Children with allergic and nonallergic rhinitis have a similar

risk of asthma
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Background: Both allergic and nonallergic rhinitis have been
associated with increased prevalence of asthma.

Objective: To characterize asthma and intermediary asthma
endpoints in young children with allergic and nonallergic
rhinitis.

Methods: Thirty-eight 7-year-old children with allergic rhinitis,
67 with nonallergic rhinitis, and 185 without rhinitis from the
Copenhagen Prospective Study on Asthma in Childhood birth
cohort were compared for prevalence of asthma, eczema, food
sensitization, filaggrin null-mutations, total IgE, blood
eosinophil count, fractional exhaled nitric oxide (FeNQO), lung
function, and bronchial responsiveness.

Results: Children with allergic rhinitis compared with
asymptomatic controls had increased prevalence of asthma
(21% vs 5%; P = .002), food sensitization (47% vs 13%; P <
.001), and eczema (66% vs 43%; P = .01) and increased total
IgE (155 kU/L vs 41 kU/L; P <.001), blood eosinophil count
(0.46 x 10°/L vs 0.30 x 10°/L; P = .01), FeNO (15.9 ppb vs 6.6
ppb; P <.001), and bronchial hyperresponsiveness (23% vs 9%
P =.008). Filaggrin null-mutations were associated with allergic
rhinitis (odds ratio, 3.3; 95% CI, 1.3-8.3) but did not modify
these associations. Children with nonallergic rhinitis also had
increased asthma prevalence (20% vs 5%3; P =.001) but showed
no association with filaggrin null-mutations, eczema, food
sensitization, total IgE, blood eosinophil count, FeNO, or
bronchial responsiveness.

Conclusion: Asthma is similarly associated with allergic and
nonallergic rhinitis, suggesting a link between upper and lower
airways beyond allergy associated inflammation. Only children
with allergic rhinitis had increased bronchial responsiveness
and elevated FeNO, suggesting different endotypes of asthma
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symptoms in young children with allergic and nonallergic
rhinitis. (J Allergy Clin Immunol 2010;126:567-73.)
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Allergic rhinitis is defined by sensitization to inhaled allergens
and symptoms such as rhinorrhea, nasal obstruction, nasal
itching, and sneezing during exposure to relevant allergens,’
whereas nonallergic rhinitis is a diagnosis of exclusion character-
ized by similar symptoms but without allergic sensitization rele-
vant to symptoms and without signs of infection.” Studies of
adults and adolescents have shown increased prevalence of
asthma in subjects with allergic and nonallergic rhinitis.>* We
hypothesized that these may represent different endotypes of
asthma. This has not been studied previously in young children.

We studied 290 seven-year-old children with allergic rhinitis,
nonallergic rhinitis, and asymptomatic controls from the Copen-
hagen Prospective Study on Asthma in Childhood (COPSAC)
birth cohort. We compared prevalence of asthma, eczema,
sensitization to food allergens, frequency of filaggrin null-
mutations, levels of total IgE, blood eosinophil count, fractional
exhaled nitric oxide (FeNO), measures of lung function, and
bronchial responsiveness.

The aim of the study was to describe asthma prevalence and
intermediary asthma endpoints in children with allergic and
nonallergic rhinitis.

METHODS
Design

The COPSAC is a birth cohort study of 411 children born to mothers with
asthma, recruited in the region of greater Copenhagen, Denmark.”” The in-
fants were enrolled at 1 month of age and subsequently attended the clinical
research unit at 6-month intervals and immediately on onset of any respiratory
or skin-related symptom.

Ethics

The study was conducted according to the principles of the Declaration of
Helsinki and was approved by the Copenhagen Ethics Committee (KF 01-289/
96) and the Danish Data Protection Agency (2008-41-1754). Informed
consent was obtained from both parents at enrollment.’

Objective measurements by age 7 years

Baseline lung function was assessed by measurement of specific resistance
of airways (sRaw) by whole-body plethysmography.8‘9

Reversibility of airway resistance was determined as the relative change of
sRaw 15 minutes after inhaled [3,-agonist (2 puffs of terbutaline 0.25mg/dose
in a pressurized metered-dose inhaler with a spacer).

Bronchial responsiveness was determined as the relative change of sRaw 4
minutes after hyperventilating —18°C cold dry air.'®!!

Fractional exhaled nitric oxide level was measured by an online tech-
nique'*"? in accordance with recognized guidelines."*

Blood samples were analyzed for eosinophil count, total IgE, and specific IgE
levels." Sensitization was defined as specific IgE > 0.35 kU/L'>'®; allergic
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Abbreviations used
COPSAC: Copenhagen Prospective Study on Asthma in Childhood
FeNO: Fractional exhaled nitric oxide
OR: Odds ratio
sRaw: Specific resistance of airways

sensitization to airborne allergens as any sensitization for cat, dog, horse,
birch, timothy grass, mugwort, house dust mites, or molds; and food
sensitization as any sensitization for hen’s egg, cow’s milk, fish, wheat,
peanut, soybean, or shrimp.

Nasal eosinophilia was assessed by nasal scrapings and rated by 2
experienced cytologists according to the Meltzer semiquantitative scale'” as
previously detailed."®

Clinical diagnoses

Rhinitis was diagnosed by the COPSAC doctors on the basis of parent
interviews (not questionnaires) on rhinitis symptoms in the child’s seventh
year of life. The interview addressed rhinitis symptoms (sneezing, blocked
nose, runny nose, and nasal itching/rubbing), nasal steroid trials, limitation of
daily activities and sleep disturbance, eye involvement (itching/watery and red
eyes), suspected precipitating factors, and time of year with symptoms.
According to these interviews, rhinitis was defined by troublesome sneezing or
blocked or runny nose severely affecting the well being of the child in periods
without common cold or flu.'® Allergic rhinitis was diagnosed in children with
sensitization to aeroallergens clearly related to the symptomatic periods (birch
[April-May], grass [May-August], mugwort [July-August], molds [May-
October], house dust mites [October-February], and animals [when exposed]).
Nonallergic rhinitis was diagnosed in children without sensitization or without
symptoms during periods of exposure to such allergens.'®

In a secondary analysis, we analyzed (1) allergic rhinitis (rhinitis plus any
sensitization to aeroallergens irrespective of association with symptoms) and
nonallergic rhinitis (rhinitis without any sensitization to aeroallergens), (2)
allergic rhinitis and nonallergic rhinitis stratified by presence of nasal
eosinophilia, and (3) inflammatory rhinitis (rhinitis plus nasal eosinophilia)
and noninflammatory rhinitis (rhinitis without nasal eosinophilia).

