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Abstract: The trends in the prevalence of atopic dermatitis for each prefecture over recent years have
not been investigated in Japan, and no studies investigating the factors associated with the prevalence
using nationwide data have been conducted. We investigated the trends in the prevalence of atopic
dermatitis among schoolchildren for each prefecture in Japan from 2006 to 2018 and identified the
factors associated with regional differences in prevalence. The data on the atopic dermatitis preva-
lence in schoolchildren aged 6-17 years were collected as part of the School Health Statistics Research.
The demographic, socioeconomic, medical, and environmental characteristics of the prefectures were
examined for possible associations with the prevalence. The age-standardized prevalence rates of
atopic dermatitis were calculated separately for boys and girls and by prefecture and year. We exam-
ined the associations between the age-standardized prevalence rates and prefectural characteristics
using an ecological study. The age-standardized prevalence rates of atopic dermatitis tended to be
stable for Japan as a whole, whereas the trend in the age-standardized prevalence rates differed across
prefectures. In the regression analysis, the year was negatively associated and the number of medical
clinics per 100,000 persons was positively associated with the age-standardized prevalence in girls.
The taxable income per capita was positively associated with the age-standardized prevalence both
in boys and in girls.
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1. Introduction

Atopic dermatitis is one of the major allergic diseases in the world, and the prevalence
rates for the disease have been shown to vary significantly across different regions of the
world [1-3]. The prevalence rates for atopic dermatitis have been shown to be high in
resource-rich countries [4], and underreporting has been pointed out as a factor explaining
low prevalence rates in some developing countries [5]. Some research has indicated that
the estimated number of patients in Japan with atopic dermatitis has increased somewhat
in recent years, with the estimated number increasing from 384,000 to 513,000 from 2005 to
2017 [6]. In addition, it is known that prevalence is particularly high in early childhood
and decreases in adulthood [1]. It is important to determine the trend in the prevalence of
atopic dermatitis and identify any regional differences in the prevalence among children in
Japan in recent years.

Unfortunately, there have been few studies investigating regional differences in the
prevalence of atopic dermatitis using nationwide data in Japan. The prevalence among
children in prefectures has been estimated in some studies [7-9]; however, changes in
prevalence over recent years for each prefecture have not yet been investigated. Accordingly,
it is not known whether the prevalence of atopic dermatitis is increasing or decreasing
among children in each prefecture in Japan, or whether there have been regional differences
in any changes in the prevalence rates over recent years.
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In addition, there are few studies investigating the factors related to the regional
differences that have been identified in the prevalence of atopic dermatitis in Japan. An
ecological study investigating the factors associated with the prevalence of atopic dermatitis
was conducted in Osaka, one of the prefectures in Japan [10], but no study using nationwide
data has been conducted. Increasing knowledge about possible changes in prevalence
over time for each prefecture and identifying the factors related to any regional differences
in changes in prevalence rates over time could help to lead to more effective, targeted
preventive measures being taken in prefectures where the prevalence of atopic dermatitis
is relatively high. We set out to investigate, in an ecological study, the possible associations
between the prevalence of atopic dermatitis and variables such as the sociodemographic
and medical characteristics of prefectures.

In this study, we investigated the prevalence of atopic dermatitis and changes in
prevalence over time among schoolchildren for each prefecture in Japan. We also aimed to
identify factors associated with any regional differences in prevalence using nationwide
government statistical data by using an ecological study.

2. Materials and Methods

Data from the School Health Statistics Research conducted in Japan from 2006 to 2018
were used [11]. The School Health Statistics Research is conducted every year by the Min-
istry of Education, Culture, Sports, Science, and Technology and examines developmental
and health statuses of schoolchildren in Japan. Target schools are randomly chosen from all
over Japan using prefecture, type of school, and number of children as strata [12]. More
than 7000 schools are surveyed and more than 3 million school children become survey
subjects every year [12]. The diagnosis of atopic dermatitis is conducted by physicians.
Data on atopic dermatitis prevalence among schoolchildren aged 6-17 years by prefecture
and year are available and were used in this study [11].

Demographic, socioeconomic, medical, and environmental characteristics of prefec-
tures were examined for possible associations with atopic dermatitis prevalence. Population
and population density of prefectures were examined as demographic characteristics, the
data for these variables having been obtained from the Ministry of Internal Affairs and Com-
munications and from a survey on nationwide prefectural and municipal areas conducted
by the Ministry of Land, Infrastructure, Transport and Tourism [13].

The proportion of residents receiving public assistance, taxable income per capita, and
the proportion of high-school students going to university were used as socioeconomic
characteristics. Data on number of public assistance recipients were obtained from the
Ministry of Health, Labor and Welfare’s National Survey on Public Assistance Recipients,
and data on taxable income were obtained from a survey on municipal taxation status
from the Ministry of Internal Affairs and Communications [13]. Data on number of high-
school graduates and the number of graduates going to a higher educational institution
were obtained from the School Basic Survey by the Ministry of Education, Culture, Sports,
Science and Technology [13].

