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Background: No data are available regarding the utility of fractional exhaled nitric oxide (FeNO) level in guiding therapy in
smoking asthmatic patients. Identification of the effect of smoking in a large sample is needed.

Objective: To study the association between smoking and FeNO level according to current asthma and atopy status in adults from
the French EGEA (Epidemiological study on the Genetics and Environment of Asthma, bronchial hyperresponsiveness and atopy).

Methods: Levels of FeNO were measured at 50 mL/s in 654 adults (268 asthmatic participants). Active smoking and
environmental tobacco smoke (ETS) exposure at home, at work, and during leisure activities were recorded. Participants were
categorized as having no exposure to ETS, mild exposure (ETS <2 h/d), and noticeable exposure (ETS =2 h/d). Multivariate
analyses were performed, with adjustment for age, sex, height, and center.

Results: Mean adjusted FeNO values increased with asthma (15.1 vs 19.5 ppb), atopy (14.2 vs 18.9 ppb), and eosinophilia
(15.8 vs 24.8 ppb) (P < .001 for all). Mean FeNO levels decreased with smoking (18.4, 17.5, and 14.5 ppb in nonsmokers,
ex-smokers, and current smokers, respectively; P for trend = .001). The association with smoking was observed in nonasthmatic
and asthmatic participants, especially in atopic asthmatic participants. Multivariate analyses showed that ETS exposure of at least
2 h/d and active smoking were negatively and significantly associated with FeNO levels independent of age, sex, height, and
center in nonasthmatic participants (mean [SE], —0.13 [0.06], P = .03 and —0.10 [0.03], P < .001) and in asthmatic participants
(mean [SE], —0.18 [0.07], P = .01 and —0.14 [0.04], P = .02).

Conclusions: Active and passive smoking decreased FeNO levels in adults. Careful consideration of asthma, atopy, and active

and passive smoking are needed to interpret FeNO values.

INTRODUCTION

The noninvasive measure of fractional concentration of en-
dogenous exhaled nitric oxide (FeNO) has great potential in
the clinical setting and in epidemiologic study as a biomarker
of pulmonary inflammation. However, methodological as-
pects and insufficient knowledge regarding its determinants
currently limit its applicability as a good “inflammometer” to
guide the management of asthma.'? In a recent review,’
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differences in design and methodological issues and the lack
of consideration of environmental and host factors have been
proposed to explain that FeNO-based algorithms are less
successful at guiding asthma therapy than are sputum eosin-
ophils. As underlined by the author, no data are available
regarding the utility of FeNO to guide therapy in smoking
asthmatic patients, and identification of the effect of smoking
in large samples is needed.

Epidemiologic studies led to conflicting results regarding
the complex associations of FeNO with smoking, asthma, and
atopy. FeNO was negatively associated with current smoking
in atopic individuals only* and was positively associated with
asthma symptoms in the last month in never-smokers only.’
Whereas recent observations by Malinovschi et al® suggest
that increased FeNO levels in asthma (allergic or not) may be
restricted to never smokers, those by Michils et al’ show an
association of FeNO level with asthma control, even in smok-
ers. The debate regarding the clinical relevance of monitoring
FeNO levels in asthma remains open. Further studies are
needed to disentangle the complex relationships of atopy,
smoking, and asthma, particularly in adults.

Although the decrease in FeNO levels in relation to active
smoking is established, few studies’® have been conducted on
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the effect of smoking in asthmatic patients. Studies®!® in
infants and children suggest that in utero exposure to tobacco
and environmental tobacco smoke (ETS) decrease FeNO
levels, but it is unknown whether usual exposure to ETS
modifies FeNO levels in adults. Understanding the effect of
ETS in asthmatic individuals across the lifespan is of partic-
ular relevance.