Current asthma in the seventh year of life was diagnosed according to
international guidelines as previously detailed”>” on the basis of respiratory
diary cards completed on a daily basis by the parents, symptoms judged by
the COPSAC doctors to be typical of asthma (eg, exercise-induced symp-
toms, prolonged nocturnal cough, recurrent cough outside common cold,
symptoms causing wakening at night); need for intermittent rescue use of
inhaled B,-agonist, response to a 3-month trial of inhaled corticosteroids,
and relapse when stopping treatment.

Eczema ever in the first 7 years of life was diagnosed by the COPSAC
doctors according to predefined morphology and localization at both sched-
uled and acute visits defined by the Hanifin-Rajka criteria as previously
detailed.”"*

Genetics

Filaggrin genotyping for 2 independent common null-mutations (R501X
and 2282del4) was performed as previously detailed.* Children were assigned
as having a filaggrin mutation if they carried at least 1 of the mutations.

Statistical analysis

The study group was categorized in 3 groups: allergic rhinitis, nonallergic
rhinitis, and a control group (reference group) without persistent rhinitis
symptoms. Odds ratios of asthma, eczema, and food sensitization were
calculated by logistic regression, whereas associations between rhinitis diagno-
ses and continuous outcomes (total IgE, blood eosinophil count, FeNO, baseline
sRaw, B,-reversibility, and bronchial responsiveness to cold dry air) were ana-
lyzed by generalized linear models expressing results as (3-coefficients. Total
IgE, blood eosinophil count, and FeNO were log-transformed before analysis.
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Results are reported with 95% Cls in brackets; a P value < .05 was consid-
ered significant. All analyses were performed with SAS v. 9.2 (SAS Institute,
Inc, Cary, NC).

Further details of the Methods are outlined in this article’s Online
Repository at www.jacionline.org.

RESULTS
Baseline characteristics

Complete follow-up by doctor interview on rhinitis symptoms
in the seventh year of life and measurement of specific IgE was
available for 290 of the cohort of 411 infants (see this article’s Fig
El in the Online Repository at www.jacionline.org). The study
group had increased prevalence of recurrent wheeze in the first
1.5 year of life (P < .001) and higher income (P <.001) compared
with the group without follow-up on these endpoints, whereas
there were no differences in eczema, allergic sensitization to aero-
allergens, sex, older siblings, or family history of allergic rhinitis
(see this article’s Table E1 in the Online Repository at www.
jacionline.org).

Rhinitis was diagnosed in 105 children (36%) and allergic
sensitization to inhaled allergens in 76 children (26%). Allergic
rhinitis to aeroallergens was diagnosed in 38 children (13%) and
nonallergic rhinitis in 67 children (23%). Five children classified
as having nonallergic rhinitis were sensitized to aeroallergens but
without symptoms during exposure. The control group without
persistent rhinitis symptoms was made up of 185 children (64%).

The overall study group consisted of 142 boys (49%). Preva-
lence of asthma, food sensitization, eczema, nasal eosinophilia,
and filaggrin mutations; levels of total IgE, FeNO, and blood
eosinophil count; baseline sRaw, reversibility to 3,-agonist, and
bronchial responsiveness to cold dry air are described in Table I.

Associations among asthma, eczema, and allergic
and nonallergic rhinitis

The Venn diagrams illustrate the relationships among asthma,
eczema, and allergic rhinitis (Fig 1, A) and nonallergic rhinitis
(Fig 1, B). The overlapping areas illustrate that current asthma
is equally frequent in children with allergic rhinitis (21%) and
nonallergic rhinitis (20%). Accordingly, both allergic rhinitis
(OR, 5.0; 95% CI, 1.8-14.0; P = .002) and nonallergic rhinitis
(OR, 4.6; 95% CI, 1.9-11.4; P = .001) were significantly associ-
ated with current asthma (Table II). Likewise, asthma was signif-
icantly associated with rhinitis symptoms (OR, 4.8; 95% CI,
2.1-10.8; P < .001) without evidence of interaction with sensitiza-
tion to aeroallergens (P value for interaction, 0.87).

The Venn diagrams also show that a history of eczema is a more
frequent finding in children with allergic rhinitis than nonallergic
rhinitis (66% vs 43%). The OR of eczema was 2.5 (95% CI, 1.2-
5.1; P = .01) for children with allergic rhinitis and 1.0 (95% CI,
0.6-1.7; P = .94) for children with nonallergic rhinitis (Table II).