The environmental characteristics of prefectures we examined were the annual average
temperature, annual daylight hours, annual average relative humidity, and mean average
annual concentrations of sulfur dioxide (SO;), nitrogen dioxide (NO,), carbon monoxide
(CO), and suspended particulate matter (SPM). Data on annual average temperature,
annual daylight hours, and annual average relative humidity were obtained from the Japan
Meteorological Agency [13]. Data on air pollutant concentrations were obtained from the
Environmental Database of the National Institute for Environmental Studies in Japan [14],
and data on annual average concentration of major air pollutants collected by air pollution
monitoring stations all over Japan are publicly available. We calculated the mean of the
annual average concentration for each municipality, year, and air pollutant, and the mean
of the annual average concentration for each prefecture, year, and air pollutant.

Medical characteristics examined were number of hospitals with an allergy depart-
ment per 100,000 persons, number of hospitals with a dermatology department per
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100,000 persons, and number of medical clinics per 100,000 persons. These data were
obtained from the Survey of Medical Institutions by the Ministry of Health, Labor and
Welfare [13].

For the statistical analysis, age-standardized prevalence rates of atopic dermatitis
were calculated for boys and girls by prefecture and year. Age-specific population data
were obtained from the Census [15], and the population for each age in all of Japan
in 2015 was used as the standard population for the calculation. In addition, annual
percentage change (APC) of the age-standardized prevalence over the analyzed periods
was calculated for each prefecture by sex. A linear regression model was applied for
logarithm of the age-standardized prevalence by using year as an explanatory variable,
and the APC was calculated.

A linear mixed-effects model was used to examine associations between age-standardized
prevalence rates and prefectural characteristics. Age-standardized prevalence was log-
transformed in this analysis because the distribution was right-skewed. The random
intercept and random slope of the year effect for each prefecture were included in the
model. All predictor variables were converted to scaled scores, and a standardized partial
regression coefficient was calculated for each explanatory variable in a multivariate anal-
ysis. Two-sided tests were used, and p-values less than 0.05 were judged as statistically
significant. All statistical data were analyzed by the software R 3.6.3 [16].

3. Results

The age-standardized prevalence rates of atopic dermatitis for each prefecture and
year are shown for boys in Table 1. For Japan as a whole, age-standardized prevalence
tended to be stable across the years examined, but this differed across prefectures. The age-
standardized prevalence increased by more than 1% in the analyzed periods for Hokkaido,
Miyagi, Ibaraki, Tochigi, and Okayama. On the other hand, the prevalence in Fukui, Hyogo,
Tottori, and Kagawa decreased more than 1% in the analyzed periods.

Table 1. Age-standardized prevalence of atopic dermatitis for each prefecture and year for boys.

Year

Prefecture 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
All of Japan 3.2 3.3 3.2 3.1 3.1 3.0 3.0 2.9 3.0 3.2 3.1 3.1 3.3
Hokkaido 3.3 3.0 2.7 3.5 2.2 29 34 2.5 3.8 4.1 4.4 4.4 4.4
Aomori 1.8 1.8 1.6 1.6 1.8 1.6 1.3 1.3 1.1 14 14 1.6 2.0
Iwate 2.3 3.2 3.0 2.7 2.6 NA 2.6 2.1 2.4 2.1 2.0 2.6 3.2
Miyagi 4.3 4.8 45 49 3.9 NA 4.1 4.3 3.9 49 4.6 4.3 6.1
Akita 3.8 4.1 3.8 3.5 3.6 3.5 3.6 3.3 3.6 3.6 3.6 4.0 3.9
Yamagata 4.1 4.0 3.9 4.0 3.3 3.5 3.4 3.8 3.7 43 3.9 4.2 3.8
Fukushima 29 3.3 2.8 29 29 NA 2.7 2.4 3.0 3.2 3.1 29 3.6
Ibaraki 2.7 2.9 3.1 2.8 3.3 3.5 3.6 4.3 4.2 4.3 4.7 54 5.6
Tochigi 2.4 2.9 3.0 2.7 3.0 3.0 2.5 2.9 3.4 2.7 3.1 3.3 3.7
Gunma 2.6 2.6 2.9 29 2.4 2.5 2.2 2.8 2.5 3.0 3.3 2.5 3.3
Saitama 2.1 2.7 2.3 25 2.7 2.8 2.1 1.7 2.2 2.5 1.8 2.7 2.2
Chiba 2.4 2.5 2.8 2.3 2.6 2.7 2.6 3.1 3.2 3.0 2.8 2.8 2.7
Tokyo 3.7 3.8 4.6 3.5 3.8 3.6 3.5 3.1 3.3 4.1 3.6 3.4 3.5
Kanagawa 3.8 2.5 2.4 2.2 2.1 2.3 2.7 2.6 2.4 2.7 2.7 2.7 3.1
Niigata 4.8 5.1 5.0 5.1 4.3 44 5.1 4.0 3.8 43 4.1 43 4.2
Toyama 4.0 3.7 4.2 3.8 4.0 3.5 2.8 2.8 2.6 3.4 3.2 2.7 3.5
Ishikawa 2.8 3.0 2.5 34 3.1 2.5 1.8 2.1 2.3 2.5 2.2 2.0 2.6
Fukui 6.0 6.1 7.0 7.1 6.7 6.6 75 6.5 3.0 2.8 3.7 41 3.8
Yamanashi 3.2 3.1 3.3 2.7 3.3 3.0 2.9 29 3.4 2.6 2.8 2.7 29
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Table 1. Cont.

