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A B S T R A C T

Objective: This study aimed to analyze upper and lower airway function and the impact of smoking

habits in a cohort of allergic and healthy adolescents. The influence of smoking habits on the outcomes of

rhinitis and asthma is well documented, but only few reports are available showing smoke related upper

airway impairment by rhinometric measurements, and none with focus on early changes in adolescents.

Methods: A cohort followed from infancy was re-examined at the age of 18 years concerning allergy

development. Acoustic rhinometry (VOL2), spirometry (FEV1) and measurements of nitric oxide levels

from the upper (nNO) and lower airways (eNO) were performed before and after physical exercise, and

smoking habits were registered.

Results: Active smoking habits were reported by 4/21 subjects suffering from allergic rhinitis, by 1/4

from probable allergic rhinitis, by 0/3 subjects with atopic dermatitis and by 2/10 healthy controls.

Smoking habits were reported as daily by 2 and occasional by 5 of the 7 active smokers. VOL2 did not

increase in smokers after exercise as in non-smokers, resulting in a post-exercise group difference

(7.3 � 1.1 cm3 vs. 8.8 � 1.5 cm3; p = 0.02), and FEV1 values were lower in smokers compared to non-smokers

(89 � 7% vs. 98 � 8%; p = 0.02). The nNO and eNO levels were, however, only slightly reduced in smokers.

Airway allergy was discerned only in subjects with current allergen exposure by increased eNO levels

compared to healthy controls (41 � 44 ppb vs. 13 � 5 ppb). The levels of VOL2, nNO and FEV1 did not

differentiate allergic subjects from healthy controls.

Conclusions: Low levels of tobacco smoke exposure resulted in reduced airway functions in this

adolescent cohort. Acoustic rhinometry and spirometry were found to be more sensitive methods

compared to nitric oxide measurements in early detection of airway impairment related to smoke

exposure. A possible difference in airway vulnerability between allergic and healthy subjects due to

smoke exposure remains to be evaluated in larger study groups.

� 2010 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Prediction, diagnosis and management of allergic rhinitis and
other forms of hypersensitivity in the upper airways is of great
importance, as these disorders are common and the impact is
considerable on affected individuals [1]. During infancy and
childhood symptoms are mainly due to allergy mechanisms. As
age advances exposure to air pollutants may increasingly
contribute to airway symptoms, many of which are due to non-
allergic mechanisms. Tobacco smoke is one of the most common
indoor air pollutants, affecting many subjects during childhood by
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passive exposure and during adolescence and adult life also by
active smoking habits. The harmful effect of tobacco smoke on the
outcomes of rhinitis and asthma is well described [2–4]. However,
only a few studies have analyzed smoking habits and nasal
obstruction by of means of acoustic rhinometry or rhinomano-
metry [5,6], and no reports have been found using these methods
with focus on early smoke related nasal impairment in adolescents.

In this report the functions of the upper and lower airways were
objectively evaluated and related to current smoking habits in a
group of allergic and healthy adolescents. The subjects were all
included during infancy in a prospective study with focus on a
presumed allergy predictor. The cohort had previously been
checked twice [7,8], and a third follow-up was performed at the
age of 18 years [9]. At this age some of the participants were
presumed to have gained smoking habits but not experience of
try, spirometry and nitric oxide in relation to airway allergy and
ngol. (2010), doi:10.1016/j.ijporl.2010.10.029

http://dx.doi.org/10.1016/j.ijporl.2010.10.029
mailto:kristina.irander@telia.com
http://dx.doi.org/10.1016/j.ijporl.2010.10.029
http://www.sciencedirect.com/science/journal/01655876
http://dx.doi.org/10.1016/j.ijporl.2010.10.029


Table 1
Number of subjects in the allergy sub-groups related to smoking habits;

perennial = subjects sensitized to perennial�pollen allergens; pollen = subjects

sensitized to pollens only.