Allergic versus nonallergic rhinitis

Children with allergic rhinitis compared with nonallergic
rhinitis more often had sneezing (79% vs 58%; P = .03), nasal
rubbing/itching (66% vs 40%; P = .0l), itchy/watery eyes
(66% vs 42%; P = .02), and trials of nasal steroid treatments
(37% vs 19%; P = .05), whereas blocked nose was more prevalent
in children with nonallergic rhinitis (76% vs 58%; P = .02).
Length of the rhinitis history was increased in allergic rhinitis
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TABLE I. Phenotypic characteristics of the study group
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Allergic Allergic rhinitis Nonallergic Nonallergic rhinitis

Phenotypic characteristic rhinitis N = 38 without asthma N = 30 rhinitis N = 67 without asthma N = 54  Controls N = 185
Binary variables

Current asthma, no. (%) 8 (21) 13 (20) 9 (5)

Eczema ever, no. (%) 25 (66) 19 (63) 29 (43) 22 (41) 81 (44)

Food sensitization,* no. (%) 18 (47) 13 (43) 9 (13) 9 (17) 31 (17)

Filaggrin mutations,T no. (%) 9 (24) 8 (28) 7 (10) 4 (7) 16 (9)

Nasal eosinophilia, no. (%) 9 (28) 7 (27) 5(8) 3 (6) 4(2)
Continuous variables

Total IgE (kU/L), median (Q1-Q3) 155 (72-384) 125 (60-133) 30 (11-71) 30 (11-71) 41 (17-99)

B-eosinophils (10° cells per liter);
median (Q1-Q3)

0.46 (0.27-0.59)

0.43 (0.28-0.59)

0.36 (0.25-0.49)

0.38 (0.26-0.50)

0.30 (0.18-0.49)

FeNO (ppb), median (Q1-Q3) 15.9 (6.1-29.6) 13.1 (5.8-25.0) 6.8 (5.3-8.8) 7.0 (5.5:9.1) 6.6 (5.1-9.1)
Baseline sRaw (kPa/s), mean (SD)  1.33 (0.26) 1.27 (0.24) 1.33 (0.30) 1.28 (0.25) 1.34 (0.32)
B,-reversibility,; mean (SD) 0.20 (0.14) 0.16 (0.13) 0.17 (0.13) 0.17 (0.11) 0.17 (0.14)
Cold dry air challenge,§ mean (SD)  0.23 (0.45) 0.22 (0.40) 0.14 (0.22) 0.12 (0.21) 0.09 (0.22)

*Specific IgE >0.35 kU/L for at least 1 of 7 food allergens (hen’s egg, cow’s milk, fish, wheat, peanut, soybean, shrimp).

TFilaggrin null-mutations: R501X or 2282del4.
{The relative change in sRaw before and after bronchodilator.
§The relative change in sRaw before and after cold dry air hyperventilation.

A
Asthma
(N=30)
Eczema
Allergic (N=132)
Rhinitis
(N=38)
Asthma
B (N=30
H Eczema
Nonallergic (N=132)
Rhinitis
(N=66)

FIG 1. Venn diagrams illustrating the associations among asthma, eczema,
and allergic rhinitis (A) and nonallergic rhinitis (B). The size of the circles
and overlapping areas are area-proportional with respect to the total study
population. The overlapping areas between asthma and allergic and nonal-
lergic rhinitis are shaded.

cases compared with nonallergic rhinitis (>2 years duration; 71%
vs 33%; P < .001) (Fig 2).

Sensitization to food allergens was present in 47% (N=18) of
children with allergic rhinitis, but only in 13% (N=9) of children
with nonallergic rhinitis. Allergic sensitization to at least 1 of the
tested food allergens was significantly associated with allergic
rhinitis (OR, 4.5; 95% CI, 2.1-9.4; P < .001) but not with nonal-
lergic rhinitis (OR, 0.8; 95% CI, 0.3-1.7; P = .52).

Children with allergic rhinitis had increased levels of total IgE
(median values, 155 kU/L vs 41 kU/L; P < .001), increased blood
eosinophil count (median values, 0.46 X 10°/L vs 0.30 X 10°/L;
P = .01) and elevated FeNO level (median values, 15.9 ppb vs
6.6 ppb; P < .001) compared with children without persistent
rhinitis. Subjects with nonallergic rhinitis were comparable
to asymptomatic controls except for the increased asthma
prevalence (Table II).

Children with allergic rhinitis had increased bronchial respon-
siveness to cold dry air challenge (relative change in sRaw, 23%
vs 9%; P = .008), whereas children with nonallergic rhinitis were
comparable to the controls. There were no differences in baseline
sRaw or reversibility to 3,-agonist (Table II).

Allergic rhinitis defined as rhinitis plus any sensitization to
aeroallergens (irrespective of relation to symptoms) and nonal-
lergic rhinitis as rhinitis without sensitization did not modify the
association with asthma or any of the other findings (see this
article’s Table E2 in the Online Repository at www.jacionline.
org). We found similar associations with asthma and intermediary
asthma endpoints in children with allergic rhinitis with and with-
out nasal eosinophilia as well as in nonallergic rhinitis with and
without nasal eosinophilia (see this article’s Table E3 in the
Online Repository at www.jacionline.org). The analysis of in-
flammatory versus noninflammatory rhinitis was comparable to
allergic rhinitis versus nonallergic rhinitis except that response
to cold dry air challenge was not increased in inflammatory rhini-
tis, probably because of low numbers (see this article’s Table E4
in the Online Repository at www.jacionline.org).

Allergic versus nonallergic rhinitis in children with
asthma

Asthma in children with allergic rhinitis is compared with
asthma in children with nonallergic rhinitis in this article’s Table
ES5 in the Online Repository at www.jacionline.org. Both children
with allergic rhinitis and asthma and children with nonallergic
rhinitis and asthma had increased baseline sRaw, whereas only
children with allergic rhinitis and asthma had elevated FeNO,
bronchial hyperresponsiveness, and reversibility to [3,-agonist.
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TABLE Il. Comparisons of allergic rhinitis with and without asthma,
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nonallergic rhinitis with and without asthma, and controls

