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After the Great East Japan Earthquake of 2011, there has been a concern about health problems among 
children.  Therefore, we investigated the prevalence of wheeze and eczema symptoms and associated 
factors among children in areas primarily affected by the disaster.  From 2012 to 2014, we distributed the 
parent-administered questionnaire to 25,198 children in all 233 public schools in the 13 municipalities of 
Miyagi Prefecture in northeast Japan.  A total of 7,155 responses (mean age 10.5 ± 2.2 years) were 
received (response rate: 28.4%).  The prevalence of allergic symptoms according to the International Study 
of Asthma and Allergies in Childhood (ISAAC) questionnaire in 2nd, 4th, 6th, and 8th graders was 12.4%, 
9.9%, 9.3%, and 5.6% for wheeze, and 20.1%, 18.0%, 14.0%, and 12.4% for eczema.  In multivariate 
logistic analysis, younger age, history of hospitalization, and difficulties in children’s daily lives as assessed 
by the Strengths and Difficulties Questionnaire (SDQ), were significantly and consistently associated with 
both allergic symptoms (both P < 0.05).  Living in a coastal municipality was also associated with eczema 
symptoms (P = 0.0278).  The prevalence of eczema symptoms in the 2nd (20.1%) and 8th (12.4%) grades 
was significantly higher than previously reported in Japan.  Living in a coastal municipality was 
independently associated with eczema symptoms, and psychometric properties were also closely linked to 
allergic symptoms.  These findings are clinically important for understanding the risks of allergic disorders 
after natural disasters.
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Introduction
The Great East Japan Earthquake of 2011 was a com-

bination disaster comprising both a massive earthquake and 
a tsunami, and caused serious damage in northeast Japan.  
Miyagi Prefecture, which is located in northeast Japan, was 
particularly affected by the disaster, due in large part to its 
relative proximity to the epicenter (see Fig. 1).  Among all 
47 prefectures in Japan, Miyagi had the highest number of 
victims (9,539 dead, 1,244 missing) (National Police 
Agency of Japan 2015).  It took more than a month after the 
disaster to restore lifelines along the coast of Miyagi 
Prefecture, and during this time, residents were unable to 
carry out many activities of daily living such as taking a 

bath.  Accompanying such conditions was a concern for 
potential health problems among high risk populations, par-
ticularly children.  Regarding potential health problems in 
children, allergic diseases were the major concern.

Several studies focusing on allergic diseases after nat-
ural disasters, including bronchial asthma (Takakura et al. 
1997; Tomita et al. 2005; Suzuki et al. 2007; Madhok et al. 
2015) and atopic dermatitis (Kodama et al. 1999) after 
earthquakes, have been reported.  In addition, studies after 
combination disasters involving both an earthquake and a 
tsunami have also been reported; these include skin prob-
lems such as eczema after the 2004 Sumatra earthquake 
(Lee et al. 2006) and control of asthma after the 2011 Great 
East Japan Earthquake (Yamaoka et al. 2011; Fukuhara et 



M. Miyashita et al.298

al. 2012; Minoura et al. 2012; Yanagimoto et al. 2012; 
Ishiura et al. 2013; Ohkouchi et al. 2013).  Although those 
studies were highly valuable, the generalizability of their 
results was limited as they relied primarily on data from 
patients; data from individuals who did not visit a clinic or 
medical institution remained hidden.  In addition, these 
reports implemented “original” as opposed to international 
standardized questionnaires, which created potential diffi-
culties in interpreting the results and comparing them with 
those from previous studies (Ueda et al. 1996; Takakura et 
al. 1997; Kodama et al. 1999; Tomita et al. 2005; Lee et al. 
2006).  Furthermore, those studies focused mainly on adults 
as opposed to children.  Few studies on wheeze and eczema 
symptoms among schoolchildren after a natural disaster 
have been conducted.

