CHEST

Upper and Lower Airway Patency Are
Associated in Young Children
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Background: Although allergic rhinitis and asthma frequently coexist, the nature of this associa-
tion is poorly understood. Therefore, we examined whether upper and lower airway patency are
associated.

Methods: We investigated 221 6-year-old children from the Copenhagen Prospective Study on
Asthma in Childhood birth cohort, assessing upper airway patency by acoustic rhinometry before
and after a-agonist, and lower airway patency by spirometry before and after B2-agonist.
Furthermore, we measured blood eosinophil count, nasal eosinophilia, total IgE, and fraction of
exhaled nitric oxide. Associations were investigated by generalized linear models.

Results: Decongested nasal airway patency and post-B2 FEV, were significantly associated
(P=.007). The association remained significant after adjustments for sex, body size, FVC, and
atopic diseases (B-coefficient 2.85 cm3; 95% CI, 0.42 to 5.29; P =.02). Baseline values of upper
and lower airway patency were also significantly associated (B-coefficient 0.89 cm?; 95% CI,
0.26-1.51; P=.01). In addition, blood eosinophil count and nasal eosinophilia were inversely
associated with decongested nasal airway patency, B-coefficient —0.42 cm? (95% CI, —-0.77 to —0.07;
P =.02) and B-coefficient —-0.47 cm? (95% CI, -0.89 to -0.05; P = .03), respectively.

Conclusions: We found a strong and consistent association between upper and lower airway patency.
This may be due to a common pathology, as suggested by the inverse association between decon-
gested nasal airway patency, blood eosinophil count, and nasal eosinophilia. Alternatively, the
association between upper and lower airway patency might reflect a physiologic background for

the common comorbidity.

Abbreviations: COPSAC = Copenhagen Prospective Study on Asthma in Childhood; FENO = fraction of exhaled nitric oxide
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The upper and lower airways present mucosal and
immunologic similarities as well as functional
complementarity.’® Cross-sectional surveys have
demonstrated that asthma and allergic rhinitis often
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coexist,"* and longitudinal data have established rhin-
itis as an important predictor of adult-onset asthma.?
Furthermore, subjects with COPD show increased nasal
symptoms, suggesting a link between the upper and
lower airways beyond asthma- and allergy-associated
inflammation.6

Clinical studies have shown that a significant pro-
portion of nonasthmatic allergic rhinitis subjects have
impaired FEV, and increased bronchial responsive-
ness.”™ Moreover, bronchial inflammation can result
from nasal allergen challenge in patients with allergic
rhinitis experiencing nasal symptoms alone," and
segmental bronchial provocation has been shown to
induce nasal inflammation.!

The aim of the current study was to compare
upper and lower airway patency. We investigated 221
6-year-old children from the Copenhagen Prospec-
tive Study on Asthma in Childhood (COPSAC) birth
cohort by acoustic rhinometry before and after topical
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a-adrenergic treatment, and by spirometry before
and after inhaled B2-agonist.

MATERIALS AND METHODS

Design

The study is reported in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology guidelines.?
It was nested in the COPSAC birth cohort, a single-center, pro-
spective, clinical birth cohort study of 411 children born to asth-
matic mothers, enrollment of which was described in detail
previously.’315 The children attended the COPSAC clinical research
unit every 6 months for scheduled clinical investigations accord-
ing to standard operating procedures, and additional visits were
arranged immediately upon onset of any respiratory symptom.315
The families used only the doctors employed at the clinical
research unit, rather than their family practitioners, for diagnosis
and treatment of any respiratory symptom.

Ethics

The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Copenhagen Ethics Com-
mittee (KF 01-289/96) and the Danish Data Protection Agency
(2008-41-1754).15 Before enrollment, informed consent was
obtained from both parents of each subject.