Year
Prefecture 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Nagano 2.9 3.9 3.7 3.7 4.1 3.5 3.7 3.0 4.1 3.7 4.0 3.3 3.6
Gifu 3.6 4.1 3.8 3.5 3.6 2.6 3.2 3.3 3.3 2.8 3.3 3.7 3.8
Shizuoka 3.9 3.5 3.2 3.6 2.7 2.9 2.3 2.0 2.6 3.3 2.7 2.5 3.0
Aichi 4.8 5.6 5.2 4.8 5.2 5.1 5.0 5.4 4.5 54 4.8 4.7 5.2
Mie 2.4 3.1 3.0 2.5 2.4 2.9 2.7 2.2 3.5 2.1 2.5 2.5 2.7
Shiga 2.7 2.7 3.3 3.0 2.5 2.5 2.6 2.8 2.2 2.8 2.7 2.7 2.8
Kyoto 4.1 4.0 4.0 3.9 4.1 3.1 3.9 3.6 3.9 3.5 3.9 3.9 4.8
Osaka 3.5 3.4 2.7 3.1 2.6 2.8 2.4 2.6 3.1 2.6 2.1 2.2 2.8
Hyogo 3.6 3.3 2.8 3.2 3.0 3.0 2.9 3.3 2.6 2.6 2.9 2.9 2.5
Nara 2.6 29 2.9 3.1 29 3.1 3.1 29 2.6 3.1 2.2 2.7 2.4
Wakayama 2.6 19 2.5 2.2 2.1 2.3 1.8 2.2 2.0 2.5 2.2 2.6 2.2
Tottori 6.9 6.6 6.6 6.7 6.9 6.7 6.0 4.8 4.5 4.8 5.1 49 49
Shimane 5.0 5.1 4.7 4.6 4.8 49 4.6 4.1 4.3 4.7 4.6 4.4 4.7
Okayama 2.8 2.8 3.5 3.6 3.5 2.9 4.1 3.2 3.5 3.9 3.8 3.5 4.0
Hiroshima 3.8 3.9 3.3 3.5 3.9 3.5 3.3 3.1 3.9 3.7 3.2 3.3 3.9
Yamaguchi 3.0 2.7 2.3 29 3.0 2.2 2.3 2.6 2.4 2.6 2.4 2.0 2.6
Tokushima 42 3.8 3.8 3.5 3.8 3.5 4.0 3.5 3.5 3.3 3.9 3.0 3.2
Kagawa 4.3 3.8 4.1 3.6 3.8 3.4 3.3 2.6 3.0 3.0 2.6 2.3 2.8
Ehime 1.8 2.2 1.9 1.9 2.7 2.4 2.3 2.0 2.6 2.8 NA 2.3 2.1
Kochi 2.8 2.4 2.5 29 2.8 2.4 2.5 2.7 24 2.2 2.7 2.6 3.3
Fukuoka 2.4 2.3 2.1 1.7 2.8 2.1 1.7 2.0 2.0 2.1 2.1 2.7 2.0
Saga 2.8 3.1 2.5 2.4 2.4 2.0 2.3 2.6 2.6 2.7 2.7 2.6 2.8
Nagasaki 2.9 2.8 2.4 2.5 3.1 2.8 3.1 2.8 2.6 2.6 2.4 29 3.1
Kumamoto 19 1.9 1.7 1.6 1.6 1.9 1.8 1.8 1.8 1.8 2.0 1.6 19
QOita 1.6 1.3 1.3 1.7 15 15 1.7 2.3 1.9 1.3 1.3 14 1.8
Miyazaki 19 1.5 1.9 14 1.8 1.6 15 1.3 14 1.5 1.6 15 14
Kagoshima 2.0 1.3 1.9 1.3 1.9 1.8 14 1.6 1.6 1.9 1.8 1.8 1.7
Okinawa 1.3 14 1.5 1.7 1.8 15 14 1.5 2.0 1.7 1.9 1.6 1.7

NA, not available.