Therefore, we conducted a large-scale cross-sectional 
study of health among schoolchildren using a standardized 
epidemiological questionnaire, the International Study of 
Asthma and Allergies in Childhood (ISAAC) questionnaire, 
to examine the prevalence of wheeze and eczema symptoms 
and associated factors among schoolchildren in disaster-
affected areas (Kikuya et al. 2015).

Methods
Design

This report was based on an ongoing study project, the Tohoku 
Medical Megabank Organization (ToMMo) Child Health Study, 
which was a cross-sectional observation of schoolchildren in 28 
municipalities of Miyagi Prefecture after the 2011 Great East Japan 
Earthquake.  Details of the study project have been described previ-
ously (Kikuya et al. 2015).  Although data collection had been com-

pleted in all 28 municipalities, at the time of preparing this manu-
script, data were only available for the following 13: Shiroishi, 
Natori, Kakuda, Iwanuma, Zao, Shichikashuku, Ogawara, Murata, 
Shibata, Kawasaki, Marumori, Watari, and Yamamoto.  Among these 
municipalities, Natori, Iwanuma, Watari, and Yamamoto are located 
in coastal areas (Fig. 1).  Therefore, only data from schoolchildren in 
these 13 municipalities were analyzed.

In each municipality, due to insufficient human resources and 
annual research budget limitations, the questionnaire survey was 
divided into two consecutive years.  In the first year, we examined 
children in the 2nd, 4th, 6th, and 8th grades, and in the second year, 
we examined those in the 1st, 3rd, 5th, and 7th grades.  Since students 
progressed to the next grade the following year, the 2nd-, 4th-, 6th-, 
and 8th-grade students were examined at that time.  In 2012, the sur-
vey was started in the three coastal municipalities of Iwanuma, 
Watari, and Yamamoto (Survey 2012) (Fig. 1).  Then, in 2013, the 
study area was extended to all 13 municipalities, including the three 
municipalities from the previous survey (Survey 2013).  These same 
municipalities, excluding Iwanuma, Watari, and Yamamoto, were also 
included in the study area in Survey 2014 because the survey was 
performed in two consecutive years in each municipality, as described 
above.  Ethical approval was obtained from the Institutional Review 
Board of Tohoku University Graduate School of Medicine on 
September 24, 2012 (No. 2012-1-278).  Completing and returning a 
questionnaire was considered to indicate consent to participate in our 
investigation.

Study population and data collection
Since elementary and junior high school education is compul-

sory in Japan, almost all children in Miyagi Prefecture were affiliated 
with a school, typically (about 99.7%) with a public school, according 
to the Miyagi Office of Education.  There are 233 public schools in 
the 13 municipalities of Miyagi Prefecture.  The 233 schools included 

Fig.  1.  Map of the study area and epicenter of the Great East Japan Earthquake.
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147 elementary, 76 junior high, and 10 special needs schools.  One 
elementary school that participated in Survey 2013 withdrew from 
Survey 2014.

There were 3,505 schoolchildren in 26 public schools in the 
three municipalities in Survey 2012, 12,742 schoolchildren in 117 
public schools in the 13 municipalities in Survey 2013, and 9,225 
schoolchildren in 90 public schools in the 10 municipalities in Survey 
2014.  After excluding one elementary school from Survey 2014, in 
cooperation with the Board of Education of each municipality and the 
233 public schools, the questionnaire was finally distributed to 25,198 
children.  The questionnaires were distributed in June every year 
except for 2012, in which questionnaires were distributed in 
November.  The children took the questionnaires home for their par-
ents or guardians to complete within two weeks; 1,369 (39.1%), 4,080 
(32.0%), and 2,266 (25.3%) questionnaires were returned for Survey 
2012, Survey 2013, and Survey 2014, respectively, for a total of 7,715 
(collection rate: 30.6%).  Grade-specific response rates were 32.9%, 
31.7%, 28.1%, and 21.5% in 2nd, 4th, 6th, and 8th grade, respec-
tively.