The overall hypothesis of this study is that the association
between asthma and FeNO level varies according to active
and passive smoking. Using data from the EGEA (Epidemi-
ological study on the Genetics and Environment of Asthma,
bronchial hyperresponsiveness and atopy), the aim of the
present study was to investigate the effects of active and
passive smoking on FeNO levels in adults according to cur-
rent asthma and atopy status, simultaneously taking into
account host factors (age, sex, and height).

METHODS

Study Design

The EGEA combines a case-control and family study of asthma
(http://ifr69.vjf.inserm.fr/~egeanet/). Participants were recruited
between 1991 and 1995, and the protocol and descriptive

415 Population-based
controls

\

388 Asthmatics patients
(7 chest clinics, 5 cities)

characteristics have been described elsewhere.!'!> The
present cross-sectional analysis is based on FeNO measure-
ments recorded during follow-up conducted between 2003
and 2007."* The studied population included 654 adults (325
men and 329 women; 299 in Paris, 63 in Montpellier
[France], and 292 in Grenoble) with data on current asthma,
atopy, and smoking (Fig 1). Ethical approval was obtained
from the relevant committees (Cochin Port-Royal Hospital
and Necker-Enfants Malades Hospital, Paris), and written
informed consent was provided by all the participants. A
quality management approach was followed for implementa-
tion of EGEA2 data collection, including strong efforts to
standardize the examination procedures, which led to ISO
9001:2000 certification (http://www.afaq.org/certification=
262711141114).

Phenotypes

“Ever asthma” was defined by a positive answer to 1 of the 2
following questions: “Have you ever had attacks of breath-
lessness at rest with wheezing?” “Have you ever had asthma
attacks?” Of individuals with asthma, “current asthma” in-
cluded those who reported respiratory symptoms in the past
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Figure 1. Flowchart of the studied population. FeNO indicates fractional exhaled nitric oxide.
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12 months (wheeze; nocturnal chest tightness; attacks of
breathlessness after activity, at rest, or at night; or asthma
attacks) or the use of inhaled and/or oral medicines be-
cause of breathing problems. Asthmatic participants without
current asthma were excluded from the analyses. Asthma
severity was defined based on Global Initiative for Asthma
2006 guidelines combining asthma symptoms and treatment,
as previously used.' Atopy was defined by a mean wheal
diameter at least 3 mm greater than the negative control in at
least 1 of 11 aeroallergens (cat, Dermatophagoides pteron-
yssinus, Blattela germanica, olive, birch, Parieteria judaica,
timothy grass, ragweed pollen, Aspergillus, Cladosporium
herbarum, and Alternaria tenuis). Symptomatic allergic rhi-
nitis was defined by a positive answer to the following
question: “Have you had sneezing problems or a runny nose
when you were in contact with animals, dust, hay, or cut
flowers in the past 12 months?” Eosinophilia was defined
from white blood cell counts as an eosinophil count greater
than 5%. Lung function tests with methacholine challenge
were performed according to standardized procedures.
“Smokers” were defined as individuals who reported cur-
rently smoking cigarettes, pipes, cigarillos, or cigars at the
time of the study and for at least 1 year. “Ex-smokers” were
individuals who smoked daily and stopped smoking for at
least 4 weeks. “Nonsmokers” were those who had never
smoked. The daily consumption of tobacco was evaluated
considering 1 cigarette, 1 cigarillo, and 1 cigar equal to 1, 2,
and 5 g, respectively. ETS combined exposure at home (cur-
rently living with =1 smokers), at work (working in a smoky
area =1 h/d), and during leisure activities (=1 h/d). Partici-
pants were categorized as having no exposure to ETS
(ETS—), mild exposure (ETS <2 h/d), and noticeable expo-
sure (ETS =2 h/d).