Allergic rhinitis

Nonallergic rhinitis

Controls vs: Allergic rhinitis without asthma Nonallergic rhinitis without asthma
Binary variables OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value
Current asthma 5.0 (1.8 to 14.0) .002 46 (1.9to 11.4) .001
Eczema ever 25(12t05.1) .01 2.2 (1.0 to 4.8) .06 1.0 (0.6 to 1.7) .94 0.9 (0.5 to 1.6) .64
Food sensitization* 4.5 (2.1 t0 9.4) <.001 3.7 (1.6 to 8.5) .002 0.8 (0.3 to 1.7) 52 1.0 (0.4 to 2.2) .95
Filaggrin mutationst 3.3 (1.3 to 8.3) .01 3.8(1.41t09.9) .01 1.2 (0.5 to0 3.1) .69 0.8 (0.3 to 2.5) .69
B-coefficient B-coefficient B-coefficient B-coefficient
Continuous variables (95% Cl) P value (95% Cl) P value (95% Cl) P value (95% Cl) P value
Total IgE 1.34 (0.9 to 1.8) <.001 1.13 (0.7 to 1.6) <.001 —0.28 (—0.6 to 0.1) 12 —0.33 (=0.7 to 0.1) .10
Blood eosinophils 0.38 (0.1 to 0.6) .01 0.41 (0.1 to 0.7) .01 0.11 (—0.1 to 0.3) .30 0.18 (—0.1 to 0.4) .14
FeNO 0.72 (0.5 to 1.0) <.001 0.62 (0.4 to 0.8) <.001 —0.03 (—0.2to 0.1) .76 0.01 (—0.2 to 0.2) .93
Baseline sRaw —0.01 (—0.1 to 0.1) .87 —0.05 (—0.2 to 0.1) 32 —0.01 (—0.1 to 0.1) .79 —0.04 (—0.1 to 0.1) 42
Bo-reversibility: 0.03 (—0.02 to 0.1) 24 —=0.00 (—0.1 to 0.1) 90 0.00 (—0.04 to 0.04) .99 0.01 (—0.04 to 0.1) 78
Cold dry air challenge§  0.14 (0.04 to 0.2) .008 0.14 (0.03 to 0.2) .01 0.05 (—0.04 to 0.1) 28 0.04 (—0.1 t0 0.1) .38

*Specific IgE > 0.35kU/L for at least 1 of 7 food allergens (hen’s egg, cow’s milk, fish, wheat, peanut, soybean, shrimp).

fFilaggrin null-mutations: R501X or 2282del4.
{The relative change in sRaw before and after bronchodilator.
§The relative change in sRaw before and after cold dry air hyperventilation.

100% - = Allergic Rhinitis Nonallergic Rhinitis
90% - P NS
80% - *
*k
70% A ok *
60% A
50%
40% - *
30% A
20% A
10% -
0% - T T T T T r
s & & g )
& & & & &
& & 5 NS 3 & e
= S & Rl & o &
¥ & < & & ¢

FIG 2. Diagram showing individual symptom patterns, nasal steroid trials,
and length of rhinitis history in children with allergic rhinitis compared with
nonallergic rhinitis. Comparisons are made with X2 statistics; *P<.05; ** P<
.01. NS, Nonsignificant.

Allergic versus nonallergic rhinitis in children
without asthma

We subsequently studied children with allergic and nonallergic
rhinitis but no current asthma. Prevalence of eczema, food
sensitization, total IgE and blood eosinophil count was increased
in children with allergic rhinitis without concurrent asthma but
not in nonallergic rhinitis. In particular, bronchial responsiveness
to cold dry air challenge (relative change in sRaw, 22% vs 8%;
P = .01) and FeNO level (median values, 13.1 ppb vs 6.6 ppb; P <
.001) were increased in children with allergic rhinitis without
asthma but not in children with nonallergic rhinitis (Table II).

Filaggrin null-mutations

Filaggrin mutations were strongly associated with allergic
rhinitis by age 7 years (OR, 3.3; 95% CI, 1.3-8.3; P = .01) but not
with nonallergic rhinitis (OR, 1.2; 95% CI, 0.5-3.1; P = .69). To

investigate whether filaggrin mutations explained the differences
between allergic and nonallergic rhinitis, we adjusted all signifi-
cant associations for filaggrin mutations, which did not substan-
tially alter the associations (see this article’s Table E6 in the
Online Repository at www.jacionline.org).

DISCUSSION
Main findings

First, asthma coexisted equally frequent in 7-year-old children
with allergic and nonallergic rhinitis from the COPSAC birth
cohort of mothers with asthma, suggesting a link between asthma
and rhinitis beyond an allergy-driven mechanism.

Second, FeNO and bronchial hyperresponsiveness was in-
creased in children with allergic rhinitis and asthma, but not in
children with nonallergic rhinitis and asthma. This suggests
different endotypes of asthma in children with allergic and
nonallergic rhinitis.

Third, children with allergic rhinitis without asthma still
exhibited increased bronchial responsiveness and FeNO, suggest-
ing that the allergy-driven symptoms mark a disease process in
both upper and lower airways even when symptoms only reveal as
allergic rhinitis.

Together, these observations support the concept of a close
connection between upper and lower airway disease partly from
a common allergy-driven process but also from nonallergic
(unknown) mechanisms.

Strengths and limitations of the study

A major strength of the study is the high diagnostic accuracy
and sensitivity in this closely monitored birth cohort with
comprehensive objective assessments and daily diary cards.>”’
All diagnoses were made by the doctors employed at the COP-
SAC research unit, not the family practitioner, minimizing risk
of misclassification. Rhinitis diagnosis was based on parent
interviews (not questionnaires), allowing validation and inter-
pretation of the symptom history. Similarly, asthma was diag-
nosed by the COPSAC research doctors based on clinical
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assessments according to a predefined algorithm and daily dia-
ries, not questionnaires. The diaries were reviewed by the COP-
SAC doctors at 6-monthly clinical sessions and immediately on
onset of any respiratory symptom reducing risk of recall bias.
Furthermore, the study is strengthened by the comprehensive
objective assessments of atopic biomarkers, lung function, and
bronchial reversibility and responsiveness, performed in accor-
dance with standard operating procedures by highly trained
research assistants at the COPSAC research unit.

The clinical follow-up rate of the cohort by age 7 years of
70% with clinical information on rhinitis, asthma, eczema,
sensitization to food allergens, levels of total IgE, blood eosin-
ophil count, nasal eosinophilia, FeNO, measures of lung func-
tion, and bronchial responsiveness is also a significant strength
of the study.

