical charts were
reviewed for any additional information and for
confirmation of the information provided on the
questionnaires.

Quantitative data with normal distribution
are expressed as mean and standard deviation,
whereas quantitative data without normal
distribution are expressed as median and
interquartile range (25th-75th  percentile).
Categorical data are expressed as number and
percentage. Student’s t-test for independent

Table 1 - Demographic and smoking-related variables in smokers with and without COPD (n = 294).

Variable Smokers with COPD Smokers without COPD p*
(n=174) (n=120)
Age,” years 60 (50-67) 50 (45-55) < 0.001
Male gender, n (%) 84 (47) 46 (38) 0.237
COex level® 16 (11-22) 17 (13-22) 0.238
Pack-years? 44 (30-62) 37 (28-55) 0.026
Age at smoking onset,? years 19 (15-23) 8 (16-22) 0.943
Number of cigarettes/day’ 20 (20-35) 0 (20-40) 0.075
Urinary cotinine level,* ng/mL 969 (534-1482) 1139 (737-1817) 0.005

GOLD stage, n (%)
1 4(2.9)
1 77 (56.6)
m 44 (32.2)
v 12 (8.8)

GOLD: Global Initiative for Chronic Obstructive Lung Disease. *Results expressed as median (interquartile range). *Mann-

Whitney test, except for male gender (chi-square test).
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Table 2 - Exhaled carbon monoxide levels in smokers with and without COPD (n = 294).?

Variable Smokers with COPD Smokers without COPD P P
(n=174) (n =120)
Exhaled CO, ppm 17.1 £ 0.6 17.6 £ 0.6 0.559* 0.133
Adjusted exhaled CO, ppm 17.8+ 0.6 16.6 £ 0.7 0.200* 0.724

iData presented as mean = standard deviation. *Student’s t-test. **Analysis of covariance adjusted for gender, age, age at
smoking onset, number of cigarettes/day and urinary cotinine level. p’: statistical analysis using the same tests, but with

TogCOex.

samples was used in order to compare the
groups in terms of quantitative data, whereas
the chi-square test was used in order to compare
the groups in terms of categorical data. For
quantitative data without normal distribution,
the nonparametric Mann-Whitney test was
used. In addition, the Levene test was used in
order to compare, specifically, the dispersion
(variability) of COex values. Spearman’s
correlation coefficient was used in order to
evaluate the correlations with quantitative
variables. To control for potential confounding
factors and to evaluate their impact on COex
levels, analysis of covariance (ANCOVA) was used.
Logarithmic transformation of data related to
COex and cotinine levels was performed in order
to determine the reproducibility of the findings
of the ANCOVA and for the presentation of the
scatter plots. The level of significance was set at
o= 0.05. Data were processed with the Statistical
Package for the Social Sciences, version 11.5
(SPSS 1Inc., Chicago, 1L, USA).

100

log,, COex (ppm)

50 100 500 1000 5000
log,, Cotinine (ng/dL)

e w/ COPD o wj/o COPD

Figure 1 - Scatter plot representing the relationship
between urinary cotinine (> 50 ng/dL) and exhaled
carbon monoxide (COex) levels in smokers with and
without COPD.

The PUCRS Scientific Committee and Research
Ethics Committee approved the project.

Results

A total of 294 smokers, of whom 174
(59.18%) had been diagnosed with COPD, were
considered eligible for inclusion in the study.
For all of the volunteers, smoking status was
confirmed by urinary cotinine levels > 50 ng/mL.
Those with urinary cotinine levels < 50 ng/mL
were excluded, even if they classified themselves
as smokers.

The demographic characteristics of the
volunteers with and without COPD are described
in Table 1. Median age and median pack-years
were significantly higher among the patients with
COPD than among those without (p < 0.001 and
p = 0.026, respectively). No other statistically
significant differences were found between the
two groups.

As can be seen from Table 2, the mean COex
value in patients with COPD was 17.1 £ 0.6 ppm,
compared with 17.6 £ 0.6 ppm in those without
COPD (p = 0.559). When the data were adjusted
by ANCOVA for gender, age, age at smoking onset,
number of cigarettes/day and urinary cotinine
level, those values became 17.8 = 0.6 ppm and
16.6 £ 0.7 ppm in the patients with and without
COPD, respectively (p = 0.200). The lack of
statistical significance remained when the data
were plotted logarithmically (univariate ANOVA:
p = 0.133; ANCOVA: p = 0.724).

A wide dispersion of COex values was found
for each FEV, level and for each GOLD stage.
No statistically significant relationships were
identified. Analyzing the relationship between
FEV, and COex values by Spearman’s test, we
found values of r = —=0.06 and p = 0.53. We also
found no statistically significant relationship
between the GOLD stage and COex values
(r = 0.08 and p = 0.34).

Figure 1 presents a scatter plot of urinary
cotinine values, all > 50 ng/ml, confirming the

J Bras Pneumol. 2010;36(3):332-338



336

100 -

50

Ho» o

(]
£ ﬁ
g
= 1
x
s 107 l 8
o
2 o
g ° o
- 5 o
°
°
°
1- Smokers Smokers
with COPD without COPD

Figure 2 - Box plot representing the distribution of
exhaled carbon monoxide (COex) levels in relation to
urinary cotinine levels (> 50 ng/dL) in smokers with
and without COPD.

smoking status of the volunteers. Nevertheless,
40 patients (14.0%) presented COex values
below 10 ppm, which is the cut-off point used
in order to classify an individual as a smoker
by this method. In this subgroup, 32 had COPD
and 8 did not. Therefore, among the patients
with COPD, the rate of false-negative results was
18.49% (classified as smokers based on the urinary
cotinine level but classified as nonsmokers based
on the COex level), compared with 6.7% among
the patients without COPD (p = 0.007).

