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Pale nasal mucosa affects airflow limitations in upper
and lower airways in asthmatic children
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Background: Severe asthmatics are thought to have severer rhinitis than mild asthmatics. A pale nasal mucosa is a typical clinical
finding in subjects with severe allergic rhinitis.

Objective: The aim of this study was to investigate whether a pale nasal mucosa affects airflow limitations in the upper and lower
airways in asthmatic children.

Methods: Rhinomanometry, nasal scraping, and spirometry were performed in 54 asthmatic children (median age, 10 years).
The nasal mucosa was evaluated by an otolaryngologist. Thirty-seven patients were treated with inhaled corticosteroids, and 11
patients were treated with intranasal corticosteroids.

Results: Subjects with a pale nasal mucosa (n = 23) exhibited a lower nasal airflow (p < 0.05) and a larger number of nasal
eosinophils (p < 0.05) in the upper airway as well as lower pulmonary functional parameters (p < 0.05 for all comparisons), i.e., the
forced vital capacity (FVC), the forced expiratory volume in 1 second, and the peak expiratory flow, compared with the subjects
who exhibited a normal or pinkish mucosa (n = 31). No significant difference in the forced expiratory flow between 25%-75% of the
FVC, regarded as indicating the peripheral airway, was observed between the 2 groups.

Conclusion: A pale nasal mucosa may be a predictor of eosinophil infiltration of the nasal mucosa and central airway limitations
in asthmatic children. When allergists observe a pale nasal mucosa in asthmatic children, they should consider the possibility of
airflow limitations in not only the upper airway, but also the lower airway.
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Pale nasal mucosa affects upper and lower airways

INTRODUCTION

Many studies have shown that rhinitis and asthma are
commonly associated [1]. About 80% of patients with asthma
also have allergic rhinitis [2], suggesting the concept of ‘one
airway, one disease’. The presence of allergic rhinitis commonly
exacerbates asthma, increasing the risk of an asthma exacerbation
and the frequency of emergency visits and hospitalizations
for asthma. The basic principle is that these 2 conditions are
manifestations of one syndrome in 2 areas of the respiratory tract:
the more severe the rhinitis, the more severe the asthma [3].

The nasal and bronchial mucosae exhibit similarities. In asthma
and rhinitis, inflammation of the nasal and bronchial mucosae
is sustained by a similar inflammatory infiltrate that includes
eosinophils, mast cells, T lymphocytes, cells of monocytic lineage
[4], similar pro-inflammatory mediators (histamine, cysteiny!
leukotrienes), Th, cytokines, and chemokines [5]. Even in children
with rhinitis, examination of the nasal mucosa is possible using
an anterior rhinoscopy [6]. Typical allergic mucosa appears pale
and swollen, while the mucosa is reddened in acute infections
and after the overuse of topical medications, although these
distinctions are not absolute [7]. If no allergen exposure has
occurred, the nasal mucosa may be totally normal. However,
chronic edema and a pale mucosa may occur in patients with
perennial allergic rhinitis who have suffered from rhinitis for
several years [8].

The main purpose of the present study was to investigate
whether a pale nasal mucosa is correlated with airflow limitations
in the upper and lower airways in asthmatic children.

MATERIALS AND METHODS

Subjects

Fifty-four children (32 boys, 22 girls; median age, 10.0 years)
diagnosed as having asthma were recruited from the outpatient
clinic of the Department of Pediatrics of the Fukuoka National
Hospital. Bronchial asthma was diagnosed by pediatricians
as episodes of dyspnea and wheezing according to the
recommendations of the Global Initiative for Asthma guidelines
[9]. All the subjects were clinically stable and their asthmatic
conditions were considered to be well controlled. Children with
a history of viral infections or asthma exacerbations during
the month preceding the start of the trial were excluded.
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Measurements were made during midsummer and midwinter;
both of these time periods are no-pollen seasons in Japan. Thirty-
seven patients were receiving treatment that included inhaled
corticosteroids (ICS). Forty-seven patients were diagnosed as
having allergic rhinitis by an otolaryngologist. Eleven patients
were being treated with intranasal corticosteroids. The atopic
status was determined by measuring the serum IgE levels and the
level of IgE specific for house-dust mites. The blood eosinophil
percentage was measured; none of the patients were receiving
systemic corticosteroids at the time of the study enroliment.
Parental consent was obtained for each child. The study was
approved by the Fukuoka National Hospital Ethics Board.