The principal limitation of the study is the setting of a birth
cohort of mothers with a history of asthma, which diminishes the
generalizability of our findings. However, population-based
studies of adolescents and adults with rhinitis have shown
associations in agreement with our ﬁndings.3’24

We found that nonallergic rhinitis was twice as common as
allergic rhinitis, which is different from studies of adults, among
whom the proportion of subjects with nonallergic rhinitis is one
third to one fourth of the rhinitis population.>*** It may be spec-
ulated that a subclinical allergic diathesis exists in a proportion of
children with nonallergic rhinitis. Entopy—the presence of nasal
mucosal but not systemic specific [gE—may explain early steps in
the development of allergic rhinitis.>>*® However, this remains
speculative, and the evidence from our data shows that children
with rhinitis without established sensitization to aeroallergens
often have concurrent asthma.

Alternatively, misclassification may have occurred. However,
we found well described differences in symptom presentation
between children with allergic and nonallergic rhinitis' and rean-
alyzing data as allergic rhinitis (rhinitis plus any sensitization
to aeroallergens irrespective of relation to symptoms) versus non-
allergic rhinitis (rhinitis without any sensitization) as well as
inflammatory rhinitis (rhinitis plus nasal eosinophilia) versus
noninflammatory rhinitis did not modify our findings.

Another data approach would be to perform cluster analysis to
discover potentially new endophenotypes of rhinitis. However, it
was our aim to improve evidence of the associations within the
triad of asthma and allergic and nonallergic rhinitis based on the
currently recognized definitions.'

Interpretation

Increased prevalence of asthma was present in both children
with allergic and nonallergic rhinitis, suggesting a link between
symptoms from upper and lower airways beyond allergy-driven
mechanisms. We recently demonstrated that upper and lower
airway patency are strongly associated in children with allergic
and nonallergic rhinitis.?’ Thus, generalized diminished airway
dimensions may contribute to an increased propensity of coexist-
ing rhinitis and asthma, possibly explained by shared genetic
variants. In support of a nonallergic communality between upper
and lower airways, a large proportion of adults with chronic
rhinosinusitis has lung function abnormalities and reports
having asthma.?®?° Nasal symptoms are also frequently reported
by patients with chronic obstructive pulmonary disease and
bronchiectasis. 8!
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Our finding of a similar asthma prevalence in children with
allergic and nonallergic rhinitis is in accordance with findings in
5-year-old children®” but in contrast with studies of adolescents
and adults consistently showing a higher prevalence of asthma
in subjects with allergic rhinitis compared with nonallergic rhini-
tis.>** These findings suggest that a proportion of children with
allergic rhinitis to aeroallergens will develop asthma later in life,
which is consistent with longitudinal data from a recent report
confirming allergic rhinitis as a determinant of adult-onset
asthma.®® In addition, some children with nonallergic rhinitis
may develop allergy later in life. Both hypotheses support the
Allergic Rhinitis and its Impact on Asthma (ARIA) recommenda-
tions' of testing for asthma in all children presenting symptoms of
persistent rhinitis, whether allergic or nonallergic.

We also found that children with allergic rhinitis and asthma
had an increased prevalence of bronchial hyperresponsiveness
and elevated FeNO in comparison with children with nonallergic
rhinitis and asthma, which suggests different endotypes of asthma
symptoms in children with allergic and nonallergic rhinitis.
Previous studies have shown bronchial hyperresponsiveness in
one third to one half of adults with allergic rhinitis,>**> and one
comparative study of mixed adults and adolescents reported air-
way hyperresponsiveness in a significantly greater proportion of
subjects with allergic rhinitis compared with nonallergic rhinitis.®
Our findings demonstrate different endotypes of asthma symp-
toms in children with allergic and nonallergic rhinitis and warrant
increased awareness of children with coexisting asthma and aller-
gic rhinitis because this phenotype is characterized by raised
values of FeNO and bronchial hyperresponsiveness already at
age 7 years. Further studies in children with allergic and nonaller-
gic rhinitis comparing the prevalence of intermediary asthma end-
points are needed.”

Children with allergic rhinitis but no asthma still exhibited
increased bronchial responsiveness and elevated FeNO levels,
which has also been demonstrated in adults.*®*” Furthermore,
two cross-sectional studies of children with allergic rhinitis with-
out asthma have also shown an increased prevalence of bronchial
hyperresponsiveness.38’39 However, one study is limited by low
numbers (N=51) and a broad age range (6-15 years)*® and the
other by a subjective “auscultative” evaluation of response to
methacholine challenge.38 Our findings suggest a subclinical
bronchial disease process in young children with allergic rhinitis
and emphasize allergic rhinitis as a marker of a generalized
airway disease.*>** This interpretation is supported by studies
showing that nasal allergen challenge can cause bronchial inflam-
mation*"** and that segmental bronchial provocation induces
a nasal inflammatory response.43 These findings may play an
important role for the follow-up of children with allergic rhinitis
without clinical asthma because asymptomatic bronchial hyper-
responsiveness is described in association with subsequent devel-
opment of asthma later in life.***® Assessment of nasal
eosinophilia does not seem to help the clinician identifying rhini-
tis children at particular risk of asthma because nasal eosinophilia
was not a frequent finding in this age group, nor was nasal eosin-
ophilia associated with any of the intermediary asthma endpoints.

As expected,3’24 the allergic rhinitis phenotype had an in-
creased prevalence of eczema and food sensitization, increased
total IgE, and elevated blood eosinophil count, whereas these
characteristics were not associated with the nonallergic rhinitis
phenotype. In addition, filaggrin loss-of-function mutations
were strongly associated with allergic rhinitis but not nonallergic
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rhinitis. We have previously shown that filaggrin mutations are
associated with the development of eczema and allergic sensiti-
zation,”” and others have reported an association with allergic rhi-
nitis.*® Therefore, a higher frequency of filaggrin mutations in
children with allergic rhinitis could have accounted for the differ-
ences between the allergic and nonallergic rhinitis phenotypes.
However, adjusting the analysis for filaggrin mutations did not
modify our findings, assuring that the associations with asthma
and intermediary asthma endpoints are not driven by differences
in filaggrin genotypes.