Objective Measurements

Upper Airway Patency: Upper airway patency was assessed by
acoustic rhinometry in the child’s sixth year of life according to
standardized international guidelines.!® Trained research assis-
tants at the COPSAC clinical research unit performed all mea-
surements using the SRE 2100 continuous wide-band acoustic
rhinometer with a small-sized adult anatomic nose adapter
(RhinoMetrics; Interacoustics A/S; Assens, Denmark). The child
was seated facing the examiner and stopped breathing for about
5 s with the probe tube applied to the nostril. Three independent
measurements with SD <5% were obtained from each nostril
before, and 15 min after, decongestion from topical a-agonist
(one puff of intranasal xylometazoline, 1 mg/mL).

Decongested nasal volume 1 to 4 cm into the nasal cavity was
selected as the primary end point as a measure of irreversible
upper airway obstruction based on previous sensitivity analyses.!?
Baseline nasal volume 1 to 4 cm into the nasal cavity was used as
the secondary end point.

Lower Airway Patency: Maximum FEV, was assessed by
spirometry from up to five technically acceptable maneuvers,
in accordance with international criteria for reproducibility,'s
using the MasterScope system 754916 spirometer (Erich Jieger;
Wiirtzburg, Germany). Spirometry was performed in the child’s
sixth year of life, at baseline and 15 min after use of an inhaled
B2-agonist (two puffs of terbutaline, 0.25 mg/dose, in a pressur-
ized metered dose inhaler with a spacer). All measurements were
obtained with a computer-animated, volume-driven incentive
well known to the children.

Post-B2 FEV, was chosen as the primary end point as a mea-
sure of irreversible lower airway obstruction. Baseline FEV, was
used as the secondary end point.

Atopic Biomarkers: Fraction of exhaled nitric oxide (FENO) was
assessed by an online technique'® using NIOX FLEX (Aerocrine;
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Solna, Sweden). Blood was sampled at age 6 years for measure-
ment of eosinophil count (10%L) and total IgE. The level of total
IgE was determined by ImmunoCAP (Pharmacia Diagnostics
AB; Uppsala, Sweden)® with a detection limit of 2kU/L. Nasal
eosinophilia was assessed by nasal scraping in the child’s sixth year
of life and was rated according to Meltzer semiquantitative scale,?!
as detailed previously.'” Nasal eosinophilia was judged by experi-
enced cytologists and defined as =1 eosinophil cell per high-
power field (light microscopy, oil immersion, X1,000).

Allergic Sensitization: Specific IgE was determined at age 6 years
against eight common inhalant allergens (cat, dog, horse, birch,
timothy grass, mugwort, house dust mites, and molds) by Immu-
noCAP (Pharmacia Diagnostics AB; Uppsala, Sweden). Values
=0.35 kU/L were defined as sensitization2’ and were analyzed
as a dichotomized measurement.

Anthropometry: Height, weight, and head circumference were
measured the same day as acoustic rthinometry and spirometry.
BMI was calculated as weight (kg)/height (m)2.

Clinical Diagnoses

Rhinitis: Rhinitis was diagnosed by the COPSAC doctors at
the scheduled 6-year-visit to the clinical research unit, based on
parent interviews on rhinitis symptoms in that year. Rhinitis was
defined as troublesome sneezing or blocked or runny nose affect-
ing the well-being of the child in the past 12 months in periods
without accompanying cold or flu.22 Allergic rhinitis was defined
as rhinitis with allergic sensitization against inhaled allergens and
symptom periods congruent with exposure; nonallergic rhinitis
was defined as rhinitis with no sensitization or sensitization to
allergens without relevant association between symptoms and
exposure.

Current Asthma: Current asthma during the sixth year of life
was diagnosed according to the Global Initiative for Asthma
guidelines as previously detailed,'* based on respiratory symp-
tom diaries filled in on a daily basis by the parents; symptoms
judged by the doctors at the clinical research unit to be typical
of asthma (eg, exercise-induced symptoms, prolonged nocturnal
cough, recurrent cough outside common cold, symptoms causing
wakening at night); need of intermittent rescue use of inhaled
B,-agonist; response to a 3-month course of inhaled corticos-
teroids and relapse when treatment stopped.

