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Increased nasal mucosal swelling in subjects with asthma
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Summary

Objective The objective of this study was to evaluate nasal mucosal swelling with acoustic rhino-
metry in subjects with asthma and in healthy controls.

Methods We examined 184 individuals with asthma and compared with 156 randomly selected
controls outside the pollen season, where 144 subjects in the asthma group and 80 controls had a
previous history of non-infectious rhinitis (NIR). Nasal mucosal swelling was assessed with acoustic
rhinometry before and after nasal decongestion with oxymetazoline and was analysed for the cross-
sectional area (4cm from the nostril) and the volume between 3.3 and 4cm from the nostril.
Symptom scores for nasal blockage, secretion, itching and sneezing were assessed on a 0-10 visual
analogue scale as well as peak nasal inspiratory flow and spirometry.

Results Before decongestion there was a decrease in the cross-sectional area at 4 cm (1.32 cm? vs.
1.59 cm?, mean left + right P=0.04) and in the volume (1.70 vs. 1.91cm® P=0.03) in the asthma
group compared with healthy controls. After decongestion there were no significant differences in
cross-sectional area at 4cm (1.66 vs. 1.73cm? P=0.32) or volume (2.12 vs. 2.24cm?® P=0.32).
Combined nasal symptom scores were higher in the asthma group (1.8 vs. 0.8, P=0.0001) and
peak nasal inspiratory flow was lower (119 vs. 124 L/min, P = 0.38) than the healthy controls. FEV,
(% predicted) was also lower in asthma group (84 vs. 93% P <0.0001).

Conclusion We have been able to demonstrate an increased nasal mucosal swelling in a population
sample of persons with asthma compared to healthy controls. These data support previous reports of
a generalized airway inflammation in patients with asthma and suggest that acoustic rhinometry can
be used to monitor the nasal mucosal swelling in these patients.
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Introduction

Epidemiological studies have indicated that rhinitis is common
in patients with bronchial asthma, affecting 74-99% of the
asthma population [1,2] We have previously assessed self-
reported non-infectious rhinitis (NIR) in a population sample
of subjects with asthma and a random sample of controls using
a validated rhinitis question [3]. As previously described, NIR is
defined as problems with nasal blockage, secretion or sneezing,
since the age of 15years that was not common cold, and thus
includes both allergic and non-allergic rhinitis [4]. We found
82% NIR among both men and women in the asthma group
(n=315) compared with 47% (n=699) of the women and 45%
of the men in the control group (n=689) (P =0.001), Hellgren,
unpublished data.

One of the main symptoms of rhinitis is nasal blockage.
Intranasal steroids have been found to reduce symptoms of
nasal blockage and increase peak nasal inspiratory flow
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(PNIF) in patients with asthma and rhinitis, indicating an effect
on nasal inflammation and on nasal patency [5-7]. It is thus
likely that rhinitis in asthma is accompanied by an increased
swelling of the nasal mucosa. To our knowledge this has not
been verified before in direct studies of the nasal mucosa.
One study including 41 persons with asthma using acoustic
rhinometry found no significant differences in minimum cross-
sectional area or intranasal volume compared with healthy
controls [8].

Since it has been suggested that rhinitis in asthma is part of a
generalized airway inflammation, an increased swelling of the
nasal mucosa would be expected.

To investigate this further, we have assessed nasal mucosal
swelling outside the pollen season, using acoustic rhinometry, in
a population sample of subjects with asthma compared with a
random selection of non-asthmatic controls.

Materials and methods

Subjects

The asthma group in this study is part of a prospective asthma
study that was started in 1986 at the Allergy Department,
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Sahlgrenska University Hospital, Goteborg, and originally in-
cluded 420 asthma patients between 18 and 60 years of age [9].

The diagnosis of asthma was defined as a recent onset of
typical asthma symptoms (attacks of dyspnoea, wheezing, dys-
pnoea or cough induced by asthma triggers, symptom relief by
bronchodilators) and at least one of the following criteria.

e Three amplitude differences in peak expiratory flow, (PEF)
variations of at least 20% during two weeks of registration.

e FEV, increased by > 15% from the initial value after the
inhalation of B, bronchodilators.

e FEV, increased by > 15% after two weeks of treatment with
oral steroids.

e PC,y <4mg/L at methacholine challenge test.

In 1996, a questionnaire on asthma and rhinitis was mailed to
the asthma group and a random sample of 1904 controls from
the same area [9]. The prevalence of NIR was assessed (see
below) and was later used to stratify the subjects in the clinical
study.