Figure 2 shows the distribution of COex
values in the patients with and without COPD.
The equivalence between the groups is clear,
as is the intersection between them, which
accounts for the lack of a statistical difference
in the distribution of the data.

Discussion

The present study shows that the evaluation
of the smoking status in smokers with COPD
based on the determination of COex levels can
be performed using the same criteria applied to
smokers without COPD.

Although proposals to change the COex
cut-off points for categorizing individuals with
COPD as smokers or nonsmokers can be found
in the literature,"*' the analysis of the present
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results suggests that the traditional criteria can
be maintained.

The discrepancies among studies are
attributed to several factors, such as the type of
study design and the type of patients included
in the study, as well as the presence of airway
inflammation in varying degrees of severity, the
different levels of change in lung architecture
and the different degrees of airflow obstruction,
all of which have frequently been cited.('"*'>'"

This has led some authors® to suggest
that the COex cut-off point for these patients
be changed to 11 ppm. However, the fact that,
in the present sample, similar COex values were
found for smokers with COPD and for those
without COPD suggests that the cut-off point
can be maintained at 10 ppm.

Although there is evidence to support the use
of a COex cut-off point between 6 and 8 ppm to
differentiate smokers form nonsmokers,*!" 22
we chose to maintain the cut-off point of
10 ppm in the present study.

The use of this value is related to the situation
of the patients included, who were under
smoking cessation follow-up treatment at a
specialized outpatient clinic, which necessitated
greater specificity.

In studies investigating the prevalence of
current smoking in certain populations, sensitivity
needs to be greater, and it would therefore be
preferable to reduce the COex cut-off point.”

As previously mentioned, the results
presented here are related to the cross-sectional
analysis of a group of smokers upon their arrival
at our outpatient clinic.

Although the smoking status of all of the
patients was confirmed biochemically by the
determination of urinary cotinine levels, COex
levels < 10 ppm were found in some volunteers
in the two groups studied. Possibly, these low
values detected are related to the time elapsed
since the last cigarette smoked, which might
have been longer than predicted, despite the fact
that the patients were emphatically instructed to
respect the time frame, which was standardized
at < 60 min. The inverse (smokers with urinary
cotinine levels < 50 ng/mL) was not detected,
since this was an exclusion criterion.

Some patient characteristics presented here
merit consideration. In both of the groups
studied, females predominated, a trend similar
to that detected in studies focusing on smoking
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cessation clinics, especially in developing
countries.?>?" This preponderance of females
can be explained by a possible selection bias,
since it has been shown that women seek
medical treatment for smoking cessation more
frequently than do men."25-27

The mean age was higher in the COPD group
than in the non-COPD group, which is consistent
with the natural history of the disease.”® In
addition, only 3% of the patients with COPD had
had more than 8 years of schooling, a finding
that is also in accordance with those reported in
the literature, which indicate that the frequency
of COPD is inversely proportional to the level of
education of the smoker.

The internal validity of the present study is
strengthened by aspects such as the adequate
size of the sample, in number of participants with
and without COPD, as well as the completeness
of the demographic information compiled in
the database. Although the design of the study
required that all of the procedures be performed
within the same period, no patients were lost
to follow-up. The possibility of using the
determination of urinary cotinine levels as the
gold standard, which is feasible in few centers
in the country, also conferred greater reliability
upon the information obtained here.

Possible technical difficulties that could
affect the results obtained by the use of urinary
cotinine levels were overcome, and the method
was only used after the validation process had
been completed.”® We were also careful not
to include individuals who were taking any
medication or who had a clinical condition that
could affect the results.

The present study has limitations. One is
that the results obtained were not compared
with data from nonsmokers with COPD, most
of whom are possibly better classified as former
smokers. With this comparison, it would have
been possible to determine with certainty
whether the acute changes caused by the
components of cigarette smoke affect the COex
cut-off point. Another acknowledged limitation
is that, although the volunteers were categorized
by functional severity of COPD, it was not
possible to conduct a thorough evaluation of
its possible influence on the results obtained
by the use of COex levels in view of the small
number of individuals classified as GOLD stage 1
or 1V. Therefore, the chronic effects of smoking
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and their morphophysiological consequences
for the COex cut-off points were not studied.
In addition, a wide dispersion of COex values
was found for each GOLD stage, without a
statistically significant relationship (r = 0.08 and
p = 0.34).

The need to use COex levels as a marker
of smoking abstinence at smoking cessation
clinics is growing, especially because it is easily
applied and yields immediate results."*'" This
was confirmed in the present study, in which
the patients had no difficulty in performing
the necessary maneuvers and the results were
obtained immediately.

The external validity of our results and
conclusions needs to be corroborated by other
studies. The high frequency of patients with
COPD in smoking cessation clinics makes it
imperative that the issues addressed here be
definitively clarified.
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