Statistical Analysis

Associations between upper and lower airway patency were
studied using generalized linear models with decongested nasal
volume 1 to 4 cm into the nasal cavity as the continuous outcome
variable and post-B2 FEV, as the continuous explanatory vari-
able. We adjusted the models for sex, allergic sensitization, rhin-
itis, asthma, nasal and inhaled steroid usage, height, weight,
head circumference, BMI, and FVC by adding the variables as
covariates to the models. Interactions with sex, allergic sensitiza-
tion, rhinitis, and asthma and the studied associations between
upper and lower airway patency were tested by adding cross-
products to the models. Associations between upper airway pat-
ency and atopic biomarkers, and between lower airway patency
and atopic biomarkers, were investigated using generalized
linear models corrected for sex, nasal steroid usage, and inhaled
steroid usage.

Results are reported as B-coefficients with 95% CI; a P value
=0.05 is considered significant. All analyses were performed
using SAS version 9.1 for Windows (SAS Institute; Cary, NC).
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RESULTS

Baseline

We investigated 276 of the cohort of 411 infants
by acoustic rhinometry and spirometry in their sixth
year of life; 253 completed baseline FEV, the same
day as nasal airway patency and 221 had concomitant
post-B2 FEV, and decongested nasal airway patency.
The study group flowchart is illustrated in the online
supplement (Figure E1).

The study group was characterized by significantly
more wheeze in the first 18 months of life compared
with the drop-out group, whereas the number of sub-
jects with allergic sensitization against inhaled aller-
gens was distributed equally. The study group had
higher income and more fathers with asthma, whereas
there were no significant differences regarding sex,
older siblings, and family history of allergic rhinitis
and allergic sensitization against inhaled allergens
(data not shown).

Allergic sensitization against inhaled allergens was
found in 59 children (27%). Rhinitis was diagnosed in
74 children (33%); allergic rhinitis could be catego-
rized in 21 (10%) and nonallergic rhinitis in 53 (24%).
Thirty-three children (15%) were diagnosed with
asthma at age 6 years. Study group characteristics
and objective assessments are given in Table 1.

Upper and Lower Airway Patency

Decongested nasal airway patency was significantly
associated with post-B2 FEV, (P=.007) (Fig 1).
After adjusting the model for sex, height, weight,
head circumference, BMI, FVC, allergic sensitization,
rhinitis, asthma, nasal and inhaled steroid usage, the
estimated change in decongested nasal airway pat-
ency per 1 L increase in post-B2 FEV, (B-coefficient)
was 2.85 cm?3 (95% CI, 0.42-5.29; r2=0.16; P = .02).
There was no evidence of interaction between sex
(P=.64), allergic sensitization (P =.37), rhinitis
(P=.50), or asthma (P = .83) and upper and lower
airway patency.

Figure 2 and Figure E2 online show the three-
dimensional relationships between decongested nasal
airway patency, post-B2 FEV1, height, and FVC. The
figures illustrate that the association between upper
and lower airway patency is independent of height
and FVC.

Baseline nasal airway patency was also significantly
associated with baseline FEV, (P <.001) (Figure E3
online). After adjusting for sex, height, weight, head
circumference, BMI, FVC, allergic sensitization,
rhinitis, asthma, nasal steroid usage and inhaled
steroid usage, the association remained significant
(B-coefficient 0.89 cm3; 95% CI, 0.26-1.51; r2=0.18;
P=.01). There was no association between reversibility
of the upper and lower airways (Table E1 online).
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Table 1—Study Group Characteristics

Covariate Study Group (N =221)