In 1998, we invited the remaining subjects in the asthma
population, who participated in the questionnaire study
(n=315) to participate in a clinical study of rhinitis together
with a random subsample from the control group. From the
controls, 200 who answered yes to the rhinitis question (NIR
controls), and 200 who answered no (non-NIR controls), were
randomly selected (Table 1).

Subjects who had moved more than 40 km from Goteborg
and were expected to have difficulty attending the clinical exam-
ination and those who had died were excluded. We thus invited
302 asthma patients, 166 controls in the NIR group and 155 in
the non-NIR group. Due to failure to respond, refusal to par-
ticipate and sickness, we finally examined 184 asthma patients
(61%), 80 NIR controls (48%) and 76 non-NIR controls (49%).

Definition of non-infectious rhinitis

The prevalence of NIR was assessed with a slightly modified
question from the ‘International study of asthma and allergies
in childhood” (ISAAC):'Have you ever had a problem with
sneezing, or a runny, or a blocked nose when you DID NOT
have a cold or the flu? [3,10]. The wording of the question has
been adapted to assess adult onset rhinitis, by excluding symp-
toms before the age of 15. As previously described, persons who
answered ‘yes’ to this question were considered to have NIR [4]
This definition of rhinitis was chosen because both allergic and
non-allergic rhinitis have been reported as risk factors for
developing asthma [11]. The NIR question does not stratify
rhinitis according to known allergic status. We have also

Table 1. The development of the study population in chronological order.
The underlying population aged 18-60 in 1986 was 370000. The
percentage of the invited subjects who were examined in 1998 is
presented within brackets

Asthma Controls
() (n)
Included 1986 420
Remaining 1996 407 Included 1996 1.904

Present study population

Remaining 1998 315 Subsample 1998 200NIR 200 non-NIR
Invited 302 166 155
Examined 184(60%) 80(48%) 76(49%)

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:64-69

Increased nasal mucosal swelling in subjects with asthma 65

increased the sensitivity for NIR, by disregarding the duration
of symptoms, since rhinitis and asthma are known to vary in
intensity and recurrence over time.

Medications

Nasal steroids were discontinued 4 weeks and antihistamines
S days before examination. Inhaled pulmonary steroids or oral
steroids were not discontinued. Short-acting f, agonists were
not taken for 4 h before examination and long-acting 3, agon-
ists for 3 days before. Ipratropiumbromide was not taken for
12 h before examination.

Study design

The clinical examination was conducted outside the pollen
season at the Allergy Department, Sahlgrenska University
Hospital. Each subject was asked to fill out a questionnaire
addressing asthma, rhinitis and smoking habits. The presence
of hayfever was assessed with the following question: ‘Have you
currently or previously had hayfever, that is nasal blockage,
runny nose and/or sneezing attacks, during the spring and/or
summer that was not due to a common cold?’ [3].

Skin prick test and atopy

Skin prick test has previously been performed in 157 subjects in
the asthma group within the longitudinal asthma study [9]. Self-
reported atopy was assessed with the question: ‘As a child, did
you have any form of allergy, such as eczema, asthma or hay-
fever?’ [3]. The clinical examination was made after 30 min of
adaptation to the ambient air conditions.

Spirometry

A trained nurse assessed spirometry, using a dry spirometer,
(Vitalograph, Buckingham, UK) according to the American
Thoracic Society [12], expressed as a percentage of the predicted
[13].

Symptom score

Current symptoms of nasal blockage, secretion, itching and
sneezing were rated on a 0-10 visual analogue scale (VAS,
0=no symptoms, 10 =worst possible symptoms). A mean of
the four symptom scores was calculated (mean score).

Nasal blockage was additionally rated after decongestion.
The difference in blockage score before and after decongestion
was calculated (A blockage).

Anterior rhinoscopy

All subjects were examined with anterior rhinoscopy, using a
speculum and a headlamp. All examinations were performed by
the same ear, nose and throat (ENT) specialist (J. H.). Presence
of NIR was blinded to the investigator. Nasal mucosal colour
was recorded as pale or red. Nasal polyps were recorded. Septal
deviations and hypertrophy of the inferior turbinate were also
recorded as the side that was most obstructed.

Decongestion

Acoustic rhinometry and peak nasal inspiratory flow, (PNIF)
were performed before and after decongestion of the nasal
mucosa. Commercially available oxymetazoline 0.5 mg/mL
(Nezeril®, Draco, Sweden) was sprayed twice into each nasal
cavity. The mucosa was considered decongested after 10 min.
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PNIF

The PNIF was monitored with a PNIF meter (In-check™,
Clement Clarke International Limited, Essex, UK). The max-
imum value out of three consecutive measurements was
recorded [14].

