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ABSTRACT

Background: Allergic diseases are an important health problem for children and adults. It is important to know how allergic diseases develop and remit
from infancy to adolescence. Early intervention is effective in treating allergic diseases.

Objective: We performed a large-scale questionnaire survey of high school students in Fukui Prefecture, Japan, and analyzed the factors associated with
the development and remission of allergic diseases.

Methods: A total of 21,802 students participated in the epidemiologic survey, and the valid response rate was 89.3% (19,461). We applied an inverse
probability weighting method with propensity scores.

Results: The present prevalence rate of allergic rhinitis (AR) was 19.2%. The remission rate of AR was 15.3%. Only children and firstborns had a
significantly higher risk of developing symptoms of allergic diseases [only child: AR, 1.37; bronchial asthma (BA), 1.30; food allergy (FA), 1.33 and firstborn:
AR, 1.38; BA, 1.10]. Constipation was an associated factor for development of atopic dermatitis (AD) (1.17) and AR (1.17), regular intake of lactic acid bacteria
was not an associated factor for development of allergic diseases but was a factor for remission of AD (1.22). Hypohidrosis was an associated factor for
development of AD (1.25). High academic performance was an associated factor for development of AR (1.20) but was a negative factor for development of BA
(0.89). The values in parentheses are significant adjusted odds ratios.

Conclusion: This epidemiologic survey showed that the hygiene hypothesis and intestinal bacterial flora might influence the development of symptoms and

remission of allergic diseases.

llergic diseases are an important global health problem for children
and adults.! Although it is rare to die from an allergic disease,
symptoms persist for a long time, and the disease has an adverse effect
on work, everyday life, and quality of life.> Furthermore, allergic diseases
have a significantly worse effect on labor productivity compared with
hypertension or type 2 diabetes mellitus.>->
Allergic diseases have mutual relevance, so the concept of allergic
march has been advocated. Allergy march is defined as the progres-
sion of allergic diseases in infancy from food allergy (FA) and atopic
dermatitis (AD) to bronchial asthma (BA) and allergic rhinitis (AR).
During this march, both the offending allergens and the affected
organs change.® It is important to know how allergic diseases develop
and remit from infancy to adolescence, to elucidate their pathophys-
iology. In addition, early intervention and lifestyle guidance are ef-
fective in treating allergic diseases.
In 1991, the International Study of Asthma and Allergic Diseases in
Childhood (ISAAC) established a standardized methodology to com-
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pare the prevalence and severity of BA and atopic diseases in children.”
The prevalence of allergic diseases in children has been comprehensively
studied worldwide due to the standardized and translated versions of
ISAAC based on written and/or video questionnaires.80 The ISAAC
phase-I study demonstrated major worldwide variations in the preva-
lence of symptoms of BA, AR (rhinoconjunctivitis), and AD in chil-
dren.!12 More than 700,000 children were included in the study: 257,800
from 6 to 7 years old and 463,801 from 13 to 14 years old. The ISAAC
phase-III study involved repeating the phase-I survey after 5-10 years to
examine trends in the prevalence of the three conditions and included
new centers to expand the coverage of world prevalence maps for these
conditions.!%'> However, although a worldwide epidemiologic survey of
allergic diseases has been conducted, there has been little investigation
on high school-age students. Moreover, there have been only a few
epidemiologic reports that analyzed the factors associated with the de-
velopment and remission of allergic diseases.

We performed a large-scale questionnaire survey of high school
students and analyzed the factors associated with the development
and remission of allergic diseases.

MATERIALS AND METHODS

Subjects

All students attending high school in Fukui Prefecture, Japan, were
studied. Fukui Prefecture has a population of 794,043 (as of January
2014). The number of high schools in Fukui is 37. Two schools out of
37 did not participate in this study. The two schools were a part-time
evening high school and a small special education high school. A total
of 21,802 students participated in the survey. Because the proportion
of junior high school students going on to high school in Fukui
Prefecture is 98.6%,'* we could investigate approximately 90% of the
persons of high school age in Fukui Prefecture. The number of valid
responses was 19,461 (89.3%).
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Questionnaire