FeNO Measurements

Online (Paris and Montpellier) and offline (Grenoble) mea-
surements were realized according to American Thoracic
Society/European Respiratory Society recommendations for
standardized procedures before other pulmonary function
tests.!> Participants avoided food and beverages (including
alcohol) and smoking tobacco for at least 1 hour before
testing. Upper and lower respiratory tract infections within 4
weeks were recorded. Participants, seated comfortably in the
upright position without a nose clip, were asked to exhale at
a constant flow against an oral pressure of at least 5 cm of
H,0. Measurements were taken for at least 6 seconds. Three
NO analyzers were used in this study: Endono 8000 (Seres,
Aix-en-Provence, France) in Paris, Aerocrine (Aerocrine AB;
Solna, Sweden) in Montpellier, and Topaze 2020 (Cosma SA,
Igny, France) in Grenoble. The 3 analyzers were calibrated
with gas containing NO (Air Liquide, Paris, France). For
Endono 8000 and Topaze 2020 analyzers, the flow rate was
calibrated daily. For the Aerocrine analyzer, the flow rate was
calibrated every 13 days according to manufacturer stan-
dards. Scrubbed air (O ppb of NO) was inhaled before mea-
surements. Repeated reproducible exhalations were per-

formed to obtain at least 2 NO plateau values that agree
within 10% of each other. Depending on the analyzer, 2 or 3
measurements at the 50-mL/s exhalation flow rate were re-
corded. In Grenoble (offline method) and Montpellier (online
method), 3 measurements performed only at the 50-mL/s
flow rate were recorded. In Paris (online method), measure-
ments were performed at 3 exhalation flow rates: 25, 50, and
100 mL/s, and only 2 measurements were recorded at each
flow rate to avoid tiring out the participants. Measurements of
FeNO at the 50-mL/s flow rate on each of the 3 analyzers
were combined. Participants with only 1 FeNO measurement
or poor calibration were excluded from the analyses (5%).

Statistical Analysis

Because of skewness of distributions, analyses were per-
formed on log10 (FeNO). In the main analysis, all the models
were run with age, sex, height, and center as covariates.
Furthermore, due to familial aggregation of the data (654
individuals from 329 families), regression analyses of linear
models on logl0 (FeNO) were performed using generalized
estimating equations (MIXED procedure with asymptotic
structure covariance).'® All the analyses were performed us-
ing SAS version 9.1 (SAS Institute Inc, Cary, North Caro-
lina).

RESULTS

The overall characteristics of the 654 adults according to
current asthma status are summarized in Table 1. As ex-
pected, compared with nonasthmatic participants, asthmatic
participants had a significantly lower mean forced expiratory
volume in 1 second (107.3% vs 96.4% of predicted, P <
.001); had more frequent bronchial hyperresponsiveness
(odds ratio [OR], 6.5; 95% confidence interval [CI], 4.1-
10.1), atopy (OR, 5.5; 95% CI, 3.7-8.0), and eosinophilia
(OR, 3.5; 95% CI, 2.0-5.9); and more often reported allergic
rhinitis (OR, 3.0; 95% CI, 2.1-4.2) and respiratory tract
infections in the past 4 weeks (OR, 2.4; 95% CI, 1.3-4.2)
independent of age, sex, and smoking.

Mean FeNO levels were significantly higher in men than in
women (16.6 vs 13.7 ppb, P < .001), a difference of border-
line significance after adjustment for age, height, and center
(17.9 vs 15.8 ppb in men vs women, P = .07). Level of FeNO
was unrelated to age, even after stratification on smoking, and
no significant association was found between FeNO level and
ambient NO and regular alcohol consumption (data not
shown). A significant variation in FeNO level according to
season was observed, with mean levels of 16.8, 13.7, 15.8,
and 13.5 ppb in spring (March/April/May), summer, autumn,
and winter, respectively (P = .01).