Acoustic rhinometry

Intranasal geometry was assessed with acoustic rhinometry
(Rhin 2100, Rhinometrics, Copenhagen, Denmark) [15]. We
used anatomic nose-pieces in two sizes and Vaseline contact
gel between the nose-piece and the nostril. The probe was
hand-held with the subject sitting opposite the investigator in
an upright position, holding his/her breath during the measure-
ments. Three similar recordings were made on each side to
produce a mean [16]. The same reviewer manually reviewed all
the acoustic rhinometry data, and 11 unilateral recordings were
discarded because of obstructive anterior septal deviations with
subsequent invalid readings beyond the obstruction. These were
evenly distributed between the three main groups. The cross-
sectional area 4 cm from the nostril (CA 4), the volume between
3.3 and 4 cm from the nostril (volume) and the minimum cross-
sectional area (MCA) were calculated.
The study was approved by the local ethics committee.

Statistical analyses

Comparisons between groups of FEV;, mean score before
decongestion and PNIF, MCA, CA, volume, and A blockage
before and after decongestion were made using a non-
parametric Kruskal-Wallis test and the P-values have generally
been given. A P-value of <0.05 was considered statistically
significant. The association between acoustic rhinometry data
as the dependent variables and different explanatory variables
was tested using multiple linear regression and the significance
of the slope in the multivariate regression model was based on
the t-distribution. For the linear regression models, PROC
REG from the SAS statistical package was used. The nasal
mucosal swelling was expressed as logarithm transformed
volume 3.3-4 cm from the nostril.

Results

Subjects

Baseline data for the examined subjects (attendees) and
the unexamined subjects (non-attendees) are presented in
Table 2.

Among the attendees in the asthma group, one fifth were no
longer using any medication for their asthma and another 20%
used only B, agonists indicating a remission or a very mild
disease in some subjects.

Skin prick test and atopy

The result of the skin prick test, previously performed in
the asthma group, showed that 88/157 (56%) were skin prick-
positive for perennial allergens such as house dust mite or
cat. Self reported atopy was present in 19% of the non-NIR
controls, 22% of the NIR controls, 19% of the non-NIR asthma
subjects and 41% of the NIR asthma subjects.

Table 2. Baseline data for attendees (A) and non-attendees (NA)

N Age Sex Smokers
(years) females (%) (%)
Asthma A 184 48 62 54
Asthma NA 118 41 63 36
NIR Controls A 80 48 63 55
NIR Controls NA 86 43 42 31
Non-NIR Controls A 76 49 49 65
Non-NIR Controls NA 79 45 52 28

Spiometry

Spirometry data are presented in Table 3.

Anterior rhinoscopy

Anterior rhinoscopy revealed reddening of the nasal mucosa in
34% of the non-NIR controls, 23% of the NIR controls, 29% of
the non-NIR asthma subjects and 29% of the NIR asthma
subjects. In the asthma group 50% had an asymmetry between
the left and right side with regard to septal deviation and/or
turbinate hypertrophy. Non-NIR controls had an asymmetry
in 57% and NIR controls in 53%. Nasal polyps were present
in 13 cases on the left side and 19 cases on the right side of the
subjects with asthma (n=20). In the NIR controls, polyps
were present in one case on the left side and two cases on the
right side (n=2). No polyps were observed in the non-NIR
controls.

Symptom score

Prior to decongestion, both the asthma group and the rhinitis
group had a higher mean score than the non-NIR controls
(P=0.0001), Table 3. The main symptom was nasal blockage
in all three groups ranging from 1.1-2.3, followed by sneezing
1.0-2.4, and secretion 0.9-2.0. After decongestion, the change
in subjective nasal blockage, Ablockage, was more pronounced
in the asthma group and NIR control group compared with the
non-NIR control group (P =0.002-0.004).

PNIF

Before decongestion the PNIF was lower in the asthma group
(119 vs. 124 L/min, P=0.38) and in NIR controls (109 vs.
124 L/min, P=0.01) than in the non-NIR control group. The
PNIF increased by 14% in the asthma group, 12% in the NIR
control group and 10% in the non-NIR control group after
decongestion.

Acoustic rhinometry

The acoustic rhinometry data are presented in Table 3. Before
decongestion, subjects with asthma had a significantly lower
mean CA 4, mean left + right side (1.32 vs. 1.59 cm?, P =0.04)
and volume (1.70 vs. 1.90cm®, P=0.03) than non-NIR con-
trols. In the multivariate linear regression model, adjusting for
smoking, sex, FEV,, and atopy, the asthma group showed
significantly (P =0.029) more nasal mucosal swelling.