In conclusion, asthma was equally frequent in children with
allergic and nonallergic rhinitis, suggesting a link between upper
and lower airway disease beyond an allergy-driven mechanism.
Children with allergic rhinitis but not nonallergic rhinitis had in-
creased bronchial responsiveness and FeNO, suggesting different
endotypes of asthma associated with allergic and nonallergic rhi-
nitis. Children with allergic rhinitis but no asthma also exhibited
bronchial hyperresponsiveness and raised FeNO, suggesting a
subclinical bronchial disease process and supporting the allergic
disease process to involve both upper and lower airways. These
observations lend support to a close connection between upper
and lower airway disease partly from an allergy-driven process
but also from nonallergic mechanisms.

We gratefully express our gratitude to the children and families of the
COPSAC cohort study for all their support and commitment. We acknowledge
and appreciate the unique efforts of the COPSAC research team.

Key messages

e Asthma is equally frequent in young children with allergic
and nonallergic rhinitis, suggesting a link between upper
and lower airways beyond allergy-associated inflammation.

Children with allergic rhinitis and asthma, but not nonal-
lergic rhinitis and asthma, have increased bronchial re-
sponsiveness and FeNO, suggesting different endotypes
of asthma in children with allergic and nonallergic
rhinitis.

Children with allergic rhinitis but no asthma also ex-
hibited bronchial hyperresponsiveness and raised FeNO,
suggesting a subclinical bronchial disease process and
supporting the allergic disease process to involve both
upper and lower airways.
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METHODS

FeNO measurements

Fractional exhaled nitric oxide was measured at 7 years of age by an
online techniqueEl‘E2 with NIOX FLEX (Aerocrine, Solna, Sweden) in
accordance with American Thoracic Society and European Respiratory
Society guidelines.®> The child was comfortably seated and breathing qui-
etly for about 5 minutes to acclimatize. Thereafter, the child inhaled to
near total lung capacity and immediately exhaled at a constant flow of 50
mL/s until a FeNO plateau of >2 seconds could be identified. An exhalation
lasted at least 4 seconds, and the expiratory pressure was maintained at 5 to
20 cm H,O to close the velum. During exhalation, the child was guided by
an exhalation flow—driven animated computer program. Two repeated exha-
lations that agreed within 5% were completed with <30-second intervals,
and mean FeNO was recorded.

Bronchial responsiveness to cold dry air

Cold dry air challenge was performed in the child’s seventh year of life by
hyperventilating —18°C cold dry air.**E> The air was generated by a Respira-
tory Heat Exchange System (Erich Jaeger GmbH, Wiirzburg, Germany). The
test was done as a single-step isocapnic hyperventilation test lasting 4 minutes.
An animated computer program guided the child to maintain an adequate fre-
quency of breathing aiming at 1 L/min/kg body weight.®* A face mask fitted
with a mouthpiece was used during hyperventilation, which ensured mouth
breathing and prevented inhalation of room air.

Asthma diagnosis algorithm

Wheeze was defined from the daily diary cards as troublesome lower
airway symptoms such as wheeze or whistling sounds, breathlessness, or
persistent troublesome cough severely affecting the well being of the child.

A wheezy episode was defined by 3 consecutive days with troublesome
lung symptoms, which led to a clinical evaluation of the child by the doctors at
the COPSAC Research Unit.

The first COPSAC doctor-verified wheezy episode led to prescription of a
short-acting (3,-agonist to be administered as needed for the current and fol-
lowing wheezy episodes.

If the child had 5 wheezy episodes within 6 months, had 4 consecutive
weeks with wheeze, or met the criteria for acute severe asthma, a diagnosis of
recurrent wheeze was established, and daily treatment for 3 months with
inhaled corticosteroid (100 X 2 X 2ug budesonide) was initiated, increasing
to 6 and 12 months at subsequent relapses defined as 2 wheezy episodes within
3 months, 2 consecutive weeks with wheeze, or acute severe asthma.

Asthma was diagnosed at the first relapse after a 3-month trial of inhaled
corticosteroids when symptoms judged by the COPSAC doctors were typical
of asthma (eg, exercise-induced symptoms, prolonged nocturnal cough, recur-
rent cough outside common cold, symptoms causing wakening at night). The
asthma diagnosis algorithm is given in details at www.copsac.com.

Allergic sensitization

At 6 years of age, specific IgE levels were determined by a screening
method (ImmunoCAP, Phadiatop Infant; Pharmacia Diagnostics AB, Up-
psala, Sweden) against the 15 most common inhalant and food allergens (cat,
dog, horse, birch, timothy grass, mugwort, house dust mites, molds, egg, milk,
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fish, wheat, peanut, soybean, shrimp). Values of specific IgE >0.35kU/L were
considered indicative of sensitization.®*F’

Allergic sensitization to airborne allergens was considered relevant only
when rhinitis symptoms were predominant during the appropriate exposure:
birch (April-May), grass (May-August), mugwort (July-August), molds
(May-October), house dust mites (October-February), and animals (when
exposed).E8

Nasal eosinophilia

Nasal eosinophilia was assessed by nasal scraping in the child’s sixth year
of life and rated according to the Meltzer semiquantitative scale™ as previ-
ously detailed.®'® Nasal eosinophilia was judged by experienced cytologists
and defined as >1 eosinophil cells per high-power field (light microscopy,
oil immersion, X 1000).

Total IgE

Total IgE was determined by ImmunoCAP (Phadia)®® with a detection
limit of 2 kU/L.