We excluded 560 questionnaires due to the following reasons: 
missing age data (N = 62); responses for children outside the target 
grades (N = 134); and missing responses for asthma symptoms (N = 
94), eczema symptoms (N = 62), and the Strengths and Difficulties 
Questionnaire (SDQ, reference) (N = 208).  Therefore, a total of 7,155 
(28.4%) children were included in the present analysis.  Among all 
children, there was no duplicate participant, a so-called “repeater,” 
who was held back for another year.  In the Japanese elementary and 
junior high school system, “repeaters” are extremely rare.  Further
more, in each municipality, we only surveyed for two consecutive 
years.  Thus, no participant other than the repeater answered the ques-
tionnaire twice.

Questionnaire items
To assess symptoms of asthma and eczema, we adopted the 

Japanese version of the ISAAC questionnaire (Nishima and Odajima 
2002), which is an international standardized epidemiological ques-
tionnaire used to assess allergic symptoms.  Current wheeze was 
defined as a positive response to the item “Has your child had wheez-
ing or whistling in the chest in the last 12 months?” (Lai et al. 2009).  
Severe wheeze was defined as current wheeze with ≥ 4 attacks, or ≥ 1 
night per week of sleep disturbance from wheeze, or wheeze affecting 
speech (Lai et al. 2009).  Current eczema was defined as a positive 
response to the items “Has your child had this itchy rash at any time 
during the past 12 months?” and “Has this itchy rash at any time 
affected any of the following places: the folds of the elbows, behind 
the knees, in front of the ankles, under the buttocks, or around the 
neck, ears, or eyes?” (Odhiambo et al. 2009).  Severe eczema was 
defined as current eczema accompanied by sleep disturbance ≥ 1 
night per week (Odhiambo et al. 2009).  In addition, to assess the 
extent of symptoms, we asked about any previous diagnosis of these 
allergic diseases.

The questionnaire also included items on birth year, birth 
month, person filling out the questionnaire (mother, father, grandpar-
ent, or other), history of hospitalization, history of being diagnosed 
with an allergic disease, the Japanese language version of the SDQ 
questionnaire (Matsuishi et al. 2008), and disaster experience.  
History of hospitalization was defined as hospitalization for any rea-
son, including wheeze, eczema, or other diseases or symptoms.  The 
SDQ is a brief questionnaire composed of 25 items designed to inves-

tigate difficulties in the daily and social lives of children (Goodman 
1997).  An SDQ total difficulties score of 16 points or more was con-
sidered to be in the abnormal or “clinical” range (Matsuishi et al. 
2008).  The questionnaire item regarding disaster experience was “At 
the time of the disaster, please choose all that your child experi-
enced”, with the choices provided as: “earthquake”, “tsunami”, 
“both”, or “none”.

We also asked about children’s housing in Survey 2013 and 
Survey 2014, as “In which type of dwelling do you and your child 
currently live?”, with the choices provided as follows: 1) prefabri-
cated temporary housing; 2) private rental housing under a designated 
leasing system for people affected by the disaster; 3) rental housing 
not under a designated leasing system for people affected by the 
disaster; 4) home of family, friends, or relatives; 5) housing rebuilt at 
the same location as before the disaster; 6) housing rebuilt at a new 
location; 7) same housing as that before the disaster; and 8) other.

Data analysis
For descriptive statistics, we calculated the frequency of asthma 

and eczema symptoms.  To assess factors associated with these symp-
toms, we performed multiple logistic regression analysis with adjust-
ment for sex (boy = 1, girl = 0), age (continuous variable, 1 year 
increments), history of hospitalization (yes = 1, no = 0), clinical range 
on the SDQ (yes = 1, no = 0), coastal municipality (yes = 1, no = 0), 
tsunami experience (yes = 1, no = 0), and survey year (Survey 2013 
or Survey 2014 vs. Survey 2012 as a reference).  The variable “coastal 
municipality” was defined by location of the public school affiliation 
of the children.  If the school was located in a coastal municipality, 
i.e., Natori, Iwanuma, Watari, or Yamamoto, “coastal municipality” 
was coded as “yes”.