Associations of FeNO With Asthma, Atopy, Eosinophilia,
and Allergic Rhinitis

As shown in Figure 2, FeNO increased with current asthma,
atopy, and eosinophilia, and positive associations between
FeNO and atopy and eosinophilia were found in nonasthmatic
and asthmatic participants. According to atopy, mean FeNO
values were 12.6 vs 15.2 ppb (P = .004) and 13.6 vs 18.6 ppb
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Table 1. Characteristics of the 654 Adults Included in the Analyses
According to Current Asthma Status

No asthma Asthma
(n = 386) (n = 268)
Age, mean (SD), y 43.4 (16.1) 36.4 (17.0)

Female sex, % 52.8 46.6

Height, mean (SD), m 1.69 (0.09) 1.70(0.08)
Smoking habits, %
Nonsmokers 48.9 53.0
Ex-smokers 28.0 20.9
Smokers 23.1 26.1
In nonsmokers
No ETS, % 74.2° 66.8
Mild ETS (<2 h/d), % 14.6 18.3
Noticeable ETS (=2 h/d), % 11.2 14.9
In smokers
Daily tobacco consumption, mean 10.1(7.2) 8.4(7.6)
(SD). g
Heavy smokers, >20 g/d, % 171 114
In ex-smokers and current smokers
Pack-years, mean (SD) 11.8 (14.5) 7.5(11.1)
Asthma severity according to GINA
2006 guidelines, %
Intermittent NA 62.6°
Mild persistent NA 4.3
Moderate persistent NA 11.7
Severe persistent NA 21.4
FEV,, according to asthma severity,  107.9 (16.1)  97.1 (17.6)
mean (SD), % predicted
Intermittent NA 102.6 (11.8)
Mild persistent NA 98.6 (12.1)
Moderate persistent NA 91.8 (15.1)
Severe persistent NA 81.3 (22.9)
FEV; <80% of predicted, % 3.1 17.7
Methacholine test
Participants, No.2 286 176
PD,, =4 mg, % 27.3 71.0
Atopy, % 404 80.6
Eosinophilia (blood eosinophils 6.2 19.0
>5%), %
Allergic rhinitis, % 47.9 74.2
Inhaled corticosteroids, past 3 mo, 0 16.4
%
Respiratory tract infection 5.7 12.3

(past 4 wk), %

Abbreviations: ETS, environmental tobacco smoke; FEV,, forced ex-
piratory volume in 1 second; GINA, Global Initiative for Asthma; NA,
not applicable; PD,,, provocation dose that caused a decrease in
FEV, of 20%.

@ Methacholine testing was not performed if FEV, was less than 80%
of predicted.

® Not available in 2 participants due to missing values.

¢ Not available in 11 participants due to missing values.

(P = .006) in nonasthmatic vs asthmatic participants (Fig
2A). According to eosinophilia, FeNO values were 13.2 vs
19.2 ppb (P = .003) and 16.2 vs 24.2 ppb (P < .001) in
nonasthmatic vs asthmatic participants (Fig 2B). Associations
were similar in men and women (data not shown). Associa-

tions remained independent of age, sex, height, and center.
Overall, mean adjusted FeNO values were 15.1 vs 19.5 ppb
according to asthma, 14.2 vs 18.9 ppb according to atopy,
15.8 vs 24.8 ppb according to eosinophilia, and 14.6 vs 18.2
ppb according to allergic rhinitis (P < .001 for all). No
significant associations were found between FeNO and
forced expiratory volume in 1 second or respiratory tract
infections in the past 4 weeks. Stratification for asthma did
not change the associations.

Associations of FeNO With Active Smoking

Levels of FeNO significantly decreased with active smoking
independent of age, sex, height, center, and current asthma,
with ex-smokers having intermediate values (Table 2). This
association was similarly observed in asthmatic and nonas-
thmatic participants as in men and women (data not shown)
and held for each center. Lower levels of FeNO were also
observed with increased daily tobacco consumption or pack-
years. Further stratification according to atopy showed sig-
nificant associations between active smoking and FeNO lev-
els, particularly in atopic participants, whatever the asthma
status. In ex-smokers, no significant association between time
since stopping smoking and FeNO level was observed, with
mean values of 15.5 ppb in those who stopped smoking
during the past year (n = 25) and 17.0 ppb in those who
stopped smoking for at least 1 year (n = 135) (P = 4).