The MCA was also calculated and it was lower in the asthma
group than in the non-NIR control group (0.61 vs. 0.64 cm?) but
not significant. The increase in MCA after decongestion,
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Table 3. Comparison between asthma, NIR asthma, non-NIR asthma, NIR controls and non-NIR controls

Method Asthma NIR asthma Non-NIR asthma NIR controls Non-NIR controls
N 184 144 40 80 76
FEV, (% predicted) 84 85 77 90 93
Mean score (VAS 0-10) 1.8 (P=0.0001) 1.9 (P=0.0001) 1.4 (P=0.04) 1.7 (P=0.0001) 0.8
A blockage (VAS 0-10) 1.1 (0.004) 1.0 (P=0.01) 1.2 1.1 (P=0.002) 0.6
PNIF before (L/min) 119 118 124 109 (P=0.01) 124
PNIF after (L/min) 136 136 136 122 (P=0.02) 136
CA 4 before (cm?) 1.32 (P=0.04) 1.31 (P=0.03) 1.34 1.34 1.59
CA 4 after (cm?) 1.66 1.66 1.60 1.51 1.73
Volume before (cm?) 1.70 (P=0.03) 1.68 (P=0.02) 1.74 1.75 1.90
Volume after (cm®) 2.12 2.1 2.13 2.05 2.24

P =significance level compared with controls. NIR = non-infectious rhinitis.

AMCA, increased significantly in the asthma group (0.05 vs.
0.01 cm?, P=0.05).

When controlling the asthma group for NIR (Table 3), the
increase in CA 4 after decongestion was less in the non-NIR
asthma group compared with the NIR asthma group.

When controlling for asthma symptoms during the past two
years, there was a significant reduction in FEV,% predicted (81
vs. 87, P=0.02) and an increase in mean score (2 vs. 1.5,
P =0.05) compared with those who reported no asthma symp-
toms during that period (n = 84), but there were no significant
differences in the acoustic rhinometry data.

Discussion

In the present study, we found an increased, reversible swelling
of the nasal mucosa in persons with asthma compared with
healthy controls. A previous history of NIR tended to
strengthen this relationship.

In the design of this study, we made a clinical evaluation of
subjects who had participated in a population-based question-
naire study two years before. The main reason for choosing a
population-based sampling frame for the subjects is that this
increases the external validity of the results. Secondly, the
asthma group was well-defined with regard to their asthma
and the group comprised a substantial number of subjects
who could easily be addressed. Finally, the pre-existing ques-
tionnaire data would help us to characterize those subjects who
did not participate in the clinical examination.

One problem with this design, however, was the relatively
high percentage of ‘drop outs’, especially in the control group,
which naturally reduces the external validity. Some subjects had
moved from the geographical area, but most non-attendees
never answered the invitation despite three reminders and two
phone calls. We believe that there could have been a lack of
motivation in some subjects after having participated in the
original questionnaire study, especially as the present study
included a clinical visit to the hospital.

Self-reported NIR did not differ between attendees and non-
attendees with asthma. In fact, the single most important
difference between attendees and non-attendees was the pre-
dominance of smokers (present and past) among the attendees.
This selection was most obvious in the non-NIR controls, which
was supported by a decrease in lung function. We have previ-
ously found that smoking is a risk factor for NIR (incidence rate
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VAS = visual analogue scale.

1.6, 95% confidence interval (CI) 1.4-2.0) (Hellgren, submit-
ted). Due to the relative predominance of smokers among the
non-NIR controls, any difference in mucosal swelling seen
between the asthmatic subjects and the non-NIR controls
could thus be expected to be decreased rather than increased.

Another possible bias in the selection of subjects was the
predominance of women in the asthma group compared with
the non-NIR controls. A multiple regression adjusted for sex,
age and smoking habits however, did not change the results.
(Table 4).

Because of the recurrent nature of airway inflammation and
the fact that both allergic and non-allergic rhinitis may be
present in asthma we have used a wide definition of rhinitis
termed NIR. The disadvantage with this definition is that
nasal symptoms due to normal nasal physiology may be classi-
fied as NIR. The retrospective character of the question
may also contribute to a loss of information due to recall bias.
The prevalence of NIR in the asthma group was however,
similar to previous prevalence reports of allergic rhinitis in
asthma.