We then compared means and proportions using the unpaired 
t-test or analysis of variance, Fisher’s exact test, and the chi-square 
test.  P values less than 0.05 were considered to be statistically signif-
icant.  All statistical analyses were performed using SAS (version 9.4; 
SAS Institute Inc., Cary, NC, USA).

Results
Among the 7,155 completed and returned question-

naires, the person who filled out the questionnaire was most 
frequently the mother (N = 6,527, 91.2%), followed by the 
father (N = 545, 7.6%), a grandparent (N = 72, 1.0%), and 
other (N = 11, 0.2%).  Almost all children (N = 7,071, 
98.8%) had experienced an earthquake.  Among the chil-
dren, 1,443 (20.2%) and 1,275 (17.8%) had received a diag-
nosis of wheeze or eczema, respectively.

The demographic characteristics of the 7,155 children 
(boys: 3,483 [48.7%]) are shown in Table 1.  The mean age 
± standard deviation of the children was 10.5 ± 2.2.  A total 
of 2,429 (34.0%) children had a history of hospitalization.  
Almost half the children (N = 3,880, 54.2%) were affiliated 
with a public school located in the municipalities along the 
coast.  A total of 1,033 (14.4%) children had an SDQ total 
difficulties score in the clinical range (16 points or more).  
A total of 822 (11.5%) children had experienced a tsunami.  
The prevalence of these variables was similar between 
grades.  Total numbers of 1,296 (18.1%), 3,845 (53.7%), 
and 2,014 (28.2%) children participated in Survey 2012, 
Survey 2013, and Survey 2014, respectively.  Tsunami 
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experience was more prevalent, but SDQ scores in the clini-
cal range and history of hospitalization were less prevalent, 
in coastal than in inland municipalities (all P < 0.01).

Factors affecting wheeze and eczema
To investigate factors affecting current and severe 

wheeze, we conducted univariate analysis of the prevalence 
of these symptoms (Fig. 2).  Boys, students with a history 
of hospitalization, students in lower grades, and students 
with SDQ scores in the clinical range had a significantly 
high prevalence of current wheeze (P < 0.0001).  Results 
from Survey 2012, which was the survey conducted in the 

timeframe nearest to the disaster, also tended to be associ-
ated with a high prevalence of current wheeze (P = 0.0515); 
similar findings were observed for severe wheeze.  
Univariate analysis of current and severe eczema is shown 
in Fig. 3.  A significantly high prevalence of current eczema 
was observed in children in lower grades, those with a his-
tory of hospitalization, those with SDQ scores in the clini-
cal range, and those with previous tsunami experience.  
Although weaker associations were observed for severe 
eczema, those for lower grade and clinical range on the 
SDQ were still significant.

Multivariate logistic regression analysis was con-

Table 1.  Children’s characteristics by school grade.

Total 2nd grade 4th grade 6th grade 8th grade P value

N   7,155 (100.0)   1,936 (100.0)   1,958 (100.0)   1,855 (100.0) 1,406 (100.0) ―
Age, years 10.5 ± 2.2 7.8 ± 0.3 9.8 ± 0.3 11.8 ± 0.3 13.8 ± 0.3 < 0.0001
Boys 3,483 (48.7)    924 (47.7)    970 (49.5)    904 (48.7) 685 (48.7) 0.7323
History of hospitalization 2,429 (34.0)    621 (32.1)    705 (36.0)    637 (34.3) 466 (33.1) 0.0642
Clinical range on the SDQ* 1,033 (14.4)    328 (16.9)    292 (14.9)    240 (12.9) 173 (12.3) 0.0003
Coastal municipality* 3,880 (54.2) 1,043 (53.9) 1,064 (54.3) 1,007 (54.3) 766 (54.5) 0.9857
Tsunami experience    822 (11.5)    220 (11.4)    212 (10.8)    202 (10.9) 188 (13.4) 0.0926
Survey 2012 1,296 (18.1)    301 (15.6)    346(17.7)    366 (19.7) 283 (20.1)
Survey 2013 3,845 (53.7) 1,065 (55.0) 1,093 (55.8)    977 (52.7) 710 (50.5) 0.0010
Survey 2014 2,014 (28.2)    570 (29.4)    519 (26.5)    512 (27.6) 413 (29.4)