Table 2 shows age-standardized prevalence rates of atopic dermatitis for each prefec-
ture and year for girls. The rates among girls were slightly lower than the rates among boys.
As was true among boys, the prevalence for girls tended to be stable across the years exam-
ined for Japan as a whole, but the prevalence increased by more than 1% in the analyzed
periods for Hokkaido, Miyagi, and Ibaraki. On the other hand, the prevalence in Fukui,
Osaka, Tottori, Tokushima, and Kagawa decreased more than 1% in the analyzed periods.

Table 2. Age-standardized prevalence of atopic dermatitis for each prefecture and year for girls.

Year

Prefecture 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
All of Japan 2.8 29 2.7 2.7 2.6 2.4 2.5 2.4 2.5 2.6 2.6 2.6 2.8
Hokkaido 29 29 2.5 29 2.0 2.0 3.0 2.1 3.3 3.5 4.0 4.1 4.2
Aomori 14 1.3 14 1.1 15 1.0 0.8 1.0 0.8 1.1 1.1 1.1 15
Iwate 1.7 2.2 1.8 2.1 1.9 NA 1.7 1.7 2.0 1.5 1.6 2.2 2.6
Miyagi 3.3 3.9 3.6 4.0 3.1 NA 3.3 3.4 3.0 4.2 3.7 3.5 4.8
Akita 3.1 3.6 2.9 2.9 2.9 2.5 2.9 29 3.0 2.7 3.1 3.2 3.3
Yamagata 3.8 3.1 3.1 2.8 29 2.5 2.8 3.0 29 3.2 3.1 3.0 3.2
Fukushima 2.4 2.6 2.1 2.0 2.1 NA 1.9 2.1 1.9 2.1 25 2.1 2.7
Ibaraki 2.6 2.5 2.4 2.5 2.8 3.0 3.2 3.9 3.6 3.5 44 4.8 5.0
Tochigi 2.4 2.3 2.3 2.1 2.4 2.6 2.1 2.2 2.4 2.1 2.5 29 3.3
Gunma 2.1 19 2.0 2.2 1.6 2.2 2.0 1.8 1.8 2.4 2.6 2.1 2.7

Saitama 1.6 23 2.1 1.9 2.0 21 1.3 1.4 1.6 1.7 1.8 23 1.8
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Table 2. Cont.
Year
Prefecture 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Chiba 2.1 22 21 2.1 2.0 1.9 21 2.6 2.8 2.5 2.3 22 2.3
Tokyo 3.2 3.5 3.9 3.3 3.2 29 3.0 25 2.7 3.4 3.0 2.8 2.8
Kanagawa 3.0 2.0 2.1 2.4 1.8 1.7 2.5 22 1.8 2.2 2.3 2.3 2.8
Niigata 4.1 4.6 3.8 43 3.7 3.8 43 34 3.1 3.4 3.3 3.7 3.4
Toyama 3.4 3.1 3.3 2.8 2.8 23 2.3 25 1.7 22 2.6 2.5 2.7
Ishikawa 2.5 25 2.4 3.0 2.8 2.0 1.4 1.6 1.8 2.0 1.9 1.5 1.9
Fukui 55 5.8 6.2 6.2 6.2 6.1 6.9 6.0 2.3 22 2.7 34 3.3
Yamanashi 22 24 2.5 23 2.0 2.7 1.8 22 24 22 24 1.8 2.3
Nagano 2.7 3.3 2.8 3.6 3.4 29 29 2.5 3.8 3.1 3.1 2.6 3.0
Gifu 29 3.6 3.0 2.6 3.1 22 2.7 22 25 22 2.8 32 3.4
Shizuoka 3.6 3.5 29 32 2.3 25 2.1 1.7 24 2.7 24 2.0 2.6
Aichi 4.6 53 44 4.2 4.6 4.3 4.2 4.4 3.7 4.4 3.9 4.0 4.6
Mie 1.9 25 2.6 22 2.0 2.3 2.3 1.8 2.8 1.8 2.3 2.1 2.7