Each student completed a self-administered questionnaire between
December 2012 and January 2013. The questionnaire included a com-
puter-scored answer sheet. The questionnaire included items on the
following: age, past history of allergic diseases (FA, AD, BA, and AR),
present allergic diseases, remission of allergic diseases, gender, blood
type, sibling status (only child or not; birth order), family history of
allergic diseases, history of pet exposure, presence of abnormal bowel
movement, intake of lactic acid bacteria, exposure to passive smoking,
presence of dyshidrosis, and exercise habits. In regards to the
presence of allergic diseases, each specialist (otorhinolaryngolo-
gist, allergist, and dermatologist) diagnosed AR, BA, FA, and AD
by data of antigen specific IgE or prick test. Self-diagnosis was
excepted. About intake of lactic acid bacteria, those who are taking
more than one bottle of yogurt or lactic acid bacteria beverage in
five days or more of a week were considered as “regular intake.”
In regards to the student’s academic performance, it was classified
according to the academic ability level of their high school. This is
because the high school students are distributed strictly according
to the ranking of the achievement test in Japan. The questionnaires
were distributed to students via their schools. In the collection of
questionnaires, assistance was received from the Prefectural Asso-
ciation of High School Principals.

Statistical Analysis

Responses that do not have any missing data in all items required
for analysis of the questionnaire were considered as valid responses.
Differences in incidence, prevalence, and remission rates between
diseases were compared using x> tests. We applied a weighted re-
gression analysis using the inverse probability weighting method
with propensity scores and calculated adjusted odds ratios of the
factors associated with the development and remission of allergic
diseases.!> The propensity score model was estimated using a logistic
regression model that adjusted for the patient characteristics listed in
Table 1: age, gender, blood type, residential area, sibling status (only
child or not; birth order), family history of allergic diseases, history of
pet exposure, presence of abnormal bowel movement, intake of lactic
acid bacteria, exposure to passive smoking, presence of dyshidrosis,
exercise habits, and academic performance. There were 16 possible
variables, and also when dummy variables were included, there were
34 variables, which were chosen for their potential association with
the outcome of interest based on clinical knowledge. We followed
standard methods to estimate sample size for multiple logistic regres-
sion, with at least 10 outcomes needed for each included independent
variable. For example, with an expected event rate of at least 5%, we
required 6800 subjects (340 events) to appropriately perform multiple
logistic regression with 34 variables. Thus, the sample size of this
study was sufficient. Model discrimination was assessed with c-sta-
tistics, and model calibration was assessed with Hosmer-Lemeshow
statistics.

Statistical analysis was performed using R version 2.13.1 for Ma-
cOSX GUI 1.40-devel Leopard build 64-bit (R-project, http:/ /www.r-
project.org/). p < 0.05 was considered statistically significant.

Ethical Issues

This study was approved by the research ethics committee of the
University of Fukui. We obtained authorization from the Fukui Pre-
fecture Education Board to conduct the study as well as the consent of
the school principals.

RESULTS
Study Population and Prevalence and

Remission Rates

The characteristics of participating students are shown in Table
1. The overall incidence rate of allergic disease was 37.6%, with
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Table 1. Characteristics of subjects

Explanatory Variable Number of Students (%)

Age
15 years old
16 years old
17 years old

2113 (9.7%)
7269 (33.3%)
6914 (31.7%)

=18 years old 5243 (24.0%)
Sex

Male 10896 (50.0%)

Female 10464 (48.0%)
Blood type

Type A 8213 (37.7%)

Type B 4473 (20.5%)

Type O 6071 (27.8%)

Type AB 1972 (9.0%)

Area of residence

Northern region of Fukui 17959 (82.4%)

Southern region of Fukui 3843 (17.6%)
Sibling status

Only child 1630 (7.5%)

Firstborn 9310 (42.7%)
Family history

AD 2520 (11.6%)

AR 4170 (19.1%)

BA 1987 (9.1%)
Exposure to pets

Dog 7331 (33.6%)

Cat 3646 (16.7%)

Others 7215 (33.1%)
Abnormal bowel movement

Constipation 4773 (21.9%)

Diarrhea 792 (3.6%)

Lactic acid bacteria
Regular intake
Passive smoking
Exposure (current or past)