Statistical analysis

The association between filaggrin null-mutations and rhinitis diagnoses
was investigated by logistic regression. Filaggrin mutation—adjusted associ-
ations were calculated by adding filaggrin mutations (yes/no) as a covariate to
the models.
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[ 411 infantsin the COPSAC cohort ]

[ 54 children without rhinitis J
interview
-[ 67 children missing specific-IgE J

290 completed rhinitis interview and
specific-IgE in their 7% year of life

[ 38 allergic rhinitis } [ 67 nonallergic rhinitis }

185 controls

FIG E1. Study group flow chart.
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TABLE E1. Comparison of study group versus children with
incomplete data

Children with
Study group incomplete data

Characteristic N = 290 N = 121 P value
Male sex, no. (%) 142 (49%) 60 (50%) 19%
Recurrent wheeze, 22 (8%) 0 <.001F

0-1%2 y, no. (%)
Eczema, 0-1%2 y, no. (%) 99 (34%) 33 (27%) A7
Allergic sensitization 10 (4%) 4 (5%) 5%

to aeroallergens,

1¥2 'y, no. (%)
Siblings at birth, no. (%) 118 (41%) 34 (35%) 26%
Parental income at birth <.001*

<400.000 Danish Kroner (dKr) 74 (26%) 38 (38%)

400.000-600.000 dKr 138 (48%) 45 (46%)

>600.000 dKr 74 (26%) 16 (16%)
Father allergic rhinitis, no. (%) 94 (34%) 32 (28%) 29%
Mother allergic rhinitis, no. (%) 222 (77%) 88 (73%) 49%

*xz test.
TFisher exact test.
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TABLE E2. Comparisons of allergic rhinitis and nonallergic rhinitis with and without asthma versus controls. Allergic rhinitis is defined
as rhinitis plus sensitization to any tested aeroallergen (irrespective of association with symptoms), nonallergic rhinitis as rhinitis
without sensitization to aeroallergens.

Allergic rhinitis Nonallergic rhinitis
Controls vs: N = 185 Allergic rhinitis N = 43 without asthma N = 34 Nonallergic rhinitis N = 62 without asthma N = 50
Binary variables OR (95% CI) P value OR (95% CI) P value OR (95% Cl) P value OR (95% ClI) P value
Current asthma 5.0 (1.8 to 13.4) .002 - - 4.6 (1.8 to 11.5) .001 - -
Eczema ever 2.4 (1.2 to 4.8) .01 2.0 (1.0 to 4.3) .07 0.9 (0.5 to 1.7) .80 0.8 (0.4 to 1.6) .59
Food sensitization* 4.3 (2.1 to 8.8) <.001 3.8 (1.7 to 8.4) .001 0.6 (0.3 to 1.5) 31 0.8 (0.3 to 1.9) .61
Filaggrin mutationst 2.8 (1.2 t0 6.9) .02 32 (1.2t08.2) .02 1.3 (0.5t0 3.4) .56 0.9 (0.3 to 2.7) .80

Continuous variables  B-coefficient (95% CI) P value B-coefficient (95% CI) P value B-coefficient (95% Cl) P value p-coefficient (95% CI) P value

Total IgE 1.24 (0.8 to 1.7) <.001 1.08 (0.6 to 1.5) <.001 —0.34 (—0.7 t0 0.02) .07 —0.41 (—0.8 to —0.02) .04
B-eosinophils 0.39 (0.1 to 0.6) .002 0.42 (0.1 to 0.7) .004 0.09 (—0.1 to 0.3) 44 0.15 (—0.1 to 0.4) .23
FeNO 0.59 (0.4 to 0.8) <.001 0.71 (0.5 to 0.9) <001 —0.09 (—0.2 to 0.1) 52 —0.04 (—0.2 t0 0.2) 1
sRaw —0.02 (0.1 to 0.1) .68  —0.06 (—0.21t00.04) .23 —0.00 (—0.1t00.1) .94 —0.03 (—0.1 to 0.1) .54
B,-reversibility{ 0.03 (-0.02t0 0.1) .20 0.00 (=0.1 to 0.1) 97  —0.00 (=0.1 to 0.04) .87 0.00 (—0.04 to 0.1) .87

Cold dry air challenge§  0.12 (0.02 to 0.2) .02 0.11 (0.02 to 0.2) .02 0.05 (—0.03t0 0.1) .22 0.04 (—0.04 to 0.1) .33

*Specific IgE > 0.35 kU/L for at least 1 of 7 food allergens (hen’s egg, cow’s milk, fish, wheat, peanut, soybean, shrimp).
TFilaggrin null-mutations: R501X or 2282del4.

{The relative change in sRaw before and after bronchodilator.

§The relative change in sRaw before and after cold dry air hyperventilation.
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TABLE E3. Comparisons of allergic rhinitis and nonallergic rhinitis with and without nasal eosinophilia versus controls

Allergic rhinitis Allergic rhinitis Nonallergic rhinitis Nonallergic rhinitis

with nasal eosinophilia without nasal eosinophilia N with nasal eosinophilia without nasal eosinophilia
Controls vs: N = 165 N=9 =23 N=5 N =54
Binary variables OR (95% ClI) P value OR (95% Cl) P value OR (95% ClI) P value OR (95% CI) P value
Current asthma 4.9 (0.9 to 27.0) .07 3.6 (1.0 to 12.8) .05 5.7 (0.5 to 60.4) 15 3.9 (1.5 to 10.2) .01
Eczema ever 2.5 (0.6 to 10.2) 21 3.5(1.3t09.3) .01 4.9 (0.5 to 45.0) .16 0.8 (0.5 to 1.6) .60
Food sensitization* 4.1 (1.0 to 16.2) .05 3.9 (1.6 t0 9.9) .004 3.4 (0.5 to 21.4) .19 0.6 (0.2 to 1.6) .35
Filaggrin mutationst 3.3 (0.6 to 17.5) .16 5.4 (1.9 to 15.6) .002 2.9 (0.3 to 27.7) .36 1.2 (0.4 to 3.5) 77