Allergy sub-groups Smoking habits Totals

No Passive Active

Allergic rhinitis

Perennial 10 1 2 13

Pollen 5 1 2 8

Atopic dermatitis 3 0 0 3

Probable allergy 3 0 1 4

Healthy 8 0 2 10

Totals 29 2 7 38
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occupational irritants. Thus, the group was regarded as suitable for
a study of early airway impairment due to smoking habits.
Measurements by acoustic rhinometry, spirometry and analyses of
nasal nitric oxide (nNO) and exhaled nitric oxide from the lower
airways (eNO) were performed before and after provocation of the
airways by means of physical exercise. Analyses of nitrite and
nitrate concentrations in nasal lavages were also included, as these
end products in the NO metabolism were supposed to be of
interest.

2. Materials and methods

2.1. Study design

The study was performed out of the pollen season. The subjects
had to be free from airway infections for at least 10 days prior to
the examination. All participants were examined in the morning
before noon to avoid influence from the diurnal variations of NO
levels [10]. Each participant was acclimatized to the temperature
and humidity of the indoor air in a sitting position for at least half
an hour prior to examination, while allergy symptoms, use of
medications and smoking habits reported in a questionnaire were
scrutinized. The participants were also interviewed about the
breakfast, as intake of vegetables is found to affect NO measure-
ments [11–13]. However, breakfast was not reported to contain
vegetables by any of the participant. The tests were performed in
the following order: Acoustic rhinometry, spirometry, nasally
exhaled NO and orally exhaled NO after mouthwash. Physical
exercise was performed to evaluate the functional status of the
airways. The four tests were repeated in the same order
immediately following exercise, and spirometry was repeated
another two times as described below. These examinations were
then followed by a skin prick test (SPT), blood sampling for
Phadiatop1 analysis, inspection of the upper airways and a nasal
lavage for the analysis of nitrite/nitrate concentrations.

2.2. Subjects

2.2.1. Number of participants

A cohort, including 67 infants with high and low risk of allergy
development, was followed up at the age of 18 years in order to
evaluate the age of allergy debut in relation to a presumed allergy
predictor [9]. At this follow-up, the invitation to participate in
clinical examinations, allergy tests and tests of airway functions
was accepted by forty-nine subjects, but due to technical failures of
NO measurements in four individuals and exclusion of results from
seven subjects using pharmacological agents with possible effects
on airway functions and NO levels [14–16], the evaluations of the
upper and lower airways were based on results from 38
individuals. Unfortunately, two of them refused to participate in
the exercise test, providing only pre-exercise test values.

2.2.2. Allergy diagnoses and allergy tests

The diagnoses of allergy and the allergy tests in this 18-year
follow-up are previously described in detail [9]. In summary,
allergy diagnoses of the upper and lower airways were based on
the history of relevant symptoms appearing at least twice in
relation to exposure to airborne allergens during the previous two
years. Diagnosis of asthma was confirmed by pre-defined changes
in the spirometry results of the exercise provocation test (see
below). Relevant symptoms from the lower airways, but not
reaching asthma criteria, were called ‘allergic bronchitis’. Atopic
dermatitis was evaluated according to the SCORAD index [17]. The
term ‘probable allergy’ was used when symptoms were not quite
distinct, had an uncertain relation to allergen exposure or were not
repeatable, and thus did not fulfill all of the criteria. According to
Please cite this article in press as: K. Irander, et al., Acoustic rhinome
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these definitions, twenty-one subjects suffered from allergic
rhinitis symptoms and some in this group also from lower airway
symptoms and atopic dermatitis, three subjects from atopic
dermatitis only with no airway symptoms, while reports from
four individuals were inconclusive. Ten subjects were symptom
free.

The SPT was performed using ALK extracts (ALK, Sverige AB,
Sweden) including pollen allergens (birch, timothy, mugwort) and
perennial allergens (horse, cat, dog, D pteronyssinus, D farinae,
Alternaria, Cladosporium). SPT was defined as positive if the mean
wheal diameter (half of the sum of the largest diameter and its
perpendicular) was at least 3 mm [7]. Histamine hydrochloride
10 mg/ml served as a positive reference and normal serum
albumin as a negative control. Sensitization to inhalant allergens
was also examined in all of the subjects using Phadiatop1 analysis
(Phadia AB, Uppsala, Sweden).