Nasal findings

The following nasal findings were described by an otolaryngologist,
who was authorized as a specialist by the Oto-Rhino-Laryngological
Society of Japan. The nasal observations were made by a single
otolaryngologist who was unaware of the clinical findings. The
otolaryngologist used a headlight (Clinica Headlight, Nagashima
Medical Instruments Co., Tokyo, Japan) with a light source (SL-
7, Nagashima Medical Instruments Co.) to observe the nasal
findings, which included the color and presence of swelling of
the inferior turbinates and the quantity of the nasal secretion.
Each finding was evaluated using the following 4-point systems
[10]: color of the inferior turbinates (0, normal; 1, pinkish; 2, red;
3, pale), swelling of the inferior turbinates (0, normal; 1, visible
center of the middle turbinates; 2, partial visibility of the middle
turbinates; 3, middle turbinates not visible), and quantity of nasal
secretion (0, no secretion; 1, attachment of secretion; 2, semi-
opaque secretion; 3, opaque secretion).

Nasal scrapings

Nasal specimens were obtained by scraping the inferior
turbinate with a cotton swab. The contents of the sample
were spread over a glass slide, air-dried, fixed, and stained with
a Giemsa stain (Muto Pure Chemicals, Co., Tokyo, Japan). The
number of eosinophils on each slide was then counted using an
optic microscope (Olympus BH-2; Olympus, Tokyo, Japan) for a
mean of 10 optical fields at X100 magnification; the results were
then evaluated using the following 4-point system [10, 11]: 0. no
eosinophils in any of the fields; 1, a few scattered eosinophils
in some fields; 2, a moderate number of eosinophils and small
clumps of eosinophils in some fields (i.e, between grades 1 and
3); and 3, large clumps of eosinophils in some fields. The slides
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were examined by a single investigator who was unaware of the
clinical indings.

Rhinomanometry
Nasal airflow was measured using active anterior rhinomanometry.
To overcome the presence of mucus in the nose, patients were
asked to blow their nose gently before each measurement
of nasal resistance. Patients were asked to wear a tight-fitting
facemask and, with their mouths closed, to breathe through one
nostril. A sensor placed in the contralateral nostril recorded data
on the prenasal and postnasal pressures via airflow and pressure
transducers. The instrument (Chestgraph rhinomanometry Hl-
01, Chest Ltd, Tokyo, Japan) measured the transnasal airflow and
pressure values used in a subsequent statistical analysis. Nasal
airflow was reported as the sum of the recorded airflow through
the right and left nostrils in milliliters per second at a pressure
difference of 1.5 cmH,0 across the nasal passage. Four or more
airflow measurements were performed for each patient, and the
mean was recorded when reproducible values were achieved.

Pulmonary function measurements

Short-acting beta,-agonists were withheld for 8 hours prior
to the test. Spirometric measurements were performed using
a hot-wired spirometer (Chestgraph HI-801, Chest Ltd.). Forced
expiratory maneuvers were repeated until two acceptable values
of the forced expiratory volume in 1 second (FEV,) were obtained,
the larger value was used for the analysis in accordance with the
guidelines of the American Thoracic Society [12]. We recorded the
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values for FEV,, the forced vital capacity (FVC), the peak expiratory
flow (PEF), and the forced expiratory flow between 25%-75% of
the FVC (FEF,s0,_755) as percentages of the predicted values for
the Japanese population, as reported by Nishima et al. [13].

Statistical analysis

Patient age, height, nasal airflow, and pulmonary function were
expressed as the median (interquartile range). The demographic
characteristics, pulmonary function test parameters, nasal airflow,
age, and height were compared using nonparametric tests
(Mann-Whitney test or Kruskal-Wallis test). The use of inhaled
and intranasal steroids and the grade of rhinitis were compared
between groups using chi-square tests. The relationship between
nasal airflow and pulmonary function was analyzed using the
Spearman correlation test. A p-value of <0.05 was considered
significant.