B-coefficient B-coefficient B-coefficient B-coefficient
Continuous variables (95% Cl) P value (95% Cl) P value (95% Cl) P value (95% Cl) P value
Total IgE 0.82 (—0.02 to 1.7) .06 1.18 (0.6 to 1.7) <.001 —0.62 (—1.7to0 0.5) .27 —0.30 (—0.7 to 0.1) 13
B-eosinophils 0.26 (—0.2 to 0.8) 31 0.38 (0.04 to 0.7) .03 —0.10 (—0.8 to 0.6) .78 0.17 (—0.1 to 0.4) .18
FeNO 0.93 (0.5 to 1.3) <.001 0.57 (0.3 to 0.9) <.001 0.27 (—0.3 t0 0.8) .33 —0.06 (—0.2 to 0.1) .54
sRaw —0.14 (=04 to 0.1) 18 0.04 (—0.1 to 0.2) 54 —0.09 (—0.4 to 0.3) .63 —0.02 (—=0.1 to 0.1) 1
Bo-reversibility} 0.02 (0.1 to 0.1) .69 0.03 (—0.04 to 0.1) .38 —0.03 (—0.2 to 0.1) .68 0.01 (—0.03 to 0.1) 73
Cold dry air challenge§ 0.21 (0.1 to 0.4) .01 0.16 (0.04 to 0.3) .01 0.15 (—0.1 to 0.4) .26 0.03 (—0.1 to 0.1) 48

*Specific IgE > 0.35 kU/L for at least 1 of 7 food allergens (hen’s egg, cow’s milk, fish, wheat, peanut, soybean, shrimp).

fFilaggrin null-mutations: R50/X or 2282del4.
{The relative change in sRaw before and after bronchodilator.

§The relative change in sRaw before and after cold dry air hyperventilation.



J ALLERGY CLIN IMMUNOL
VOLUME 126, NUMBER 3

TABLE E4. Comparison

of inflammatory rhinitis, noninflammatory rhinitis versus controls

CHAWES ET AL 573.e6

Controls vs: N = 165 Inflammatory rhinitis N = 14 Noninflammatory rhinitis N = 77
Binary variables OR (95% CI) P value OR (95% CI) P value
Current asthma 5.1 (1.2 to 22.0) .03 3.8 (1.61t09.2) .003
Eczema ever 3.1 (0.9 to 10.2) .07 1.3 (0.7 to 2.2) 40
Food sensitization* 3.8 (1.2t0 11.9) .02 1.3 (0.7 to 2.7) 40
Continuous variables B-coefficient (95% Cl) P value B-coefficient (95% Cl) P value
Total IgE 0.30 (—0.4 to 1.0) 41 0.14 (—0.2 to 0.5) 43
B-eosinophils 0.14 (—0.3 to 0.6) 51 0.23 (—0.02 to 0.4) 13
FeNO 0.71 (0.4 to 1.0) <.001 0.10 (—0.1 to 0.3) 27
sRaw —0.13 (=0.3 to 0.1) .16 0.00 (—0.1 to 0.1) .99
B-reversibility 0.01 (—=0.1 to 0.1) .90 0.01 (—0.03 to 0.1) 47
Cold dry air challenge} 0.05 (—=0.1 to 0.2) 54 0.07 (—0.01 to 0.2) .07

Inflammatory rhinitis is defined as rhinitis with nasal eosinophilia, noninflammatory rhinitis as rhinitis without nasal eosinophilia.
*Specific IgE > 0.35 kU/L for at least 1 of 7 food allergens (hen’s egg, cow’s milk, fish, wheat, peanut, soybean, shrimp).
TThe relative change in sRaw before and after bronchodilator.

{The relative change in sRaw before and after cold dry air hyperventilation.
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TABLE E5. Comparison of asthma in children with allergic rhinitis and nonallergic rhinitis versus controls

Asthma and allergic Asthma and nonallergic
Controls vs: N = 169 rhinitis N = 8 rhinitis N = 13
Variables B-coefficient (95% Cl) P value B-coefficient (95% Cl) P value
FeNO 0.40 (0.03 to 0.8) .03 —0.12 (—0.5 t0 0.2) 47
Baseline sRaw 0.25 (0.1 to 0.5) .01 0.17 (0.01 to 0.3) .04
B,-reversibility* 0.18 (0.1 to 0.3) .001 0.01 (0.1 to 0.1) .80
Cold dry air challengef 0.18 (0.02 to 0.4) .05 0.12 (—0.04 to 0.3) 13

*The relative change in sRaw before and after bronchodilator.
TThe relative change in sRaw before and after cold dry air hyperventilation.
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TABLE E6. Significant characteristics of allergic and nonallergic rhinitis adjusted for filaggrin null-mutations

Allergic rhinitis vs controls

Nonallergic rhinitis vs controls

Phenotypic Crude Adjusted for FLG* mutations Crude Adjusted for FLG mutations
characteristic OR (95% ClI) P value OR (95% Cl) P value OR (95% Cl) P value
Current asthma 5.0 (1.8-14.0) .002 4.6 (1.9-11.4) .001 5.1 (2.0-13.0) .001
Eczema ever 2.5 (1.2-5.1) .01 - - - -
Food sensitization* 4.5 (2.1-9.4) <.001 - - - -
B-coefficient (95% ClI) P value B-coefficient (95% CI) P value B-coefficient (95% Cl) P value B-coefficient (95% CI) P value
Total-IgE 1.34 (0.9-1.8) <.001 - - - -
Blood eosinophil count 0.38 (0.1-0.6) .01 0.31 (0.04-0.6) - - - -
FeNO 0.62 (0.4-0.8) <.001 - - - -
Cold dry air challengef 0.14 (0.04-0.2) .008 - - - -

FLG, Filaggrin null-mutations: R50/X or 2282del4.

*Food sensitization, specific IgE > 0.35 kU/L for at least 1 of 7 food allergens (hen’s egg, cow’s milk, fish, wheat, peanut, soybean, shrimp).

FCold dry air challenge, the relative change in sRaw before and after cold dry air hyperventilation.
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