Associations of FeNO Level With Passive Smoking

In nonsmokers, FeNO level was significantly associated with
passive smoking, with participants exposed to ETS at least 2
h/d having the lowest mean value (19.6, 19.5, and 13.9 ppb in
ETS—, mild ETS, and noticeable ETS, respectively, P for
trend = .01) independent of age, sex, height, center, and
current asthma. After stratification for asthma, the negative
association between ETS exposure and FeNO level remained
significant and was gradual in asthmatic participants (mean,
24.2, 21.5, and 15.7 ppb; P = .01) but not in nonasthmatic
participants (mean, 15.5, 18.0, and 12.6 ppb; P = .5). The
sample size did not allow further stratification according to
atopy. Small numbers limited the study of ETS in ex-smok-
ers. In ex-smokers who stopped smoking for at least 1 year,
mean FeNO values were 16.5, 20.9, and 17.1 ppb in ETS— (n
= 118), mild ETS (n = 6), and noticeable ETS (n = 9),
respectively (P = .5).

Association of Active and Passive Smoking With FeNO
Level According to Asthma Status

As shown in Figure 3, with all smoking categories, an overall
decrease in FeNO levels was observed in relation to active
and passive smoking regardless of asthma status. Results of
multivariate analyses showed that noticeable ETS and active
smoking were negatively and significantly associated with
FeNO level independent of age, sex, height, and center,
regardless of asthma status (Table 3). Taking into account
ex-smokers, atopy, allergic rhinitis, eosinophilia, season, and
respiratory tract infections did not change the associations.
Analyses performed excluding the 5 individuals who smoked
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Figure 2. Associations between fractional exhaled nitric oxide (FeNO) level and atopy (A) and eosinophilia (EOS) (B) according to current asthma status.
The horizontal line and the star in the middle of each box indicate the median and the mean, respectively. The top and bottom borders of each box mark the
75th and 25th percentiles, respectively. The whiskers above and below each box mark the maximum and minimum values.

in the hour before FeNO measurement and the 2 without an
answer did not change any of the associations.

DISCUSSION

The present epidemiologic study shows for the first time, to
our knowledge, that not only active but also passive smoking
affect FeNO levels in adults. Level of FeNO decreased with
active smoking, with ex-smokers having intermediate values.
The association was observed in nonasthmatic and asthmatic
participants, and especially in atopic asthmatic participants.
Furthermore, lower FeNO levels were found in participants
exposed to ETS at least 2 h/d, an association observed in
nonasthmatic and asthmatic participants. The results show
that careful consideration of asthma, atopy, and active and
passive smoking are needed to interpret FeNO values.

This article brings new insights into the study of the effects
of active and passive smoking on FeNO level in adults taking
into account asthma and atopy. In the EGEA, asthmatic
participants have been well-characterized with a wide range
of severity, the validity of the report of ETS exposure was
good, and it was shown previously that asthma in itself did
not modify the report of ETS in families of asthmatic indi-
viduals."

Limitations of the present study include the use of 2
methods of NO measurement. Deykin et al'® reported that the
diagnostic power of FeNO to detect individuals with and
without asthma was not affected by online or offline tech-
niques. Careful attention was given to center heterogeneity,
and analyses stratified by center were performed first. Levels
of FeNO were significantly lower in Paris than in Montpellier