Male, No. (%) 1()3 (47)
Age, y, mean (SD) 3(0.3)
Height, cm, mean (SD) 113 9 (4.9)
Weight, kg, mean (SD) 20.3 (2.9)
Head circumference, cm, mean (SD) 51.9(1.4)
BMI, kg/m?, mean (SD) 15 7(1.3)
Allergic sensitization,* No. (%) 59 (27)
Allergic rhinitis, No. (%) 21 (10)
Nonallergic rhinitis, No. (%) 53 (24)
Asthma,> No. (%) 33 (15)
Baseline nasal airway patency, cm?, 2.86 (0.66)
mean (SD)
Decongested nasal airway 4.70 (0.80)
patency, cm?, mean (SD)
Nasal reversibility to a-agonist,c %, +68.7 (30.4)
mean (SD)
FEV,, L, mean (SD) 1.16 (0.19)
Post-B2 FEV,, L, mean (SD) 1.17 (0.16)
Bronchial reversibility to +2.7(11.8)

B2-agonist,! %, mean (SD)
FENO.* ppb, GM (95% CI) 3(2.7-19.7)
Blood eosinophil count, 10%L, GM (95% CI) 0. 33 (0.08-1.30)
Total IgE, kU/L, GM (95% CI) 44 8 (3.2-629.2)
Nasal eosinophilia,’ No. (%) 16 (8)

FENO = fraction of exhaled nitric oxide; GM = geometric mean;
ppb = parts per billion.

sAllergic sensitization is any sensitization (specific IgE =0.35 kU/L)
toward birch, timothy grass, mugwort, house dust mites, molds, cat,
dog, and horse.

bAsthma status missing for 2 subjects.

<Nasal reversibility = ([decongested nasal airway patency — baseline
nasal airway patency]/baseline nasal airway patency) X 100.
dBronchial reversibility = ([post-B2 FEV, — FEV,|/FEV,) X 100.
*FENO measurement missing for 77 subjects.

Nasal scrape missing for 17 subjects.

Upper and Lower Airway Patency
and Atopic Biomarkers

Blood eosinophil count was inversely associated
with decongested nasal airway patency (Fig 3),
whereas there was no such association with post-B2
FEV, (Table E2 online). After adjusting the model
for sex, nasal steroid usage, and inhaled steroid usage,
the estimated decrease in decongested nasal airway
patency (ie, increased nasal airway obstruction) per
1 X 10%L increase in eosinophil count was 0.42 c¢m?
(B-coefficient —0.42 cm3; 95% CI, — 0.77 to — 0.07;

=0.17; P=.02).

In addition, nasal eosinophilia was inversely associ-
ated with decongested nasal airway patency, but not
with post-B2 FEV, (Table E2 online). The adjusted
analysis showed that subjects with nasal eosinophilia
had a 0.47 cm? decrease in decongested nasal airway
patency compared with subjects without nasal
eosinophilia (B-coefficient —0.47 cm?; 95% CI, —0.89
to =0.05; r2=0.14; P =.03). Neither FENO nor total
IgE was associated with upper airway or lower airway
patency (Table E2 online).
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FIGURE 1. Association between decongested nasal airway patency
and post-B2 FEV,.

D1scuUssION
Principal Findings

We have shown a significant association between
upper and lower airway patency in 6-year-old chil-
dren from the COPSAC birth cohort. The association
was consistent for both baseline values of nasal airway
patency and FEV, and for decongested nasal airway
patency and post-B2 FEV,. The association remained
significant after adjustments for body size and FVC,
and was independent of sex and atopic diseases.

Decongested nasal airway patency/em?
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FIGURE 2. Three-dimensional relationship between decongested
nasal airway patency, post-B2 FEV, and height.
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Decongested nasal airway patency was inversely
associated with blood eosinophil count and nasal
eosinophilia, suggesting its association with upper
airway inflammation. These findings also suggest an
association between pathophysiology of upper and
lower airways.