The high prevalence of NIR in the asthma group was sup-
ported in the present study by a significant increase in pre-
decongested total mean symptom score (P=0.0001), where
nasal blockage was the most common symptom (Table 3). The
symptom scores were generally low in all three groups, reflect-
ing the fact that subjects were classified according to a history of
rhinitis and not current symptoms.

Anterior rhinoscopy was performed mainly to be able to
exclude anatomical obstructions such as severe septal devi-
ations, major polyps or tumours. Since we were looking at

Table 4. Variables included in a multiple linear regression model with
volume between 3.3 and 4cm from the nostril (cms) as the dependent
variable

Variable Coefficient SE P-value
Intercept 1.94 0.21 -

Age (year) 0.0019 0.0035 0.58
Never-smokers’ —0.16 0.12 0.18
Ex-smokers?® —0.03 0.12 0.80
Sex® —0.14 0.086 0.12
Asthma vs. controls* —0.21 0.09 0.029

1Never-smokers:1, others =0; 2Ex-smokers:1, others =0;
%0 =females, 1=males; 1 =asthma group, 0 =controls.
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cumulative episodes of rhinitis, and symptom scores were low,
many subjects could be expected to have little or no visible
reaction in the nasal mucosa. Reddening of the nasal mucosa
was in fact more common in the non-NIR controls than in
subjects with asthma indicating that the colour of the nasal
mucosa is of little use in the study of non-acute rhinitis in
asthma.

In the assessment of nasal airflow with PNIF, the subjects
with asthma scored lower prior to decongestion than the non-
NIR controls but the difference was not significant.

The NIR controls maintained a lower PNIF after deconges-
tion, which could indicate more structural nasal problems in
this group.

Our acoustic rhinometry measurements on the other hand
showed a significant decrease in cross-sectional area and
volume in the asthma group compared with non-NIR controls.
In accordance with Grymer et al. we analysed the cross-
sectional area at 4cm from the nostril [17]. In addition, we
analysed the volume between the anterior part of the inferior
turbinate at 3.3cm and CA 4, which was also significantly
lower in the asthma group [17]. One possible source of bias
could be the presence of nasal polyps. Anterior rhinoscopy,
revealed more nasal polyps in the asthma group as expected.
The 2.5 times larger decongestant effect at CA 4, seen in the
asthma group, however, supports the presence of an increased
mucosal swelling as nasal decongestants have been found to
have no effect on nasal polyps when monitored with CT scan-
ning [18].

In order to evaluate the importance of previous NIR for the
nasal mucosal swelling, the asthma group was stratified for NIR
as well. The results showed that the pre-decongested CA 4 and
volume remained virtually unchanged in the NIR asthma
group, while the difference decreased in the non-NIR asthma
group compared with non-NIR controls.

Our findings are supported by a recently published report
from Gaga et al. where an increased number of eosinophils
was found in nasal biopsies from subjects with asthma com-
pared to healthy controls, regardless of if they had nasal symp-
toms or not [19]. The reason that not all the subjects in the
asthma group report NIR could be several. The non-NIR
asthma group had a significantly lower FEV, (% predicted)
than the NIR asthma group (77 vs. 85 P=0.002), indicating
more severe asthma in this group. It has previously been dem-
onstrated that the quality of life correlates with FEV, and it is
thus possible that nasal problems are perceived differently in
this group compared to the group with milder asthma [20]. It
has also been demonstrated that the perception of nasal ob-
struction is not always related to changes in airway resistance,
and that sensory function and differences in respiratory demand
may be of importance [21,22].

Hayfever is known to be common in asthma, but since
this study was performed outside the pollen season, hayfever
is not likely to be the cause. Hayfever patients without asthma
do not report increased nasal symptoms outside the pollen
season, nor do they exhibit increased nasal mucosal swelling
when monitored with acoustic rhinometry [14]. Perennial aller-
gic rhinitis could be a possible mechanism, considering that
almost 60% of the asthma patients were skin prick-positive to
perennial allergens. Non-allergic rhinitis may however, also be
of importance since only 40% of the asthma subjects reported

atopy.

Acoustic rhinometry is a comparatively new, objective and
highly reproducible method to assess intranasal geometry. We
believe that the present result opens new possibilities to monitor
nasal mucosal swelling in asthma, addressing treatment and
prevention.

In conclusion, we have been able to demonstrate an increased
nasal mucosal swelling in a population sample of persons with
asthma compared to healthy controls. These data support pre-
vious reports of a generalized airway inflammation in patients
with asthma and suggest that acoustic rhinometry can be used
to monitor the nasal mucosal swelling in these patients.
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