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Background: Allergic rhinitis is one of the most common chronic diseases in children. Although it has a
large impact on the patient's quality of life, little is known about the factors associated with its severity.
The aim of this study was to assess the factors associated with the severity of rhinoconjunctivitis among
children in the general population.
Methods: A survey was conducted using an online research panel in 2012. Parents were asked to
answer an International Study of Asthma and Allergies in Childhood-based questionnaire to identify
children with current rhinoconjunctivitis and evaluate factors associated with the severity of its
symptoms. Severity was rated according to the degree of impairment caused by the symptoms in the
patient's daily life.
Results: Among 26,725 children aged 6e12 years old, rhinoconjunctivitis was defined in 5175 (19.4%),
and of these, 688 children (13.3% of children with current rhinoconjunctivitis) presented severe symp-
toms. Living in areas with a high cedar and cypress pollen count and having concurrent eczema were
associated with severe rhinoconjunctivitis [adjusted OR (95% CI): 1.21 (1.00e1.46) and 1.45 (1.20e1.75),
respectively]. Further, a maternal history of asthma and allergic rhinitis was a significant risk factor for
severe rhinoconjunctivitis [1.34 (1.04e1.74) and 1.30 (1.10e1.53), respectively]. However, living with fur-
bearing animals (pets) before 1 year of age proved to be a protective factor against severe rhino-
conjunctivitis [0.70 (0.52e0.94)].
Conclusions: Environmental factors such as pets and pollen, together with comorbidities and a maternal
history of allergic diseases, play an important role in determining the severity of rhinoconjunctivitis.
Copyright © 2015, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Allergic rhinitis is characterized by rhinorrhea, sneezing, nasal
obstruction, and nasal itching. It is frequently accompanied by
ocular symptoms, collectively referred to as allergic conjunctivitis.1

Most of the patients developed symptoms of allergic rhinitis before
20 years of age with 40% becoming symptomatic by the age of 6.2

The International Study of Asthma and Allergies in Childhood
(ISAAC) showed that the prevalence of current rhinoconjunctivitis
in childhood has been on the rise in both developed and developing
countries3 with an average world-wide prevalence of 8.5% for 6-to-
ren's Medical Center, 2-8-29

ida).
ety of Allergology.

rgology. Production and hosting by Else
7-year old children and 14.6% for 13-to-14-year old children in
Phase Three (1999e2004).4

Although allergic rhinitis and conjunctivitis have traditionally
been considered nuisance diseases, recent studies have shown that
they greatly affect quality of life, sleep quality, and cognitive func-
tion in adults and children5e8 while also placing a considerable
economic burden including direct and indirect costs.8e10 Previously
reported risk factors for childhood allergic rhinitis included the
presence of asthma and food allergy, a familial history of allergic
diseases, passive smoking, and living in an urban area.11e13 How-
ever, in contrast to asthma, few studies have evaluated the factors
affecting the severity of allergic rhinitis and conjunctivitis.14,15

Assessing the factors influencing the severity of childhood allergic
rhinitis and conjunctivitis may lead to prevention or more effective
treatment. We therefore analyzed these factors using a nation-
wide, web-based survey.
vier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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Methods

Study design

A cross-sectional nation-wide survey was conducted using the
Macromill online research system (MACROMILL, Inc., Tokyo, Japan),
which maintains one of the largest research panels in Japan.16 A
total of 35,000 families with children aged 6e18 years were
randomly selected from the research panel and asked to complete
an online questionnaire from May to June, 2012. The questionnaire
collected information about the general characteristics (such as age,
sex, bodyweight, height, family history, and environmental factors)
and the allergic symptoms of the respondents' children. The par-
ents were asked to complete one questionnaire for each child in
their family. In order to identify the factors influencing the severity
of childhood rhinoconjunctivitis, children from 6 to 12 years of age
were enrolled in this study.