Shiga 2.3 24 2.7 25 2.1 2.1 2.3 23 1.9 24 22 23 22
Kyoto 3.5 3.6 3.5 3.3 3.4 2.6 3.2 3.0 3.4 3.0 3.2 3.0 4.2
Osaka 34 32 25 24 2.1 24 21 22 2.6 2.3 1.7 2.0 22
Hyogo 2.8 2.7 2.6 25 24 25 24 23 2.0 22 2.3 22 2.1
Nara 2.4 2.5 2.4 2.7 2.3 2.2 2.8 23 2.5 29 2.0 1.8 2.0
Wakayama 2.1 2.0 1.9 1.9 1.9 1.7 1.3 1.6 1.5 1.7 1.6 1.7 1.6
Tottori 6.7 6.1 6.1 6.0 6.4 59 55 4.1 42 3.8 4.5 4.5 4.4
Shimane 4.8 44 4.1 4.2 3.9 43 3.7 3.7 3.8 42 3.7 4.2 4.0
Okayama 2.6 23 3.0 3.0 34 2.6 2.8 3.1 29 29 32 3.1 3.5
Hiroshima 3.7 3.1 29 2.6 3.0 2.8 2.7 2.6 2.7 3.0 2.6 2.5 3.1
Yamaguchi 2.3 2.1 2.1 22 2.1 1.8 1.8 2.0 1.7 2.1 2.4 1.7 2.1
Tokushima 3.8 3.1 32 3.1 3.1 3.0 3.0 3.3 2.8 2.8 3.1 24 2.8
Kagawa 4.0 3.2 3.3 29 3.1 2.7 2.7 24 2.5 2.5 22 2.0 24
Ehime 1.6 2.0 1.7 1.9 1.9 22 1.8 1.9 2.0 21 3.1 1.8 1.8
Kochi 2.7 1.7 22 23 22 22 23 23 23 1.9 23 25 24
Fukuoka 1.8 1.9 2.0 1.4 2.6 1.5 1.5 1.6 1.8 2.0 1.6 23 1.6
Saga 2.6 27 24 2.1 22 1.6 1.9 22 23 24 1.9 1.8 1.8
Nagasaki 29 24 32 25 3.5 22 24 25 25 2.6 22 2.3 2.8
Kumamoto 2.0 1.8 1.4 1.3 1.8 1.3 1.9 1.6 1.8 1.7 1.9 1.4 1.4
Oita 1.4 1.1 1.6 1.9 1.6 1.5 1.5 22 1.8 1.3 1.5 1.1 1.3
Miyazaki 1.7 1.7 1.6 1.4 1.7 1.6 1.0 1.1 1.4 1.4 1.6 1.4 1.2
Kagoshima 1.7 1.3 1.7 1.4 1.4 1.6 1.7 1.6 1.2 1.9 1.8 1.8 1.8
Okinawa 1.2 1.5 1.6 1.9 1.7 1.4 1.3 1.5 1.7 1.7 1.7 1.6 1.8
NA, not available.
Table 3 shows the APC of the age-standardized prevalence for each prefecture. The
APCs of Hokkaido, Ibaraki, and Okayama were significantly higher than zero for both boys
and girls, and showed an increasing trend in age-standardized prevalence. On the other
hand, the APCs of Niigata, Toyama, Ishikawa, Fukui, Osaka, Hyogo, Tottori, Tokushima,
and Kagawa were significantly lower than zero for both boys and girls, and showed a
decreasing trend in age-standardized prevalence.
Table 3. APC of age-standardized prevalence of atopic dermatitis for each prefecture.
Men Women
Prefecture APC p-Value APC p-Value
All of Japan —0.21 (—0.82, 0.40) 0.466 —0.56 (—1.44, 0.33) 0.196
Hokkaido 3.87 (0.84, 6.99) 0.017 4.30 (0.68, 8.05) 0.024
Aomori —1.22 (—3.85,1.49) 0.339 —1.68 (—4.82,1.57) 0.276
Iwate —0.94 (—3.54,1.73) 0.447 0.53 (—2.12, 3.25) 0.669
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Table 3. Cont.