RESULTS

All 54 asthmatic children were tested. The subject characteristics
and use of ICS and intranasal corticosteroids are shown in Table
1. Twenty-three asthmatic children had a pale nasal mucosa,
whereas 10 subjects had a normal mucosa and 21 had a pinkish
nasal mucosa. None of the patients had a red nasal mucosa. No
significant differences in age, height, sex, use of ICS, intranasal
corticosteroids, peripheral blood eosinophil count, serum IgE,
or nonatopic cases were observed between the group with a

Table 1. Subject characteristics and differences according to color of nasal mucosa

Parameter Total (n =54) Normal, pinkish mucosa (n=31) Pale mucosa (n=23) p-value
Age (yn) 10.0 8.4-11.3) 99 (8.0-114) 10.0 (8.8-11.0) NS
Height (cm) 133 (126-144) 33(123-144) 132 (129-143) NS
Male sex 32(59) 18 (58) 14 (61) NS
Inhaled steroids 37 (69) 21 (68) 16 (70) NS
Intranasal steroids 11 (20) 6(19) 5(22) NS
Leukotriene receptor antagonists 31(57) 20 (65) 11 (48) NS
Peripheral blood eosinophil count (/uL) 378 (180—-620) 377 (115-538) 409 (207-654) NS
Serum IgE (kU/L) 610 (360-1,490) 574 (350-1,420) 674 (450-1,810) NS
Nonatopic cases* 3(6) 2(6) 14 NS

Values are presented as presented as the median (interquartile range) or number (%).

NS, nonsignigicant.

*Nonatopic cases: low IgE (<100 kU/L ) and a low specific IgE (<0.7 kU/L) against house dust mites.
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normal, pinkish nasal mucosa and the group with a pale nasal
mucosa.

Differences in the upper and lower airways between the
normal, pinkish nasal mucosa group and the pale nasal mucosa
group are shown in Table 2. In the upper airway, the pale nasal
mucosa group had a severer grade of swelling of the inferior
turbinates (p < 0.001), quantity and quality of nasal secretion
(p < 0.001, p < 0.05), and nasal eosinophils (p < 0.01) than the
normal, pinkish nasal mucosa group. In addition, the pale nasal
mucosa group had a lower nasal airflow than the normal, pinkish
nasal mucosa group (p < 0.05). In the lower airway, the pale
nasal mucosa group had a lower FVC (p < 0.05), FEV, (p < 0.05),
and PEF (p < 0.05; all the values were the percentages of the
predicted values for the Japanese population) than the normal,
pinkish nasal mucosa group. No significant difference in the
FEF, 50,750, (PETCENtAges of the predicted values for the Japanese
population) was observed between the pale nasal mucosa group
and the normal, pinkish nasal mucosa group.

DISCUSSION

This is the first study to report that a pale nasal mucosa is
related to severe allergic rhinitis, nasal eosinophilic inflammation,
and airflow limitations in the upper and lower airways of
asthmatic children. Some reports have indicated that a nasal
allergen challenge can induce bronchial inflammation [14, 15]. A
pale nasal mucosa that exhibits inflammatory mucosal edema

and vascular congestion with eosinophilic inflammation might
suggest that airflow limitations of not only the upper airway, but
also the lower airway should be considered in asthmatic children.

The pathogenesis of nasal obstruction is comprised of three
components: inflammatory mucosal edema, vascular congestion,
and mucus hypersecretion [16]. On the other hand, bronchial
obstruction is sustained by smooth muscle spasms, inflammatory
edema, and mucus hyperproduction [17]. Smooth muscle spasms
are specific to the bronchus and do not occur in the nose.
Ciprandi et al. [18, 19] mentioned that the number of eosinophils
infiltrating the nasal mucosa was correlated with nasal airflow and
the FEV, and that nasal airflow was significantly correlated with
FEV, in steroid-naive adults with perennial allergic rhinitis and
asthma. A study comparing patients before and after treatment
with nasal corticosteroids has indicated that nasal corticosteroids
might reduce the number of admissions to Emergency
Departments for asthma exacerbation and might improve
respiratory symptoms and spirometry results [20]. Intranasal
corticosteroids reportedly improved narrowing of the peripheral
airway in children suffering from allergic rhinitis with abnormal
lung function [21]. These findings constitute objective proof
concerning the close link between nasal and bronchial functions
in treated asthmatic children. In this study, asthmatic children
with a pale nasal mucosa exhibited not only nasal eosinophilic
inflammation and nasal airflow limitations, but also limitations of
the lower airway. In other words, a pale nasal mucosa appears to
be associated with nasal obstruction and inflammation through
some pathophysiologic mechanisms, including oral respiration,