The study protocol was approved by the independent review
board of the Tokyo Metropolitan Children's Medical Center. All
parents were provided with an online explanation of the purpose
and the procedure of the study, and gave informed consent before
proceeding to the questionnaire.
Questionnaire and definitions

The questions used in the web-based survey were derived from
the Japanese version of the ISAAC core questions for young children
(6e7 years).16,17 According to the definition of the ISAAC,4 the
presence of current rhinoconjunctivitis can be established on the
basis of positive answers to both of the following questions: ‘In the
past 12 months, has your child had a problem with sneezing, or a
runny or blocked nose when he/she did not have a cold or the flu?’
and ‘In the past 12 months, has this nose problem been accompa-
nied by itchy-watery eyes?’ In children with current rhino-
conjunctivitis, the severity of the condition was assessed on the
basis of the response to the question: ‘In the past 12 months, how
much did this nose problem interfere with child's daily activities?’
with ‘a lot’ indicating severe, and ‘not at all,’ ‘a little,’ and ‘a mod-
erate amount’ indicating mild to moderate rhinoconjunctivitis. In
children with current rhinoconjunctivitis, a ‘perennial’ symptom
was defined as a symptom experienced by the patient for more
than 9 months in a year.2 History of pollinosis was established on
the basis of the answer to the question: ‘Has your child ever had
pollinosis?’
35,000 families were randomly selected 
nationwide and invited to participate

2,837 families failed to respond

32,163 families (49,096 children) 
responded to the questionnaire

20,753 children over 13 years 
of age were not enrolled
Pollen data

The pollen counts for Japanese cedar and Japanese cypress,
which are the major causes of pollinosis in Japan,9,18 were down-
loaded from a website of the Ministry of the Environment (http://
www.env.go.jp/press/files/jp/18898.pdf). Exposure to these pol-
lens was categorized into tertiles according to the average pollen
count in each prefecture in 2012.
26,725 children from 6 to 12 years 
of age were enrolled

5,175 children presented 
current rhinoconjunctivitis

21,550 children did not present
current  rhinoconjunctivitis

1,618 children with incomplete 
data were excluded

Fig. 1. Flow chart of the study subject.
Statistical analysis

For comparison, the chi-square test was used for categorical
variables and the ManneWhitney U test was used for continuous
variables. Univariate and multivariate logistic regression analyses
were used to assess the association between each variable and the
severity of the disease. A p-value of <0.05 was considered statis-
tically significant. All analyses were performed using the SPSS
package version 19 (IBM Corp, Armonk, NY, USA).
Results

The prevalence of current and severe rhinoconjunctivitis

Among the 35,000 recruited families, 32,163 (49,096 children
aged 6e18 years) responded to the survey (response rate, 91.9%)
(Fig. 1).

After excluding incomplete data, 5175 of the total of 26,725
children between 6 and 12 years of age had current rhino-
conjunctivitis. A significant difference was detected between chil-
dren with and without current rhinoconjunctivitis in terms of sex,
age, birth weight, birth order, daycare attendance during infancy,
pollen counts in the prefecture of residence, presence of current
wheeze, presence of current eczema, and a familial history of
allergic diseases (Table 1). Among the 5175 children with current
rhinoconjunctivitis, 688 (13.3%), 439 (8.5%) and 3933 (76.0%) were
assessed as having severe rhinoconjunctivitis, perennial symptoms,
and a history of pollinosis, respectively. Sex was not significantly
associated with severity (p ¼ 0.10). Perennial symptoms and a
history of pollinosis were significantly associated with the severity
of symptoms (p < 0.01, both) (Table 2).

Multivariate assessment of factors affecting severity

Low birth weight, mode of delivery, birth order, duration of
breast-feeding, passive smoking, and daycare attendance during
infancy did not show any significant associationwith the severity of
rhinoconjunctivitis (Table 3). Children who began living with fur-
bearing animals (pets) before 1 year of age were significantly less
likely to experience severe rhinoconjunctivitis than those who had
not, demonstrating that fur-bearing pet ownership before 1 year of
age was a significant protective factor according to the results of
multivariate analysis (adjusted OR 0.70, 95% CI 0.52e0.94). On the
other hand, univariate analysis showed that children who began
living with furry pets after 1 year of age were significantly more
likely to experience severe rhinoconjunctivitis than those who had
never done so (p ¼ 0.04), but not after adjusting other study vari-
ables (adjusted OR 1.19, 95% CI 0.96e1.48). Children living in areas
with a high cedar and cypress pollen count (�3317/mm3) were
significantly more likely to experience severe rhinoconjunctivitis
than those living in areas with a low cedar and cypress pollen count
(�1921/mm3) (adjusted OR 1.21, 95% CI 1.00e1.46, p ¼ 0.048).

Multivariate analysis showed that severe rhinoconjunctivitis
was significantly associated with the comorbidity of eczema

http://www.env.go.jp/press/files/jp/18898.pdf
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Table 1
Characteristics of children aged 6e12 years in a nation-wide survey.