Data are expressed as mean ± standard deviation or number (%).
*An SDQ total difficulties score of 16 points or more was considered to be in the abnormal or “clinical” range (Matsuishi et al. 2008).  
Children in coastal municipalities were those affiliated with a school located along the coast, i.e., Natori, Iwanuma, Watari, and Yama-
moto.
SDQ, Strengths and Difficulties Questionnaire.

Fig. 2.  Prevalence of current and severe wheeze among each variable in univariate analyses.
	 P values were determined using Fisher’s exact test or the chi-square test.
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ducted to investigate the association of these variables with 
the allergic symptoms of current and severe wheeze, and 
current and severe eczema (Table 2).  Younger age, history 
of hospitalization, and clinical range on the SDQ were sig-
nificantly and consistently associated with all allergic 
symptoms (P < 0.05), with the exception of history of hos-
pitalization and severe eczema (odds ratio [OR]: 1.28, P = 
0.2).  The association between sex and allergy was not uni-
form.  Boys had significantly high ORs for current wheeze 
(OR: 1.28, P = 0.0025), but low ORs for current eczema 
(OR: 0.88, P = 0.0487).  Regarding associations with aller-

gic symptoms, no significant interaction was found between 
tsunami experience and coastal municipality (P > 0.1); 
however, coastal municipality was associated with current 
eczema (OR: 1.18, P = 0.0278), while tsunami experience 
was associated with severe eczema (OR: 1.74, P = 0.0467).  
Recent survey years, particularly Survey 2014, were 
inversely associated with wheeze symptoms when Survey 
2012 was treated as the reference category (OR: ≤ 0.66, P ≤ 
0.0013).

Fig. 3.  Prevalence of current and severe eczema among each variable in univariate analyses.
	 P values were determined using Fisher’s exact test or the chi-square test.

Table 2.  Adjusted odds ratio of eczema and asthma symptoms.

Current wheeze
(N = 685)

Severe wheeze
(N = 211)

Current eczema
(N = 1,175)

Severe eczema
(N = 110)

Age, 1 year increments 0.88 [0.85-0.92]† 0.91 [0.86-0.97]‡ 0.91 [0.88-0.94]† 0.88 [0.80-0.96]‡
Boys 1.28 [1.09-1.51]‡ 1.20 [0.91-1.58] 0.88 [0.78-1.00]‡ 1.09 [0.74-1.59] 
History of hospitalization 2.17 [1.85-2.56]† 2.14 [1.62-2.82]† 1.16 [1.01-1.32]‡ 1.28 [0.87-1.89] 
Clinical range on the SDQ* 1.63 [1.34-1.99]† 1.95 [1.42-2.68]† 1.75 [1.49-2.05]† 2.48 [1.64-3.76]†
Coastal municipality* 0.98 [0.81-1.18] 0.94 [0.68-1.31] 1.18 [1.02-1.36]‡ 0.76 [0.48-1.19] 
Tsunami experience 1.01 [0.78-1.30] 1.14 [0.75-1.73] 1.18 [0.97-1.43] 1.74 [1.01-2.99]‡
Survey 2013 0.66 [0.52-0.83]† 0.72 [0.49-1.06] 1.12 [0.93-1.35] 0.72 [0.40-1.30] 
Survey 2014 0.64 [0.49-0.84]‡ 0.57 [0.35-0.92]‡ 1.13 [0.91-1.40] 1.18 [0.62-2.26] 