Strengths and Limitations of the Study

The major strength of this study is the diagnostic
specificity in the COPSAC cohort due to compre-
hensive prospective investigations based on standard
operating procedures and investigator diagnosed
clinical end points following predefined algorithms, 314
assuring that the observed association between
upper and lower airway patency is not due to misclas-
sification. Furthermore, the study is strengthened
by the highly standardized objective assessments.
Acoustic rhinometry is a noninvasive method for
objective measurements of upper airway patency,' it
has been validated against CT,? and the technique is
well tolerated by children.2#% The children of the
COPSAC birth cohort are investigated repeatedly
from birth' and are thus highly trained and cooper-
ate with assessments by acoustic rhinometry and
spirometry, and all objective measurements are made
by trained research assistants at the COPSAC clinical
research unit.

The external validity of the study is limited by the
setting of a high-risk cohort (all mothers have a his-
tory of asthma) because upper and lower airway pat-
ency results might differ from the background
population. However, an unselected study of 1,735
6-year-old children?” reported FEV, values in accor-
dance with our results, and a cross-sectional survey of
137 healthy 5-year-old children? presented baseline
nasal volumes similar to our findings. Furthermore,
our analyses are based on comparisons between
upper and lower airway patency within individuals,
which is unlikely to be affected by increased risk of
atopic disease.

Interpretation

The observed association between upper and lower
airway patency could be a reflection of body dimen-
sions (ie, tall children have larger airways*” and cor-
respondingly larger nasal volumes).® However, this
would be an unlikely explanation for the observed
association because we studied children in the narrow
age range of 5 to 6 years. Furthermore, we adjusted
the observed association for FVC and for measure-
ments of body size, including height, weight, head
circumference, and BMI. The association between
upper and lower airway patency persisted after such
adjustments, assuring that the finding is not a simple
reflection of body size.
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FIGURE 3. Inverse association between decongested nasal airway
patency and blood eosinophil count.

The association between upper and lower airway
patency was independent of allergic sensitization,
rhinitis, and asthma and therefore was a consistent
finding in both healthy and atopic children. This may
reflect a continuous nasobronchial airway inflamma-
tion process from healthy to diseased airways, which
was supported by the independent associations
between blood eosinophil count, nasal eosinophilia,
and upper airway patency. In agreement with this,
the thickness of the nasal reticular basement mem-
brane correlates with that of the bronchial tissue in
both healthy controls and subjects with coexisting
allergic rhinitis and asthma.?® Both respiratory and
systemic pathways have been proposed as accounting
for the interaction between upper and lower airways.
Loss of the protective functions of the nose may
account for the nasobronchial cross-talk. Alterna-
tively, the absorption of inflammatory mediators (eg,
interleukin-5 and eotaxin) from sites of inflammation
into the systemic circulation has been shown to induce
the release of eosinophils from bone marrow and
prolonged blood eosinophilia, and thereby possible
systemic propagation of inflammation from nose to
lung and vice versa.® Our finding of a significant
association between decongested nasal airway patency
(irreversible nasal airway obstruction) and blood
eosinophil count is supportive of this hypothesis and
suggests that nasal inflammation is not a local phe-
nomenon, but that the entire respiratory tract is
involved, even in the absence of clinical asthma.

Nevertheless, blood eosinophil count and nasal
eosinophilia were not associated with lower airway
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patency and neither FENO nor total IgE were signifi-
cantly related to upper or lower airway patency. This
seems to contradict the theory that the association
between upper and lower airway patency reflects a
common pathology. Alternatively, our data may be
interpreted as supportive of an association between
upper and lower airway patency as the physiologic
background for the common comorbidity. A possible
explanation could be that diminished airway patency
contributed to an increased disease propensity.

CONCLUSIONS

This study shows an association between upper
and lower airway patency in children at age 6 years
and an association between blood eosinophils, nasal
eosinophilia, and nasal airway patency. This finding
may support the notion of a common pathophysiol-
ogy in asthma and allergic rhinitis.

ACKNOWLEDGMENTS

Author contributions: Dr Chawes: contributed to data acquisition,
analysis, and interpretation and writing of the manuscript.