Total (N ¼ 26,725) Children with CRC (N ¼ 5175) Children without CRC (N ¼ 21,550) p-value*

Sex (boys) (n, %) 13,454 50.3 2744 53.0 10,710 49.7 <0.01
Age (years) (mean ± SD) 8.9 ± 2.0 9.3 ± 2.0 8.8 ± 2.0 <0.01
Birth weight
�2500 g (n, %) 23,062 86.3 4513 87.2 18,549 86.1 0.04
<2500 g (n, %) 3663 13.7 662 12.8 3001 13.9

Mode of birth delivery
Vaginal delivery (n, %) 22,402 83.8 4348 84.0 3496 16.2 0.69
Caesarean section (n, %) 4323 16.2 827 16.0 18,054 83.8

Birth order
First child (n, %) 14,951 55.9 3212 62.1 11,739 54.5 <0.01
Subsequent child (n, %) 11,774 44.1 1963 37.9 9811 45.5

Breast-feeding
Less than 6mo (n, %) 14,560 54.5 2875 55.6 11,685 54.2 0.09
More than 6mo (n, %) 12,165 45.5 2300 44.4 9865 45.8

Furry pet ownership
No (n, %) 19,724 73.8 3774 72.9 15,950 74.0 0.23
From before age 1 (n, %) 2960 11.1 582 11.2 2378 11.0
From after age 1 (n, %) 4041 15.1 819 15.8 3222 15.0

Daycare during infancy (n, %) 2137 8.0 349 6.7 1877 8.3 <0.01
Paternal smoking (n, %) 7779 29.1 1489 28.8 6290 29.2 0.56
Maternal smoking (n, %) 2754 10.3 520 10.0 2234 10.4 0.51
Pollen counts in living area
1st (�1921/mm3) (n, %) 14,704 55.0 2880 55.7 11,824 54.9 <0.01
2nd (�1928 � 3128/mm3) (n, %) 5991 22.4 1011 19.5 4980 23.1
3rd (�3317/mm3) (n, %) 6030 22.6 1284 24.8 4746 22.0

Current wheeze (n, %) 2902 10.9 947 18.3 1955 9.1 <0.01
Current eczema (n, %) 3573 13.4 1152 22.3 2421 11.2 <0.01
History of food allergy (n, %) 3076 11.5 1004 19.4 2072 9.6 <0.01
Obesity (�95 percentile) (n, %) 2202 8.2 384 7.4 1818 8.4 0.02
Paternal history of allergy
Asthma (n, %) 1886 7.1 451 8.7 1435 6.7 <0.01
Allergic rhinitis (n, %) 9489 35.5 2512 48.5 6977 32.4 <0.01
Atopic dermatitis (n, %) 1571 5.9 394 7.6 1177 5.5 <0.01

Maternal history of allergy
Asthma (n, %) 1971 7.4 495 9.6 1476 6.8 <0.01
Allergic rhinitis (n, %) 9899 37.0 2859 55.2 7040 32.7 <0.01
Atopic dermatitis (n, %) 2347 8.8 591 11.4 1756 8.1 <0.01

CRC, current rhinoconjunctivitis.
* Chi-square test was used to compare categorical variables and ManneWhitney U test was used for continuous variables.
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(adjusted OR 1.45, 95% CI 1.20e1.75), but not with the comorbidity
of wheeze. Amaternal history of asthma and allergic rhinitis was an
independent risk factor for severe rhinoconjunctivitis {adjusted OR
(95% CI): 1.34 (1.04e1.74) and 1.30 (1.10e1.53), respectively},
although a paternal history of asthma and allergic rhinitis did not
demonstrate a significant association with the severity of allergic
rhinoconjunctivitis.

Discussion

Our study demonstrated that several factors were associated
with the severity of childhood rhinoconjunctivitis in the general
population, a finding corroborated by other reports. A Spanish
study demonstrated that children with severe rhinitis were more
likely to suffer from conjunctivitis, asthma, and atopic derma-
titis.14 An Italian study of children recruited at a clinic showed that
the severity of pollen-induced allergic rhinitis was associated with
paternal smoking, having older siblings, asthma, and oral allergy
syndrome, but not with a familial history of allergic diseases.15

Our study discovered that environmental factors such as expo-
sure to furry pets in infancy and the pollen count in the area of
residence were associated with the severity of childhood
rhinoconjunctivitis.