2.2.3. Allergy sub-groups

All participants were allocated into five sub-groups. Subjects
with allergic rhinitis were separated into a ‘perennial’ sub-group
(n = 13) due to sensitization to perennial allergens, regardless of
any concurring positive pollen tests, and a ‘pollen’ sub-group
(n = 8) sensitized to pollens only and thus not exposed to any
offending allergens for at least three months. The atopic dermatitis
group included subjects with eczema only and no airway
symptoms (n = 3), and the ‘probable’ group subjects with
inconclusive symptoms (n = 4). The healthy non-sensitized sub-
jects served as a control group (n = 10).

2.2.4. Smoking habits

All subjects were asked to report daily smoke exposure at home
or during leisure time. Their own current habits of cigarette
consumption were reported as occasional (�1–2 cigarettes per
week; n = 5), light (1–9 cigarettes per day; n = 1), moderate (10–20
cigarettes per day; n = 1) or heavy (>20 cigarettes per day; none).
Thus, altogether seven subjects reported active smoking habits and
another two passive smoke exposure.

The numbers of subjects with smoking habits in the allergy sub-
groups are shown in Table 1.

2.3. Acoustic rhinometry

Acoustic rhinometry was performed using Rhin 2000 (S.R.
Electronics A.S., Lynge, Denmark). The mean values from three
recordings and the sum from both nasal cavities were calculated
using the computerized program with pre-determined calcula-
tions of minimal nasal cross-sectional areas and volumes [18]. The
values of VOL2, corresponding to the volume in the anterior part of
the proper nasal cavity (a distance of between 2.20 and 5.40 cm
from the nostrils, as calculated in Rhin 2000), were chosen for
statistical analyses.
try, spirometry and nitric oxide in relation to airway allergy and
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Table 2
Parameter values before and after exercise in the upper and lower airways related to smoking habits.

Parameters Non-smokersa

(n = 29)

Passive smokers

(n = 2)

Active smokersb

(n = 7)

Group

differences

Upper airways VOL2 (cm3)

Before 6.5�1.1 5.5� 0.3 7.3�1.7 n.s.

After 8.8�1.5 7.3�1.2 7.3�1.1 a/b p = 0.02

nNO (ppb)

Before 70�32 90�20 58�18 n.s.

After 67�30 75�17 56�15 n.s.

Nitrites/nitrates (mM)

After 17�8 14�1 18�10 n.s.

Lower airways

FEV1 (%)

Before 98�8 101�7 89�7 a/b p = 0.02

After 97�7 100�11 87�6 a/b p<0.01

eNO (ppb)

Before 23�30 18�19 20�28 n.s.

After 16�12 18�20 18�24 n.s.

Differences calculated between the groups of non-smokers (a) and active smokers (b); n.s. = not significant.
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2.4. Spirometry and the exercise test

The function of the airways was evaluated before and after a
physical exercise test. The individuals had to run on a treadmill
for 6 min to achieve a pulse rate of �160 beats per minute.
Spirometry (Microlab) was performed before and after exercise
and repeated after a further 15 min. A reversal dose of an
inhaled beta-agonist was then given followed by a fourth
measurement 15 min later. The best result from three record-
ings from each of the four repeated measurements was used.
The definition of on-going asthma was based on the values of
the forced expiratory volume in 1 s (FEV1): An initial FEV1 value
�80% of the expected value, a reduction of FEV1 �15% after the
physical exercise or an increase of FEV1 �15% after bronchodila-
tion.

2.5. NO measurements from the upper and lower airways

Measurements of NO followed the ATS/ERS recommendations
[14] using NIOX1 (Aerocrine AB, Sweden) at a flow rate of 3 l/
min. The nNO values were calculated according to the
‘subtraction method’ [10]. Briefly, when measuring nasally
exhaled NO, a tight-fitting nasal mask was adapted to the
mouthpiece used for oral exhalations, and the mean of three
recordings was calculated. In order to avoid the non-airway
contribution of NO from saliva in the oropharyngeal tract [11–
13] a mouthwash with 20 ml of sodium bicarbonate solution
(10%) for 1 min was performed, and eNO was calculated as the
mean of three immediately following oral exhalations. This
mean eNO value was subtracted from the mean nasally exhaled
NO value in the calculation of nNO. Thus, nNO, as calculated
using the ‘subtraction method’, represents the supra-velar
airway contribution to nasally exhaled NO.