Mr Kreiner-Mpller: contributed to data acquisition, analysis, and
interpretation and writing of the manuscript.

Dr Bisgaard: contributed to the conception, design, and conduct
of the study; data acquisition, analysis, and interpretation; and
writing of the manuscript.

Financial/nonfinancial disclosure: The authors have reported
to CHEST the following conflicts of interest: Dr Bisgaard has
been a consultant to, and a paid lecturer for, and holds sponsored
grants from AstraZeneca, Altana, GlaxoSmithKline, Merck,
MedImmune, NeoLab, and Pfizer. Dr Chawes and Mr Kreiner-
Mgller have reported no potential conflicts of interest with any
company/organization whose products or services may be discussed
in this article.

Other contributions: We gratefully acknowledge all the children
and families participating in the COPSAC cohort study. We thank
research assistants Lena Vind, Kirsten Hinsby Mathiesen, and
Lotte Klansg.

REFERENCES

1. Bousquet |, Van Cauwenberge P, Khaltaev N; Aria Workshop
Group; World Health Organization. Allergic rhinitis and
its impact on asthma. | Allergy Clin Immunol. 2001;108(5)
(Suppl):S147-8334.

2. Jeffery PK, Haahtela T. Allergic rhinitis and asthma: inflamma-
tion in a one-airway condition. BMC Pulm Med. 2006;6(Suppl
1):S5.

3. Togias A. Rhinitis and asthma: evidence for respiratory system
integration. | Allergy Clin Immunol. 2003;111(6):1171-1183.

4. Bugiani M, Carosso A, Migliore E, et al; ISAYA (ECRHS
Italy) Study Group. Allergic rhinitis and asthma comorbid-
ity in a survey of young adults in Italy. Allergy. 2005;60(2):
165-170.

5. Shaaban R, Zureik M, Soussan D, et al. Rhinitis and onset
of asthma: a longitudinal population-based study. Lancet.
2008;372(9643):1049-1057.

6. Hens G, Vanaudenaerde BM, Bullens DM, et al. Sinonasal
pathology in nonallergic asthma and COPD: ‘united airway

Original Research



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

disease’ beyond the scope of allergy. Allergy. 2008;63(3):
261-267.

. Ciprandi G, Cirillo I, Pistorio A. Impact of allergic rhini-

tis on asthma: effects on spirometric parameters. Allergy.
2008;63(3):255-260.

. Cirillo I, Vizzaccaro A, Tosca MA, et al. Bronchial hyperre-

activity and spirometric impairment in patients with allergic
rhinitis. Monaldi Arch Chest Dis. 2005;63(2):79-83.

. Downie SR, Andersson M, Rimmer ], et al. Association

between nasal and bronchial symptoms in subjects with per-
sistent allergic rhinitis. Allergy. 2004;59(3):320-326.

Bonay M, Neukirch C, Grandsaigne M, et al. Changes in
airway inflammation following nasal allergic challenge in
patients with seasonal rhinitis. Allergy. 2006;61(1):111-118.
Braunstahl GJ, Kleinjan A, Overbeek SE, Prins | B, Hoogsteden
HC, Fokkens WJ. Segmental bronchial provocation induces
nasal inflammation in allergic rhinitis patients. Am | Respir
Crit Care Med. 2000;161(6):2051-2057.

von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche
PC, Vandenbroucke JP; STROBE Initiative. Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational
studies. BM]J. 2007;335(7624):806-808.

Bisgaard H, Hermansen MN, Loland L, Halkjaer LB,
Buchvald F. Intermittent inhaled corticosteroids in infants
with episodic wheezing. N Engl | Med. 2006;354(19):1998-2005.
Bisgaard H, Hermansen MN, Buchvald F, et al. Childhood
asthma after bacterial colonization of the airway in neonates.
N Engl] Med. 2007;357(15):1487-1495.

Bisgaard H. The Copenhagen Prospective Study on Asthma
in Childhood (COPSAC): design, rationale, and baseline data
from a longitudinal birth cohort study. Ann Allergy Asthma
Immunol. 2004;93(4):381-389.