Men Women

Prefecture APC p-Value APC p-Value
Miyagi 0.99 (—1.07, 3.08) 0.313 0.98 (—1.22,3.23) 0.349
Akita —0.00 (—0.96, 0.97) 0.994 0.18 (—1.36, 1.74) 0.807
Yamagata 0.26 (—1.13,1.67) 0.689 —0.35(-1.87,1.19) 0.625
Fukushima 0.63 (—1.07, 2.36) 0.428 0.22 (—1.85,2.33) 0.818
Ibaraki 6.36 (5.42,7.31) 0.000 6.40 (5.01, 7.80) 0.000
Tochigi 1.91 (0.37, 3.48) 0.020 1.76 (—0.24, 3.79) 0.079
Gunma 1.19 (—0.74, 3.15) 0.204 1.92 (—0.45, 4.34) 0.103
Saitama —0.94 (—3.68,1.87) 0.473 —0.74 (—3.66, 2.28) 0.598
Chiba 1.57 (0.27, 2.88) 0.022 1.31 (—0.32,2.98) 0.105
Tokyo —1.09 (—2.61, 0.45) 0.147 —1.86 (—3.40, —0.29) 0.024
Kanagawa 0.39 (—2.18, 3.02) 0.749 0.39 (—2.28, 3.14) 0.756
Niigata —1.70 (—2.87, —0.51) 0.009 —2.16 (—3.52, —0.79) 0.005
Toyama —2.62 (—4.65, —0.55) 0.018 —2.82(-5.28, —0.29) 0.032
Ishikawa —2.63 (—5.07, —0.12) 0.042 —4.02 (—6.78, —1.18) 0.010
Fukui —6.24 (—10.15, —2.15) 0.007 —7.48 (—12.06, —2.66) 0.006
Yamanashi —1.19 (—2.49, 0.13) 0.072 —0.77 (-2.69, 1.19) 0.402
Nagano 0.35 (—1.35,2.07) 0.663 —0.23 (—2.34,1.92) 0.814
Gifu —0.74 (—2.84, 1.40) 0.457 —0.53 (—3.24,2.25) 0.680
Shizuoka —2.57 (—5.10, 0.02) 0.052 —3.39 (—6.20, —0.49) 0.026
Aichi —0.24 (—1.29,0.82) 0.620 —1.06 (—2.37,0.27) 0.106
Mie —0.67 (—2.95, 1.66) 0.538 0.26 (—2.07, 2.65) 0.812
Shiga —0.63 (—2.21, 0.98) 0.403 —0.76 (—2.20, 0.70) 0.274
Kyoto 0.29 (—1.34,1.96) 0.701 —0.22 (—2.14,1.74) 0.811
Osaka —2.74 (—4.63, —0.81) 0.010 —3.40 (—5.36, —1.40) 0.003
Hyogo —2.01 (-3.30, —0.71) 0.006 —2.23 (—3.06, —1.40) 0.000
Nara —1.21 (—2.86, 0.48) 0.142 —1.57 (—3.60, 0.50) 0.122
Wakayama 0.05 (—1.93, 2.08) 0.955 —2.05 (—3.58, —0.50) 0.014
Tottori —3.72 (=5.16, —2.25) 0.000 —4.19 (-5.83, —2.53) 0.000
Shimane —0.86 (—1.74, 0.02) 0.055 —1.04 (—2.20,0.12) 0.075
Okayama 2.15(0.47, 3.86) 0.017 1.75 (0.24, 3.28) 0.027
Hiroshima —0.36 (—1.79, 1.08) 0.588 —1.33 (—2.90, 0.27) 0.094
Yamaguchi —1.69 (—3.47,0.12) 0.064 —0.81 (—2.47,0.88) 0.310
Tokushima —1.61 (—-2.75, —0.46) 0.011 —1.98 (-3.19, —0.74) 0.005
Kagawa —4.31 (=5.61, —2.99) 0.000 —4.40 (—5.62, —3.16) 0.000
Ehime 1.47 (—0.92,3.91) 0.202 1.45 (—1.18, 4.15) 0.253
Kochi 0.40 (—1.32, 2.15) 0.621 0.41 (—1.51, 2.37) 0.652
Fukuoka —0.23 (—2.77,2.38) 0.849 —0.12 (—2.98,2.82) 0.930
Saga —0.00 (—1.83, 1.86) 0.997 —2.33 (—4.42, —0.20) 0.035
Nagasaki 0.06 (—1.37,1.51) 0.929 —1.20 (—3.34, 1.00) 0.253
Kumamoto 0.15(—1.15,1.47) 0.806 —0.60 (—3.17, 2.05) 0.626
Oita 0.89 (—2.06, 3.93) 0.525 —0.84 (—4.05, 2.48) 0.585
Miyazaki —1.72 (-3.31, —0.11) 0.039 —2.05 (—4.40, 0.37) 0.088
Kagoshima 0.78 (—1.75, 3.38) 0.513 1.60 (—0.41, 3.66) 0.108
Okinawa 2.05 (0.26, 3.86) 0.028 1.35 (—0.61, 3.36) 0.159

APC, annual percentage change.

The descriptive statistics for the predictor variables are shown in Table 4. The data
from 47 prefectures from over a period of 13 years were used in this study, while there were

some missing data.
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Table 4. Characteristics of explanatory variables used in this study.

Explanatory Variable

Median (Interquartile Range)

Population

Population density (persons per hectare)
Proportion of public assistance recipients
Taxable income per capita (JPY 1000)

Proportion of high-school graduates going to a higher educational institution

Annual average temperature (°C)

Annual daylight hours (h)

Annual average relative humidity (%)

Mean of annual average SO, concentration (ppb)

Mean of annual average NO, concentration (ppb)

Mean of annual average CO concentration (0.1 ppm)

Mean of annual average SPM concentration (ug/ m3)

Number of hospitals with an allergy department per 100,000 persons
Number of hospitals with a dermatology department per 100,000 persons
Number of medical clinics per 100,000 persons

1,675,000 (1,124,446-2,833,000)

8.3 (6.3-12.3)

1.2 (0.8-1.7)
1274.4 (1115.2-1394.5)
50.9 (44.7-55.5)
16.1 (14.7-16.9)
1943.6 (1776.2-2103.1)
69.0 (66.0~73.0)
1.7 (1.1-2.9)

9.3 (6.8-12.3)

3.7 (3.0-4.5)

19.3 (16.7-22.4)
0.3 (0.2-0.5)

2.5 (2.2-3.0)

79.3 (71.3-88.4)

SPRC, standardized partial regression coefficient; CI, confidence intervals; SO,, sulfur dioxide; NO,, nitrogen
dioxide; CO, carbon monoxide; SPM, suspended particulate matter.