Data are expressed as adjusted odds ratios (ORs) with 95% confidence intervals.  ORs were computed using logistic regression analysis.  
Each variable was adjusted for the others.  In relation to survey year, Survey 2012, i.e., the survey conducted immediately after the 
disaster, was treated as the reference category.
*An SDQ total difficulties score of 16 points or more was considered to be in the abnormal or “clinical” range (Matsuishi et al.  2008).  
Children in coastal municipalities were those affiliated with a school located along the coast, i.e., Natori, Iwanuma, Watari, and  
Yamamoto.
†P < 0.001, ‡P < 0.05.
SDQ, Strengths and Difficulties Questionnaire.
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Prevalence of wheeze and eczema by living environment
The questionnaires for Survey 2013 and 2014 con-

tained items on the current living environment of parents/
guardians and their children.  After excluding children from 
Survey 2012 (N = 1,296) and missing responses for this 
item (N = 24), 5,835 responses were analyzed.  The results 
were as follows: (1) prefabricated temporary housing (N = 
64, 1.1%); (2) private rental housing under a designated 
leasing system for people affected by the disaster (N = 191, 
3.2%); (3) rental housing not under a designated leasing 
system for people affected by the disaster (N = 131, 2.5%); 
(4) home of family, friends, or relatives (N = 166, 2.8%); (5) 
housing rebuilt at the same location as before the disaster (N 
= 74, 1.3%); (6) housing rebuilt at a new location (N = 316, 
5.4%); (7) same housing as that before the disaster (N = 
4,695, 80.5%); and (8) other (N = 198, 3.4%).  With the 
exception of living in prefabricated temporary housing, a 
type of housing only found in coastal municipalities, no 
clear tendency was evident regarding living environment 
(coastal vs. inland municipality).  In coastal municipalities, 
the prevalence of wheeze was significantly higher among 
schoolchildren living in housing rebuilt at the same location 
as before the disaster than those in the other living environ-
ments (23.1% [N = 9] vs. 8.7% [N = 221]; P = 0.0017).  
The prevalence of eczema was significantly higher among 
children living in rental housing not under a designated 
leasing system for people affected by the disaster than 
among those in the other living environments (28.3% [N = 
17] vs. 17.7% [N = 447]; P = 0.0341).  On the other hand, 
in inland municipalities, the prevalence of wheeze was sig-
nificantly higher among schoolchildren living in rental 
housing not under a designated leasing system for people 
affected by the disaster (16.9% [N = 12] vs. 9.2% [N = 
296], P = 0.0287), home of family, friends, or relatives 
(14.9% [N = 17] vs. 9.2% [N = 291], P = 0.0403), and not 
same housing as that before the disaster than among those 
in the other living environments (12.1% [N = 71] vs. 8.8% 
[N = 237]; P = 0.0125).  No other associations were 
observed between allergic symptoms and the remaining 
response alternatives for current living environment.

Discussion
We investigated the prevalence of allergic symptoms 

and associated factors among 7,155 schoolchildren in areas 
affected by the Great East Japan Earthquake.  The preva-
lence of wheeze in the 12 months prior to study in 2nd, 4th, 
6th, and 8th graders was 12.4%, 9.9%, 9.3%, and 5.6%, 
respectively, and the prevalence of eczema, defined as an 
itchy flexural rash, during the same period was 20.1%, 
18.0%, 14.0%, and 12.4%, respectively.  The ORs of 
wheeze symptoms were higher in younger children, boys, 
those with a history of hospitalization, and those with SDQ 
scores in the clinical range, and were lower in children in 
the most recent surveys (Surveys 2013 and 2014).  
Regarding ORs for eczema, younger age, girls, a history of 
hospitalization, SDQ scores in the clinical range, and 

coastal municipality were shown to be significant factors.  
An association was also seen between tsunami experience 
and severe eczema.

As shown in Table 1, the ratio of boys to girls in each 
grade was almost identical, as was the sex distribution in 
each grade; this suggests the absence of any sex or age bias 
in terms of the distribution of the questionnaires, as well as 
the representativeness of our study subjects.  However, 8th 
graders participated in the study to a lesser extent compared 
with the other students.  This finding was also reported in 
our previous study (Kikuya et al. 2015).  This could be due 
to parents or guardians of students in the upper grades being 
less motivated to participate in health research after a disas-
ter than parents of students in the lower grades.