Pollen is one of the major environmental factors influencing
allergic diseases. Japanese cedar and Japanese cypress are major
causes of pollinosis in Japan, where more than 90% of pollinosis
patients experience moderate to severe rhinitis according to
Allergic Rhinitis and its Impact on Asthma.19 We have reported that
cedar and cypress pollen counts were positively associatedwith the
prevalence of current rhinoconjunctivitis among Japanese school
children.18 In this study we showed that 89.1% childrenwith severe
rhinoconjunctivitis had a history of pollinosis. Although generally,
not much data are available regarding the association of pollen
exposure with the severity of rhinitis and/or conjunctivitis, the
present study has shown that cedar and cypress pollen counts were
associated with the severity of rhinoconjunctivitis among children
in Japan. An Italian study of children with pollen-induced allergic
rhinitis showed that children in Central and Southern Italy expe-
rienced a higher frequency of moderate to severe rhinitis and were
more frequently sensitized to olive, cypress, and pellitory pollens
than those in Northern Italy.15 Pollens might affect the severity of
rhinitis and/or conjunctivitis in many regions of the world.

By contrast, exposure to fur-bearing pets, which are also one of
the major environmental factors influencing allergic diseases, was
found to be a protective factor against severe rhinoconjunctivitis.
However, there was no significant association between the pres-
ence of current rhinoconjunctivitis and the ownership of furry pets,
a finding that accords with the result of a pooled analysis from 11
European birth cohorts.20 A Dutch study showed that exposure to
pets in the first two years of life was not associated with the
development of current rhinitis or hay fever, but was inversely
associated with sensitization to outdoor allergens in school-age
children.21 Pet ownership in infancy may not influence the devel-
opment of rhinoconjunctivitis, but be a protective factor against



Table 2
Characteristics of children in this study.

Children with mild to moderate rhinoconjunctivitis (N ¼ 4487) Children with severe rhinoconjunctivitis (N ¼ 688) P-value*

Sex (boys) (n, %) 2359 52.6 385 56.0 0.10
Age (years) (mean ± SD) 9.2 ± 2.0 9.6 ± 1.9 <0.01
Perennial symptoms

(More than 9 mo.
of the year) (n, %)

336 7.5 103 15.0 <0.01

History of pollinosis (n, %) 3320 74.0 613 89.1 <0.01

* Chi-square test was used comparing for categorical variables and ManneWhitney U test was used for continuous variables.
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sensitization to pollens leading to the reduced severity of
rhinoconjunctivitis.

The severity of symptoms was significantly associated with a
history of asthma and allergic rhinitis in the child's mother, but not
the father. A few studies have reported on the differences between
the effect of maternal and paternal allergic diseases on children's
Table 3
Factors affecting the severity of rhinoconjunctivitis.

Children with severe RC Crude OR
% (n/N)

Birth weight
�2500 g 13.6 (612/4513) 1
<2500 g 11.5 (76/662) 0.83

Mode of birth delivery
Vaginal delivery 13.5 (585/4348) 1
Caesarean section 12.5 (103/827) 0.92

Birth order
First child 13.0 (417/3212) 1
Subsequent child 13.8 (271/1963) 1.07

Breast-feeding
Less than 6mo 13.2 (379/2875) 1
More than 6mo 13.4 (309/2300) 1.02

Furry pet ownership
No 13.1 (496/3794) 1
From before age 1 10.0 (56/562) 0.76
From after age 1 16.6 (136/819) 1.36

Daycare during infancy
No 13.2 (639/4826) 1
Yes 14.0 (49/349) 1.07

Paternal smoking
No 12.9 (475/3686) 1
Yes 14.3 (213/1489) 1.13

Maternal smoking
No 12.9 (602/4655) 1
Yes 16.5 (86/520) 1.33

Pollen counts in living area
1st (�1921/mm3) (n, %) 12.8 (368/2880) 1
2nd (1928e3128/mm3) (n, %) 12.6 (127/1011) 0.98
3rd (�3317/mm3) (n, %) 15.0 (193/1284) 1.21

Current wheeze
No 13.1 (552/4228) 1
Yes 14.4 (136/947) 1.12

Current eczema
No 12.4 (498/4023) 1
Yes 16.5 (190/1152) 1.40

Paternal asthma
No 13.2 (622/4724) 1
Yes 14.6 (66/451) 1.13

Paternal allergic rhinitis
No 12.6 (336/2663) 1
Yes 14.0 (352/2512) 1.13

Maternal asthma
No 12.9 (604/4680) 1
Yes 17.0 (84/495) 1.38

Maternal allergic rhinitis
No 11.6 (268/2316) 1
Yes 14.7 (420/2859) 1.32

RC, rhinoconjunctivitis.
y Adjusted for sex, age, annual family income, obesity and all variables shown.
allergic rhinitis. The results of the Tucson children's respiratory
study showed that a maternal history of physician-diagnosed
allergic diseases only affected children's physician-diagnosed
allergic rhinitis at 6 years of age.22 In contrast, the Isle of Wight
birth cohort study showed that paternal, but not maternal, rhinitis
was significantly associated with childhood rhinitis at all ages.23 An
95% CI p-value Adjusted ORy 95% CI p-value