Table 5 shows the results of the regression analysis. There were missing values in
seven and eight observations of boys and girls, respectively, and those observations were
not used in the analysis. As a result, the year was significantly and negatively associated
and the number of medical clinics per 100,000 persons was significantly and positively
associated with the age-standardized prevalence in girls. The taxable income per capita
was significantly and positively associated with the age-standardized prevalence both in
boys and in girls.

Table 5. Results of regression analysis.

Boys Girls

Explanatory Variable SPRC (95% CI) p-Value SPRC (95% CI) p-Value
Year —0.108 (—0.241, 0.023) 0.119 —0.152 (—0.299, —0.009) 0.045
Population 0.244 (—0.353, 0.844) 0.425 0.188 (—0.443, 0.825) 0.561
Population density —0.411 (—0.965, 0.148) 0.157 —0.488 (—1.076, 0.106) 0.113
Proportion of public assistance recipients —0.104 (—0.346, 0.123) 0.387 —0.063 (—0.322, 0.182) 0.632
Taxable.income_per capita (JPY 1000) ) ) 0.273 (0.088, 0.456) 0.004 0.439 (0.236, 0.638) <0.001
Proportion of high-school graduates going to a higher 0.084 (—0.090, 0.263) 0.361 0.021 (~0.168, 0.211) 0.831
educational institution
Annual average temperature (°C) —0.088 (—0.264, 0.069) 0.300 0.049 (—0.139, 0.217) 0.593
Annual daylight hours (h) —0.010 (—0.081, 0.059) 0.780 —0.048 (—0.125, 0.027) 0.220
Annual average relative humidity (%) 0.037 (—0.049, 0.124) 0.399 0.062 (—0.032, 0.157) 0.203
Mean of annual average SO, concentration (ppb) —0.061 (—0.172, 0.045) 0.275 —0.083 (—0.202, 0.036) 0.179
Mean of annual average NO, concentration (ppb) 0.087 (—0.145, 0.312) 0.462 0.108 (—0.147, 0.352) 0.404
Mean of annual average CO concentration (0.1 ppm) —0.053 (—0.131, 0.020) 0.170 —0.023 (—0.107, 0.058) 0.597
Mean of annual average SPM concentration (pg/ m?) —0.020 (—0.133, 0.090) 0.726 —0.033 (—0.156, 0.088) 0.599
Number of hospitals with an allergy department per _ _ _ _
100,000 persons 0.043 (—0.148, 0.062) 0.432 0.092 (—0.205, 0.025) 0.126
Number of hospitals with a dermatology department _ _
per 100,000 persons 0.064 (—0.080, 0.220) 0.403 0.060 (—0.098, 0.231) 0.468
Number of medical clinics per 100,000 persons 0.230 (—0.008, 0.472) 0.071 0.272 (0.016, 0.532) 0.046

SPRC, standardized partial regression coefficient; CI, confidence intervals; SO,, sulfur dioxide; NO,, nitrogen
dioxide; CO, carbon monoxide; SPM, suspended particulate matter.

4. Discussion

In this study, we identified trends across time in the prevalence of atopic dermatitis in
individual Japanese prefectures and identified the factors associated with this prevalence.

The prevalence of atopic dermatitis tended to be higher in boys than in girls. In
a previous study, which investigated the prevalence of atopic dermatitis in children in
Japan, the prevalence was also a little higher in boys [7]. According to a study on the
relationships between atopic dermatitis and the indoor environmental factors among school
children in Japan, the presence of mold in the home was a risk factor for boys but not for
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girls [17]. Indoor environmental factors, such as mold and mites, are risk factors for atopic
dermatitis [18,19], and sensitization to these allergens might differ according to gender.
A previous study, in Belgium, also showed that sensitization to allergens, such as mites,
was higher in boys than in girls among schoolchildren [20]. Moreover, in Norway, atopic
dermatitis had an earlier onset in boys than in girls among children aged <6 years [21].
Therefore, the early onset of atopic dermatitis in boys among preschoolers might have
affected this gender difference among schoolchildren in Japan. Furthermore, it was shown
that boys suffer more often from atopic dermatitis, whereas girls suffer more often from
eczema unrelated to atopy [22]. This might also have been related to the gender difference.

The taxable income per capita and prevalence were found to be significantly positively
associated. This is consistent with reports of an association between high socioeconomic
status and atopic dermatitis prevalence around the world [23] and in Osaka, Japan [10],
but inconsistent with at least one report indicating that there are many studies showing no
association [24]. In another study in Japan, the investigators found that the consultation
rates for atopic dermatitis in children were positively related to income level [25], and
it is possible that the lower consultation rates for atopic dermatitis symptoms among
socioeconomically disadvantaged persons explain at least part of this association. Medical
service use is also pointed out as a possible factor for the association between socioeconomic
status and atopic dermatitis in Korea [26]. In fact, there is one study showing that income
level is positively associated with the overall utilization of health care services in Japan [27].
In the School Health Statistics Research, some participants were diagnosed with atopic
dermatitis by a physician in a context other than a medical checkup in school, whereas
others were diagnosed by a physician during a medical checkup in school, which is free
of charge. It is possible that the children in our study who were from low-income homes
had fewer opportunities than the children who were not from low-income homes to be
diagnosed with atopic dermatitis by a physician in a setting other than a medical checkup
in school.