Table 2. Differences in upper and lower airways according to color of nasal mucosa

Parameter Total (n=54) Normal, pinkish mucosa (n=31) Pale mucosa (n = 23) p-value
Upper airway
Swelling of inferior turbinates, grade 0/1/2/3 10/28/15/1 10/20/1/0 0/8/14/1 <0.001
Quantity of nasal secretion, grade 0/1/2/3 3/26/24/1 3/23/4/1 0/3/20/0 <0.001
Nasal eosinophils, grade 0/1/2/3 25/3/13/13 18/0/10/3 7/3/3/10 <0.01
Nasal airflow (mL/sec) 147 (97-245) 203 (124-278) 132 (93-151) <0.05
Pulmonary function
FVC, % predicted 98 (88-107) 102 (89-111) 95 (83-101) <0.05
FEV,, % predicted 98 (88-110) 99 (93-113) 94 (83-105) <0.05
PEF, % predicted 23 (105-139) 128 (111-142) 6 (94-132) <0.05
FEF. 507504, % predicted 94 (75-119) 100 (80-118) 80 (64-119) NS

Values are presented as presented as the median (interquartile range).

FVC, forced vital capacity; FEV,, forced expiratory volume in one second; PEF, peak expiratory flow; FEF,sq, sy, forced expiratory flow between 25%-75% of

forced vital capacity; NS, nonsignigicant.

apallergy.org https://doi.org/10.5415/apallergy.2016.6.4.220

223



Asia Pacific

the systemic absorption of mediators and cytokines, postnasal
drip, and nervous reflex, thereby significantly affecting the central
bronchial airflow in well-controlled asthmatic children.

Recently published guidelines for the diagnosis and
management of rhinitis have presented assessments of
nasal or non-nasal symptom severity and quality of life [22].
Nasal examinations were not mentioned. On the other hand,
eosinophilic inflammation of the nose exists in asthmatics without
nasal symptoms [23]. In a questionnaire for patients aged 1-4
years and 7 years, positive responses regarding the presence of
nasal symptoms had a low specificity (62%) and a low agreement
with a diagnosis of allergic rhinitis diagnosis (63%) [24]. In another
report regarding the onset of allergic rhinitis in the young,
79% of the rhinitis cases were asymptomatic [25]. To assess the
severity of allergic rhinitis, it might be useful to evaluate the
grade of nasal examination [10], particularly in children. Joko et
al. [26] reported that the nasal mucosa in patients with perennial
allergic rhinitis showed a reduced red component of color when
examined using a chromametric assessment: this means that
the color of the nasal mucosa in patients with perennial allergic
rhinitis is relatively pale. They reported that a change in the nasal
mucosal color was related to an improvement in their subjective
symptoms [27]. The color of the mucosa changed from pale to
red when azelastin was administered in perennial allergic rhinitis
patients [26]. In this study, a single otolaryngologist determined
the nasal color in a blinded manner. The objective examination
of nasal mucosa color has been established by the Oto-Rhino-
Laryngological Society of Japan [10]. Further studies examining
the manner of nasal examinations in asthmatic children by
allergists may be needed.

In conclusion, this study provided consistent observations
supporting the effect of allergic rhinitis, characterized by a pale
nasal mucosa, on the upper and lower airways in asthmatic
children treated with inhaled and/or intranasal corticosteroids. For
allergists trained in performing nasal examinations, an examination
of the nasal mucosa color in asthmatic children might indicate
whether a narrowing of the lower airway should be suspected.
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