2.6. Nasal lavage and nitrite/nitrate analysis

Nasal lavage was performed using saline pre-warmed to 37 8C.
The subject held the head bent forward with the face horizontally
while the left nasal cavity was filled with saline, using a syringe
connected to the nostril via a short tube and a nasal olive. After
5 min the saline was aspirated back and immediately centrifuged.
The supernatant was kept frozen (�20 8C) until analysis. Nitrites
and nitrates were analysed by the Greiss reaction after reduction of
nitrate to nitrite according to the method described by Verdon
et al. [19].
Please cite this article in press as: K. Irander, et al., Acoustic rhinome
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2.7. Statistics

In general, statistics were analyzed by non-parametric meth-
ods, using the Graph Pad Prism software program. Mann–Whitney
U-Test (MW) was used in calculations of differences between two
groups. Wilcoxon Signed Rank Test (W) was used in calculations of
differences between separate occasions in the same group of
individuals. Results are presented as mean values � 1 standard
deviation. Spearman Rank Correlation was used in evaluating
correlations. p < 0.05 was regarded as significant.

2.8. Ethics

The study was approved by the Ethical Committee at the
University Hospital in Linköping, Sweden (03694) and performed
according to the Declaration of Helsinki. A written informed
consent was obtained from each of the participants.

3. Results

3.1. Acoustic rhinometry

3.1.1. Allergy sub-groups

The mean value of VOL2 in the overall group was 6.6 � 1.2 cm3

before and 8.5 � 1.6 cm3 after exercise. No statistical differences were
found between any of the allergy sub-groups and the healthy group in
the pre- or post-exercise values. The increase in VOL2 after exercise
was significant (p < 0.0001) in all of these groups.

3.1.2. Smoking habits

The values of VOL2 in relation to smoking habits are shown in
Table 2. VOL2 was slightly lower in the group of non-smokers
compared to the group of active smokers before exercise, but
increased after exercise only in non-smokers (p < 0.0001) but not
in smokers, resulting in a post-exercise significant difference
(p = 0.02) between the two groups (Fig. 1a).

3.2. Spirometry

3.2.1. Allergy sub-groups

In the overall group the pre-exercise value of FEV1 was 97 � 9%
of the expected value, with a significant decrease to 95 � 8%
immediately following exercise (p < 0.01), no further decrease
15 min later, and with a significant increase to 97 � 8% after the
reversal dose (p = 0.001). No significant differences were found in
try, spirometry and nitric oxide in relation to airway allergy and
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FEV1 values between any of the allergy sub-groups and healthy
controls. None of seven subjects reporting lower airway symptoms
fulfilled the criteria of asthma diagnosis, and they were thus regarded
to suffer from allergic bronchitis.

3.2.2. Smoking habits

The values of FEV1 in relation to smoking habits are shown in
Table 2. A significant difference was found between the groups of
active smokers and non-smokers, as lower levels were found in
smokers before exercise as well as after exercise (p = 0.02 and
p < 0.01 respectively; Fig. 1b). The same group differences were
found in the further two repeated FEV1 measurements.

3.3. Nasal NO (nNO)

3.3.1. Allergy sub-groups

The mean value of the nNO level in the overall group was
69 � 29 ppb before and 65 � 27 ppb after exercise. No significant
differences in the nNO levels were found between any of the allergy
sub-groups and healthy controls. A slight reduction in nNO levels
after exercise was found in all groups.
Please cite this article in press as: K. Irander, et al., Acoustic rhinome
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3.3.2. Smoking habits

The nNO values in relation to smoking habits are shown in Table
2. The nNO level was lower, but not significantly, in active smokers
in comparison to the nNO level in non-smokers.

3.4. Nitrite/nitrate levels in nasal lavage and the relation to nNO levels

The level of nitrites/nitrates in the overall group was 17 � 8 mM.
No significant level differences were found related neither to allergy
nor to smoking habits (Table 2). A positive correlation was found
between the levels of nitrite/nitrate and nNO in the overall group
(r2 = 0.07; p = 0.02).