The hygiene hypothesis has been suggested as another possible explanation for the
association between socioeconomic status and the prevalence of atopic dermatitis [26]. It is
suggested that factors such as a decrease in exposure to endotoxin due to improvements in
hygiene are possibly related to immune response against external antigens [28]. However,
it is not certain whether hygiene environments differ depending on income level in Japan.
Regarding another factor, smoking is known to be associated with the incidence of atopic
dermatitis [29], but it is known that smoking prevalence is higher in lower income classes
in Japan [30]. Obesity is another risk factor for atopic dermatitis [31], but it is also known
to be associated with lower household income for women in Japan [32]. Therefore, it is
considered that income or obesity do not explain the association between income and the
prevalence of atopic dermatitis.

The year was significantly negatively associated with the prevalence for girls in the
present study, and a non-significant negative association was observed in boys. The num-
ber of patients with atopic dermatitis is known to be increasing in Japan [6], whereas the
prevalence in children in Japan did not increase in the present study. This disparate set of
findings suggests that the treatment rate, rather than the prevalence, of atopic dermatitis
has increased in recent years. Smoking is a risk factor for atopic dermatitis [29], and its
prevalence continues to decrease in Japan [33]. Therefore, the decreasing prevalence of
smoking might be a factor for the effect of year on the prevalence of atopic dermatitis.
Breastfeeding is another risk factor of atopic dermatitis in Japan [34], whereas the asso-
ciation between breastfeeding and atopic dermatitis is not conclusive [35]. However, the
prevalence of breastfeeding increased from 2005 to 2015 [36], and other factors are thought
to be related to the effect of year.

The number of medical clinics per 100,000 residents was also positively associated
with atopic dermatitis prevalence for girls in the present study. One possible explanation
for this finding is that atopic dermatitis may be more likely to be diagnosed in prefectures
with more medical clinics. If medical clinics do not exist in a neighborhood, a child might
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not be diagnosed with atopic dermatitis, even if he or she meets the diagnostic criteria for
the condition. Although a statistically significant difference in the number of medical clinics
per 100,000 residents was not observed for boys, a positive association with prevalence
was observed.

In this study, we also found that trends in age-standardized prevalence rates over
time differed by prefecture, and it is important to understand the reasons for the increasing
prevalence over the years in some prefectures. In addition, it was revealed that regional
income levels and the prevalence of atopic dermatitis are related in Japan, and a study
investigating the reasons for this association is needed. Furthermore, a study targeting
individuals and collecting various kinds of data from participants is needed. In addition,
an epidemiological study using a single set of diagnostic criteria for atopic dermatitis may
be needed in order to understand the reason for the association between income and the
prevalence of atopic dermatitis.

One limitation of the present study involves the fact, mentioned above, that the
diagnoses of atopic dermatitis were obtained from the participants in one of two different
settings. Therefore, there might be regional differences in the proportion of the two types
of diagnoses, depending on the prefecture. Second, this is an ecological study, and an
ecological fallacy might actually explain the results. Third, air pollution monitoring stations
in Japan are not evenly distributed across prefectures, which raises the possibility that
measurements of air pollution concentrations may be less accurate in prefectures with
relatively few stations. Fourth, we could not obtain data on the number of clinics by type
for each year, and used the number of medical clinics as a whole in the analysis instead.
Fifth, the data on some risk factors, such as water hardness, diets, smoking prevalence,
genetic factors, and the prevalence of breastfeeding, for each prefecture and year, could
not be obtained. These are also risk factors for atopic dermatitis [37,38]. Sixth, the data
on the severity or body sites of atopic dermatitis were also not available in the School
Health Statistics Research data, and it would be meaningful to survey these factors in an
epidemiological study in the future.

5. Conclusions

In this study, we examined the prevalence of atopic dermatitis and changes in its
prevalence rates over time among schoolchildren in each prefecture in Japan and identified
the factors associated with regional differences in this prevalence. We found that the
age-standardized prevalence of atopic dermatitis tended to remain stable across the years
that were examined for both boys and girls, but the trend in the prevalence varied across
prefectures. We also found that, in Japan as a whole, the year was negatively associated
with the age-standardized prevalence of atopic dermatitis in girls, whereas the number
of medical clinics per 100,000 persons was positively associated with the prevalence. The
taxable income per capita was positively associated with the age-standardized prevalence
rates both in boys and in girls. Our findings suggest the importance of gaining a better
understanding of the reasons for the increasing prevalence of atopic dermatitis over the
years in some prefectures, as well as an understanding of the association between this
prevalence and taxable income per capita.
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