The relationship observed between prevalence of aller-
gic symptoms and both sex and age was consistent with 
previous findings (Williams et al. 1999; Futamura et al. 
2011), i.e., allergic symptoms were more frequent in 
younger students.  Of note, in the present study, the associa-
tions between sex and allergic symptoms for wheeze and 
eczema differed.  In line with previous studies (Futamura et 
al. 2011), boys had high ORs for current wheeze.  On the 
other hand, the OR of 0.88 (95% confidence interval [CI]: 
0.78-1.00) for current eczema was marginally significantly 
low in boys; in other words, current eczema was associated 
with girls.  This result is also in line with previous findings.  
Williams et al. (1999) reported that the prevalence of 
eczema in girls was high; however, inconsistencies have 
been reported in the prevalence of eczema according to sex.  
However, Futamura et al. (2011) reported finding the oppo-
site result, that the prevalence of eczema was similar in 
both sexes (Futamura et al. 2011).

To evaluate the effect of disasters on wheeze, we 
investigated the prevalence of allergic symptoms in the 
present study.  There have been several reports on the prev-
alence of allergic symptoms in the general population based 
on the ISAAC questionnaire (ISAAC Steering Committee 
1998a; Williams et al. 1999, 2008; Futamura et al. 2011).  
These reports focused mainly on 2nd and 8th graders 
because the ISAAC manual defines these students as the 
target population.  In these reports, the prevalence of cur-
rent wheeze ranged from 15.7% to 17.3% for 2nd graders 
and from 8.8% to 13.4% for 8th graders in Japan (Nishima 
and Odajima 2002; Akashi and Akasawa 2007; Futamura et 
al. 2011).  Compared with these previous studies, the preva-
lence of current wheeze was significantly low (both P < 
0.001) among both 2nd (12.4%) and 8th (5.6%) graders.  
Furthermore, no association was seen between asthma 
symptoms and disaster-related variables such as tsunami 
experience and affiliated school in a coastal municipality.  
However, associations were observed between wheeze 
symptoms and both rental housing not under a designated 
leasing system for people affected by the disaster and home 
of family, friends, or relatives.  Based on these results, no 
association was found between wheeze and disaster-related 
damage in the population as a whole.  However, wheeze 
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symptoms were found to be associated with severely 
affected children who were forced to change their living 
environment.  Therefore, special consideration should be 
paid to wheeze symptoms in children whose living environ-
ments are drastically affected by a disaster.

The prevalence of eczema in Japanese children has 
previously been reported to range from 16.0% to 17.4% in 
2nd graders and from 9.8% to 10.7% in 8th graders 
(Williams et al. 1999; Nishima and Odajima 2002; Akashi 
and Akasawa 2007; Futamura et al. 2011).  Compared with 
previous studies, we observed a significantly higher preva-
lence of eczema among 2nd (20.1%) and 8th (12.4%) grad-
ers (both P < 0.05).  Furthermore, disaster-related variables 
such as coastal area, tsunami experience, and changes in 
living environment were associated with eczema symptoms.  
Specifically, the prevalence of eczema was higher in coastal 
than in inland areas (OR: 1.18; 95%CI: 1.02-1.36).  
Tsunami experience was also significantly related to severe 
eczema (OR: 1.74; 95%CI: 1.01-2.99).  Based on these 
results, in relation to eczema, the effect of disasters on the 
prevalence of eczema in the population as a whole, as well 
as in children with tsunami experience, cannot be excluded.  
After the earthquake in Sumatra in 2004, eczema was 
reportedly the second most prevalent symptom among der-
matology patients (Lee et al. 2006).  After the Great East 
Japan Earthquake, wheeze and eczema were found in 22% 
and 55%, respectively, of children with food allergies 
(Yamaoka et al. 2011).  These results suggest that disasters 
have a long-term effect on allergic symptoms.