or Grenoble (P < .001), with FeNO geometric means (95%
CIs) of 11.3 (2.50-50.8), 21.9 (6.11-78.9), and 18.7 (8.47—
41.4) ppb, respectively. The present findings are in agreement
with those of Borrill et al,' who reported the same differ-
ences between analyzers when comparing FeENO measure-
ments in individuals using 3 different analyzers in random
order. Expected associations between FeNO level and
asthma, atopy, allergic rhinitis, and eosinophilia were similar
for each center except for Montpellier, where associations
between FeNO level and asthma and eosinophilia were not
significant: 20.9 vs 24.0 ppb (P = .4) in participants without
vs with asthma and 21.6 vs 22.9 ppb (P = .8) in those without
vs with eosinophilia. Furthermore, negative associations be-
tween active smoking and FeNO level were observed at each
center. Overall, this suggests that differences between centers
are caused by true differences between analyzers, which did
not affect qualitatively the associations studied. After check-
ing the consistency of association of FeNO level with estab-
lished clinical characteristics and smoking according to cen-
ters, we checked the consistency of FeNO with genetic
determinants,? and preliminary results showing similar asso-
ciations in each center between FeNO level and genetic
factors (not affected by measurement methods) support the
validity of the measurements despite the difference in appa-
ratus. We adjusted all the analyses on the center. Other
limitations were those commonly related to cross-sectional
analyses of data and to the fact that immediate practical utility
could not be inferred from results obtained in the framework
of an epidemiologic study.
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Table 2. Associations of Active Smoking, Daily Tobacco Consumption, and Pack-Years With FeNO According to Current Asthma and Atopy Status

No asthma Asthma
All, No. FeNO, All Atopy No atopy Atopy No atopy
(n =654) ppb?
No. FeNO, No. FeNO, No. FeNO, No. FeNO, No. FeNO, No. FeNO,
(n=2386) ppb® (n=156) ppb® (Nn=230) ppb® (n=268) ppb® (n=216) ppb® (n=52) ppb°
Smoking status
Nonsmokers 331 18.4 142 20.9 83 18.4 106 13.8 189 16.0 118 22,5 24 14.9
Ex-smokers 164 17.5 56 19.6 35 19.0 73 13.7 108 15.6 37 19.9 19 17.4
Smokers 159 14.5 70 15.9 38 13.4 51 12.5 89 12.9 61 15.9 9 18.7
P for trend NA .001 NA .01 NA .01 NA 2 NA .002 NA .002 NA 3
Daily tobacco
consumption,
g/d
None 495 18.1 198 20.5 118 18.5 179 13.8 297 15.9 155 21.7 43 15.8
<10 84 16.3 42 17.5 19 15.0 23 14.5 42 14.9 35 18.2 7 15.7
10-20 51 13.7 20 13.2 16 12.0 15 14.2 31 13.1 19 13.2 1 19.4
>20 23 10.9 8 15.1 2 8.5 13 8.5 15 8.5 7 12.7 1 771
P for trend NA <.001 NA .005 NA .0005 NA .007 NA <.001 NA .0004 NA .07
Pack-years
None 331 18.4 142 20.9 83 18.5 106 13.8 189 16.1 118 22.6 24 14.9
<10 219 16.5 98 17.8 53 17.7 68 13.4 121 15.2 85 17.7 13 19.3
10-20 58 15.3 19 17.2 9 12.8 30 13.2 39 13.5 8 17.3 11 16.9
>20 45 141 9 13.8 10 11.5 26 12.5 36 12.4 5 13.8 4 15.7
P for trend NA .0005 NA .02 NA .007 NA 3 NA .002 NA .006 NA .6

Abbreviations: FeENO, fractional exhaled nitric oxide; NA, not applicable.
a FeNO values, given as geometric means, are adjusted for age, sex, height, center, and current asthma.
® FeNO values, given as geometric means, are adjusted for age, sex, height, and center.
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Figure 3. Effects of active and passive smoking on fractional exhaled nitric oxide (FeNO) measurements according to current asthma status. The horizontal
line and the star in the middle of each box indicate the median and the mean, respectively. The top and bottom borders of each box mark the 75th and 25th
percentiles, respectively. The whiskers above and below each box mark the maximum and minimum values. ETS indicates environmental tobacco smoke.

We confirmed the known positive associations between
FeNO level and asthma, atopy, eosinophilia, and allergic
rhinitis. We found a difference of borderline significance
between men and women, an association previously found in
other epidemiologic studies.*>!->* When sex and height were
included in the regression models, sex,*?!'>* height,>> and sex
and height?*?° still remained significant. Heterogeneity of the
factors taken into account in the analyses may partly explain
the differences, and associations between FeNO and sex and
height should be specifically considered in future epidemio-
logic studies.