1 0.21
0.64e1.07 0.14 0.85 0.65e1.10

1 0.60
0.73e1.15 0.44 0.94 0.75e1.18

1 0.64
0.91e1.27 0.40 1.04 0.88e1.23

1 0.47
0.87e1.20 0.79 1.06 0.90e1.25

1
0.62e0.93 <0.01 0.70 0.52e0.94 0.02
1.02e1.81 0.04 1.19 0.96e1.48 0.11

1 0.78
0.78e1.46 0.67 1.05 0.76e1.44

1 0.39
0.95e1.34 0.17 1.09 0.90e1.31

1 0.06
1.04e1.71 0.02 1.29 0.99e1.68

1
0.79e1.22 0.86 0.95 0.77e1.19 0.66
1.00e1.46 0.049 1.21 1.00e1.46 0.048

1 0.76
0.91e1.37 0.29 1.04 0.84e1.28

1 <0.01
1.17e1.68 <0.01 1.45 1.20e1.75

1 0.52
0.86e1.49 0.38 1.10 0.83e1.45

1 0.13
0.96e1.33 0.14 1.13 0.96e1.34

1 0.03
1.07e1.77 0.01 1.34 1.04e1.74

1 <0.01
1.12e1.55 <0.01 1.30 1.10e1.53
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Italian study showed that the severity of pollen-induced allergic
rhinitis among childrenwas not associatedwith either a paternal or
maternal history of allergic diseases.15 The differences in these
parental effects might be traceable to genetic or epigenetic factors
associated with prenatal and postnatal environments. Further
studies are needed to clarify the effect of parental allergic diseases
on the severity of childhood allergic rhinoconjunctivitis.

This survey previously showed that the severity of rhinitis was
associated with asthma control in patients with both current
asthma and rhinitis.16 However, the results of this analysis showed
that the severity of rhinoconjunctivitis was not significantly asso-
ciated with current wheeze. Whether the severity of rhinitis is
associated with allergic comorbidities in patients with allergic
rhinitis is still debated. An Italian survey24 and a population-based
study in six Western Europe countries25 have showed no associa-
tion between the severity of rhinitis and concomitant asthma
similar to our results, whereas some studies have reported a sig-
nificant association between the two conditions.14,26,27 The differ-
ences in the results of these studies might be explained by the
characteristics of the study subjects and the analytical methodol-
ogy used, such as the definition of the severity of rhinitis and co-
founders. On the other hand, the results of our analysis showed that
the severity of rhinoconjunctivitis was significantly associated with
current eczema, which was in line with a Spanish study.14 This
association in our study might be due to the high proportion of
children with pollinosis among those with severe rhinoconjuncti-
vitis, since Japanese cedar pollen is an exacerbation factor for
allergic skin diseases in patients with Japanese cedar pollinosis.28,29

Our study may have suffered from some limitations. The defi-
nition of allergic disease and the assessment of the severity of
rhinoconjunctivitis were based on parental reports without sensi-
tization testing or treatments for rhinitis and conjunctivitis.
Although the definition of current rhinoconjunctivitis based on the
ISAAC questionnaire was strongly associated with sensitization to
allergens in general,30 the severity of rhinoconjunctivitis might
have been influenced by sensitization to the allergens and the
treatments. Furthermore, the differences between the factors
associated with the severity of rhinoconjunctivitis in children with
and without pollinosis were not analyzed, because almost all
children with severe rhinoconjunctivitis had a history of pollinosis.
The strengths of our study were the large sample size and the high
response rate among the general population. The latter in particular
was assisted by the use of the web-based ISAAC questionnaire,
which enabled easy access to a broad cross-section of the popula-
tion. Furthermore, previous studies comparing the web-based
ISAAC questionnaire with its written version have reported that
both approaches yielded equal results and reliability.17,31 These
merits justified the use of the questionnaire in our study.

In conclusion, the severity of childhood rhinoconjunctivitis in
the general populationwas affected by environmental factors along
with a familial history of allergic diseases and comorbidities.
Further understanding of these risks and protective factors may
lead to the discovery of new interventions aimed at managing the
disease and improving the quality of life of patients and their
caregivers.
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