3.5. Orally exhaled NO (eNO)

3.5.1. Allergy sub-groups

The eNO level was numerically higher in the sub-group
sensitized to perennial allergens compared to the healthy group
before (41 � 44 ppb vs. 13 � 5 ppb) and after exercise (28 � 22 ppb
vs. 13 � 5 ppb). The levels before and after exercise in the pollen-
sensitized sub-group (14 � 10 ppb and 13 � 10 ppb, respectively)
were not different from the levels in the healthy control group.

3.5.2. Smoking habits

The e NO levels in the overall group were 22 � 29 ppb before and
17 � 15 ppb after exercise. No conclusive differences were found
between non-smokers and active smokers (Table 2).

4. Discussion

This study of an adolescent cohort showed an obvious influence
from early smoking habits on the airway functions. This was not
expected, as the number of smokers and the consumption of
cigarettes were low. Thus, acoustic rhinometry disclosed disturbed
function of the upper airways, as the nasal volume after exercise
did not increase in smokers as is normally expected [20]. Signs of
smoke-related disturbance were also found by spirometry, as the
values of FEV1 were significantly lower, although within normal
limits, in smokers compared to non-smokers. Our results are in
accordance with the two previous studies on nasal obstruction
analyzed by acoustic rhinometry [5,6] and a recently published
study [21] reporting a reduced mucosal decongestion in smokers.
Signs of lower airway obstruction were found in adolescents with
active smoking habits [22–25], which also is in agreement with our
findings. Our study indicates that the very low exposure dose in
adolescent smokers with occasional habits may result in a
functional disorder with a reduced plasticity of the airways. A
possible different vulnerability in allergic rhinitis in comparison to
non-allergic subject could not be evaluated, however, due to the
low numbers of smokers in the allergy sub-groups and the healthy
control group.

In contrast to the results from the functional tests, the
inflammatory markers nNO and eNO showed just a slight
reduction of the NO levels in the smokers. According to previous
studies on smokers the reduction of nasal NO [26] and exhaled NO
[27] has been significant. The different out-come in our study
might be due to the low cigarette consumption.

Our attempt to identify ongoing airway allergy by means of NO
measurements, showing no differences in nNO levels but increased
eNO levels, was in accordance with previous studies recently
reviewed [28]. None of the techniques used for nNO analysis in
recent studies have shown differences between nNO levels in
allergic rhinitis subjects and normal controls [28]. Our nNO results,
using the method of subtraction of eNO values after mouthwash
from the nasally exhaled NO in the calculation of the nNO levels,
showed the same results found in the previous study using this
try, spirometry and nitric oxide in relation to airway allergy and
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method [29]. Thus, also the ‘subtraction method’, although
repeatable, is inadequate to detect the smaller differences in
nNO levels that might be expected in allergic rhinitis. The higher
level of eNO, found in the perennial group with continuous allergen
exposure in comparison to the pollen group with no current
allergen exposure and healthy controls, are in line with results
described in previous reports [30,31].

The concentrations of nitrites/nitrates in NAL showed a
correlation with the nNO levels, although with a very low
correlation coefficient. No advantage of using nitrites/nitrates
analyses compared to nNO measurements was found.

The subjects in our study were examined in a condition of
optimal health and the allergen exposures were limited to
perennial allergens, often in minor doses, and no exposure to
pollen allergens. This might explain why an expected nasal
obstruction in subjects sensitized to perennial allergens was not
identified by acoustic rhinometry. Likewise, this might also explain
why none out of the seven subjects suffering from allergic
symptoms in the lower airways had the asthma diagnosis verified
by FEV1 results in the physical exercise test. Unfortunately, the
sub-group members were low in number, which reduced the
possibility to find statistical differences, a negative consequence of
using a cohort for comparative studies. Nevertheless, in spite of
low subject numbers an obvious influence on the airways due to
smoking habits was found.

In conclusion, low levels of tobacco smoke exposure resulted in
obvious reductions of airway functions as measured by acoustic
rhinometry and spirometry before and after a physical exercise test
in our cohort of adolescents. These functional tests were found to
be more sensitive compared to nitric oxide measurements in early
detection of the smoke related airway impairment. Since our
cohort was small and the numbers of smokers were low, our
findings have to be confirmed in larger studies, which also are
required for an evaluation of a possible difference in vulnerability
to tobacco smoke in allergic rhinitis subjects compared to healthy
controls.
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