Hilberg O. Objective measurement of nasal airway dimen-
sions using acoustic rhinometry: methodological and clinical
aspects. Allergy. 2002;57(Suppl 70):5-39.

Chawes BL, Kreiner-Moller E, Bisgaard H. Objective assess-
ments of allergic and nonallergic rhinitis in young children.
Allergy; 2009;64(10):1547-1553

American Thoracic Society. Standardization of spirometry,
1994 update. Am | Respir Crit Care Med. 1995;152(3):
1107-1136.

Buchvald F, Bisgaard H. FeNO measured at fixed exhalation
flow rate during controlled tidal breathing in children from
the age of 2 yr. Am | Respir Crit Care Med. 2001;163(3 Pt 1):
699-704.

www.chestpubs.org

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ballardini N, Nilsson C, Nilsson M, Lilja G. ImmunoCAP
Phadiatop Infant—a new blood test for detecting IgE sensi-
tisation in children at 2 years of age. Allergy. 2006;61(3):
337-343.

Howarth PH, Persson CG, Meltzer EO, Jacobson MR,
Durham SR, Silkoff PE. Objective monitoring of nasal airway
inflammation in rhinitis. | Allergy Clin Immunol. 2005;115(3)
(Suppl 1):5414-5441.

Braun-Fahrlinder C, Wiithrich B, Gassner M, et al; Inter-
national Study of Asthma and Allergies in Childhood.
Validation of a rhinitis symptom questionnaire (ISAAC core
questions) in a population of Swiss school children visiting
the school health services. SCARPOL-team. Swiss Study on
Childhood Allergy and Respiratory Symptom with respect to
Air Pollution and Climate. Pediatr Allergy Immunol. 1997;
8(2):75-82.

Corsten M]J, Bernard PA, Udjus K, Walker R. Nasal fossa
dimensions in normal and nasally obstructed neonates and
infants: preliminary study. Int | Pediatr Otorhinolaryngol.
1996;36(1):23-30.

Djupesland PG, Lyholm B. Nasal airway dimensions in term
neonates measured by continuous wide-band noise acoustic
rhinometry. Acta Otolaryngol. 1997;117(3):424-432.

Ho WK, Wei WI, Yuen AP, Chan KL, Hui Y. Measurement
of nasal geometry by acoustic rhinometry in normal-breathing
Asian children. | Otolaryngol. 1999;28(4):232-237.

Qian W, Chen W, Chen JM, Haight J. Acoustic rhinom-
etry in preschool children. Otolaryngol Head Neck Surg.
2007;137(1):39-42.

Joseph-Bowen ], de Klerk NH, Firth MJ, Kendall GE, Holt
PG, Sly PD. Lung function, bronchial responsiveness, and
asthma in a community cohort of 6-year-old children. Am |
Respir Crit Care Med. 2004;169(7):850-854.

Straszek SP, Moeller A, Hall GL, Zhang G, Stick SM, Franklin
PJ. Reference values for acoustic rhinometry in children from
4 to 13 years old. Am | Rhinol. 2008;22(3):285-291.

Chanez P, Vignola AM, Vic P, et al. Comparison between
nasal and bronchial inflammation in asthmatic and control
subjects. Am | Respir Crit Care Med. 1999;159(2):588-595.
Braunstahl GJ. The unified immune system: respiratory tract-
nasobronchial interaction mechanisms in allergic airway dis-
ease. | Allergy Clin Immunol. 2005;115(1):142-148.

Stirling RG, van Rensen EL, Barnes PJ, Chung KF.
Interleukin-5 induces CD34(+) eosinophil progenitor mobiliza-
tion and eosinophil CCR3 expression in asthma. Am | Respir
Crit Care Med. 2001;164(8 Pt 1):1403-1409.

CHEST /137 /6 /JUNE, 2010 1337