4590 (21.1%)

14385 (66.0%)

Dyshidrosis
Hyperhidrosis 6358 (29.2%)
Hypohidrosis 1915 (8.8%)

Partial hyperhidrosis
Exercise habits

Currently exercise
Academic performance

1951 (8.9%)

9581 (43.9%)

High group 7991 (36.7%)
Middle group 6487 (29.8%)
Low group 7324 (33.6%)

28.5% of students having two or more diseases. The incidence rate
from birth to the present was 14.3% for AD, 22.6% for AR, 8.8% for
BA, and 5.7% for FA. The present prevalence rate was 7.3% for AD,
19.2% for AR, 2.8% for BA, and 2.8% for FA (Fig. 1). The incidence
and prevalence rates of AR were significantly higher than those of
other diseases (p < 0.001). In AD, AR, and FA, it was shown that
the incidence and prevalence rates of female students were higher
than those of male students. The remission rate from birth to the
present was 49.2% for AD, 15.3% for AR, 68.1% for BA, and 50.1%
for FA (Fig. 2). The remission rate of AR was significantly lower
than that of other diseases (p < 0.001).

Factors Associated with Development

The main factors associated with the development of allergic
symptoms are as follows: male (AR, 1.20; BA, 1.31; FA, 0.80), only
child (AR; 1.37; BA, 1.30; FA, 1.33), firstborn (AD, 0.89; AR, 1.38;
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Figure 1. (A) The incidence rate of allergic diseases from birth to the
present. (B) The present prevalence rate of allergic diseases. x* test showed
that the incidence and prevalence rates of AR were significantly higher than
those of other diseases. ***, p < 0.001.
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Figure 2. The remission rate of allergic diseases from birth to the present. x*
test showed that the remission rate of AR was significantly lower than that
of other diseases. ***, p < 0.001.

BA, 1.10), family history of same disease (AD, 4.19; AR, 6.02; BA,
4.48), constipation (AD, 1.17; AR, 1.17), exposure to passive smok-
ing (AD, 0.90; BA, 1.11), hyperhidrosis (AD, 0.89; AR, 1.08), hypo-
hidrosis (AD, 1.25; FA, 1.44), and high academic performance (AR,
1.20; BA, 0.89). The values in parentheses are significant adjusted
odds ratios (Table 2).
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Factors Associated With Remission

The main factors associated with remission of symptoms are as
follows: only child (BA, 1.96), firstborn (AD, 1.18), family history of
same disease (AD, 0.49; AR, 0.50; BA, 0.48), regular intake of lactic
acid bacteria (AD, 1.22), and hyperhidrosis (BA, 0.77). The values in
parentheses are significant adjusted odds ratios (Table 3).

DISCUSSION

We previously conducted a survey of 1540 people aged 2049 years in
Fukui City, Japan, between 2006 and 2007 that indicated 69.7% of the
adult population was positive for one of seven aeroallergen-specific IgEs
(Japanese cedar pollen, two types of mites, ragweed, orchard grass,
aspergillum, and candida) and found an AR prevalence of 44.2%.11¢ The
prevalence of AR in adults has increased by 10% during the last 10 years.
The Allergic Disease Surveillance Committee of the Ministry of Educa-
tion, Culture, Sports, Science and Technology in Japan examined the
prevalence of allergic diseases in 2004. In high school students, the
prevalence rates were as follows: 4.0% for AD, 9.1% for AR, 3.6% for BA,
and 1.9% for FA."7 The prevalence rates of this study were higher in
every disease type, especially AR, compared with those of Ministry of
Education, Culture, Sports, Science and Technology. In another investi-
gation of changes over the years, the prevalence rates of allergic diseases
also showed an increase during the past 10 years.

The reported inverse relationship between allergic disease and num-
ber of siblings, birth order, and number of older siblings has been well
established.'®!° This association was first described by Strachan in 1989,
and he theorized that allergic diseases may be prevented by infections
during childhood, passed between siblings by unhygienic contact, which
he called “the hygiene hypothesis.” There is some evidence that infec-
tions are related to family size and siblings. Furthermore, there is some
support for a direct protective effect of infections against allergic dis-
eases, but this has not been consistently reported by all studies.?!?? In this
study, only children and firstborns had a significantly higher risk of
developing the symptoms of allergic diseases, and it might have been the
result of the hygiene hypothesis.