Whether FeNO level is age dependent in adults is still a
question in debate. Of the previous studies, some reported
positive associations of FeNO level with age overall® or after
stratification for smoking,?*?* whereas others reported no
association.?"? In the present study, we found no association
of FeNO level with age even after stratification for smoking.

Table 3. Associations Between Active and Passive Smoking and
FeNO Level According to Current Asthma Status (Results of
Multivariate Analyses)?

No asthma (n = 386)

Asthma (n = 268)

Estimate, P value Estimate, P value
mean (SE)? mean (SE)?

Nonsmoker, Reference Reference

no/mild ETS
Nonsmoker, —0.13(0.06) .03 —-0.18(0.07) .01

ETS =2 h/d
Ex-smoker —0.02 (0.03) 4 —0.05 (0.05) 3
Smoker —-0.10(0.03) <.001 —0.14(0.04) .02
P for model .001 .004

Abbreviations: ETS, environmental tobacco smoke; FeNO, fractional
exhaled nitric oxide.
a Adjusted for age, sex, height, and center.

Heterogeneity of the study populations and of the factors
taken into account in the analyses may explain the differ-
ences.

We extended the observations of the impact of active
smoking on FeNO level by studying daily tobacco consump-
tion and pack-years. We first confirmed the decrease in FeNO
level with current active smoking, with ex-smokers having
intermediate values between smokers and nonsmokers, as
previously found.*>2!?* The association was similar in men
and women and according to asthma status. Furthermore, a
significant decrease in FeNO level was found in nonsmokers
exposed to ETS at least 2 h/d. This finding is consistent with
that of the study by Yates et al,”’ in which FeNO levels in 15
controls decreased rapidly when exposed to cigarette smoke
in a ventilated chamber compared with sham-exposed indi-
viduals. This finding is also coherent with that of a recent
study'® reporting a decrease in FeNO levels in 22 allergic
asthmatic children with daily exposure to ETS compared with
48 unexposed asthmatic children.

Tiered explanations, each of biological plausibility, may
explain the present results. Tobacco smoke contains a high
concentration of NO, which exerts negative feedback on its
synthesis,?® and downregulation of NO synthase activity in
cells of the respiratory tract by this mechanism has been
suggested.?’ Observations of dose-effect relationships with
daily tobacco consumption or pack-years are consistent
with this negative feedback. Consistently, the expression
of endothelial NO synthase in pulmonary arteries was
reduced in smokers.’® Marked effects of smoking in asth-
matic or atopic individuals may be explained by the high-
est FeNO levels observed in nonsmokers in these sub-
groups and by the fact that it is easier to dip down when
starting at high values. NO is a highly reactive molecule
that can be oxidized or complexed with other biomolecules
depending on the environment. Regarding the inflamma-
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tory microenvironment that characterizes asthma,®' with
high levels of macrophages, neutrophils, and eosinophils,
exaggerated production of NO in airways of asthmatic
individuals in the presence of “oxidative stress” may pro-
duce highly reactive oxygen and nitrogen species.??> FeNO
was considered to better reflect processes that occur in
relation to atopy rather than asthma. In atopic asthmatic
individuals, high NO consumption, downregulation of NO
synthase activity, and production of reactive species may
coexist due to smoking, explaining the highest differences
in FeNO levels between nonsmokers and current smokers
observed in this subgroup.

In conclusion, besides active smoking, passive smoking
is suggested as another factor that needs to be carefully
considered in the study of FeNO levels in asthmatic adults.
As suggested recently,? other steps in the progression of
FeNO measurements from a research tool to a useful
clinical test are necessary, and the use of FeNO level in the
assessment of asthma should be discussed again, taking
into account environmental factors, such as active and
passive smoking, in the interpretation of FeNO values.
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