Although constipation was an associated factor for the develop-
ment of AD and AR, regular intake of lactic acid bacteria was not a
factor for development of the diseases and was only a factor for
remission of AD. There have been reports that probiotics are effective
in the prevention and treatment of AD compared with other allergic
diseases.?> Compared with other allergic diseases, the development of
AD symptoms is earlier, and symptoms of AD usually remit by
adolescence.?* Furthermore, the morbidity of AD differed with other
diseases, which may be due to the relationship between indigenous
bacteria of skin and intestinal bacterial flora as well as the fact that the
main region of inflammation is not the respiratory mucous membrane
but the skin. There was not enough evidence that probiotics play a
role in the treatment of allergic airway diseases, such as AR and BA.
This is consistent with recent findings that probiotic supplementation
can protect infants attending childcare facilities against episodes of
diarrheal illness and fever but does not protect them against respiratory
illness.?> The effects of probiotic supplementation are likely to be most
marked in gastrointestinal disorders, or in related allergic diseases, such
as AD associated with FA. Given the relative instability of the composi-
tion of infant intestinal microbiota, and the importance of FA in infants
with AD, the role of probiotics in allergic disease treatment may be
limited to AD and FA in young children. The heterogeneity of probiotic
intake, in particular the diversity of probiotic strains, the given dosage
and forms of administration, and the commencing time of ingestion
make interpretation difficult. Metaanalyses and systematic reviews
showed that probiotics cannot be recommended generally for primary
prevention of atopic disease.?¢ Further studies are needed to clarify the
role of probiotics in AD treatment.

A factor for development of AD is hypohidrosis. Although the
pathophysiology of AD is not fully known, it involves a complicated
interaction of environmental and genetic factors that induce the ab-
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normalities in the structure and function of the epidermal barrier and
immune system.?” The skin barrier of AD patients is known to be
damaged in both eczematous lesions and also in clinically unaffected
skin. Nonlesional skin of patients with AD is thus not normal healthy
skin but is characterized by a subclinical eczema reaction and a
disturbed barrier function not visible to the naked eye, but which can
be detected instrumentally. Therefore, the use of moisturizers is con-
sidered standard therapy for the treatment of AD.?8 The purpose is to
improve dry skin with decreased barrier functions and also to prevent
recurrence of inflammation. Previous randomized controlled studies
showed that moisturizer use reduced the amount of topical cortico-
steroid use.? It has been suggested that AD can be prevented in
children who sweat less and have dry skin, when the skin is kept
clean, and skin moisture is kept at a suitable level.

High academic performance was a factor for development of AR and
was a negative factor for development of BA. Because the symptoms of
BA are manifested earlier than those of AR and develop at a time that
interferes with fundamental learning, development of BA symptoms
may have caused a fall in academic performance. However, excluding
the explanatory variables used for this analysis, factors such as living
environment, eating habits, sleeping hours, antimicrobial drug use, in-
come of parents, and stress may be involved with academic perfor-
mance, which we should take into consideration.

In observational studies, such as this study, exposure allocation is
frequently influenced by subject characteristics. Therefore, there often
exist systematic differences between exposure groups in observa-
tional studies. We must use statistical methods to remove or minimize
the effect of this confounding, so that valid inferences about exposure
effect can be drawn from observational studies. Propensity score
methods are increasingly being used to reduce or minimize the con-
founding that occurs frequently in observational studies of the effect
of treatment or exposure on outcomes. The propensity score is the
probability of exposure assignment conditional on measured baseline
covariates. Conditioning on the propensity score results in unbiased
estimates of linear exposure effects.3

In conclusion, the results of this epidemiologic survey suggest that
several factors in addition to “hygiene hypothesis” (birth order and
size of sibling) and intestinal condition seem to be influential in the
development of symptoms and remission of allergic diseases. By
intervening at an early stage of childhood, development of symptoms
of allergic diseases, from infancy to adolescence, may likely be con-
trolled. However, because the morbidity and pathophysiology of each
disease are different, further research is needed.
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