Psychological or psychiatric conditions are closely 
related to allergic symptoms.  Mental stress exacerbates 
symptoms of allergic disease (Ueda et al. 1996; Kodama et 
al. 1999; Buske-Kirschbaum et al. 2002; Rosenberg et al. 
2014).  In line with previous studies, our results demon-
strated that SDQ scores in the clinical range was also sig-
nificantly and consistently related to all allergic symptoms 
of current wheeze, severe wheeze, current eczema and 
severe eczema (Table 2), and the size of the effect was con-
siderable, with ORs for these allergic symptoms ranging 
from 1.63 to 2.48.  Due to the cross-sectional design of our 
study, a cause-effect relationship between psychological or 
psychiatric conditions and allergic symptoms could not be 
determined.  Reverse causality could also explain these 
results.  Allergic symptoms could potentially affect SDQ 
total scores, because the SDQ is a scale not only of psycho-
logical or psychiatric conditions, but also of difficulties in 
daily life.  It is also possible that psychological and psychi-
atric conditions mediated the association between the disas-
ter and allergic symptoms.  Psychological and psychiatric 
conditions in children after disasters have been reported in 
several studies (McLaughlin et al. 2010; Fujiwara et al. 
2014).  Serious emotional disturbances remained signifi-
cantly elevated for several years after Hurricane Katrina 
struck the United States in 2005 (McLaughlin et al. 2010).  
Even two years after the Great East Japan Earthquake, 
severe trauma related to the disaster was shown to be asso-

ciated with behavior problems (Fujiwara et al. 2014).  
However, the specific or inherent mental problems of each 
children and their family that are not attributable to disas-
ters, such as child abuse, developmental disabilities, or 
other disorders, should also be considered.

In general, asthma and eczema follow the “allergic 
march”, which means that various symptoms develop in 
patients as they age; therefore, they cannot be considered 
separately.  However, in this study, only the prevalence of 
eczema was high; that of asthma in the population as a 
whole was not.  This result indicated that eczema could be 
associated with specific factors (ISAAC Steering 
Committee 1998b).  Several factors, including immunity, 
heredity, maternal problems, environment, and psychologi-
cal stress, have been associated with the development or 
presence of eczema (Levy et al. 2003, Rosenberg et al. 
2014).  Further studies are required, not only to monitor the 
prevalence of eczema using the ISAAC questionnaire, but 
also to measure environmental factors in detail with the aim 
of clarifying the causal link between disasters and the prev-
alence of eczema.  

Our study did have several limitations.  First, our 
results exclusively relied on a parent-administered ques-
tionnaire that was composed of subjective data in order to 
assess symptoms in a large number of subjects with mini-
mal burden to participate in our study.  Therefore, our 
results could differ from those found in studies based on 
doctor-diagnosed allergic diseases.  Second, our findings 
were not derived from the entire disaster-affected area.  
Nonetheless, all of the public schools in the study area par-
ticipated in this research.  Third, Survey 2012 was con-
ducted in November, which was different from the June 
survey period for Survey 2013 and Survey 2014.  However, 
the questionnaire items regarding allergic symptoms were 
based on observations during the entire previous year 
(Asher et al. 1995).  Therefore, this difference in the study 
period is not thought to have significantly affected the prev-
alence of allergic symptoms.  Fourth, our study did not 
begin until after the disaster; therefore, we could not for-
mally compare the prevalence of symptoms in children 
before and after the disaster.  Fifth, in coastal municipali-
ties, the survey was conducted in 2012-2013, but not in 
2013-2014 (Fig. 1).  This imbalance in study area for each 
study year could affect the results, even though we adjusted 
for survey year in our logistic regression model.  Sixth, the 
response rate for the questionnaire was only 28.4%, and 
differed among the survey years as follows: 39.1% in 2012, 
32.0% in 2013, and 25.3% in 2014.  However, no differ-
ences in age or sex were found among survey years (P > 
0.5).  Furthermore, although we adjusted for survey year in 
multiple logistic analyses, our results may have been 
affected by self-selection bias.

In conclusion, after the disaster, the prevalence of 
eczema symptoms among 2nd and 8th grade students was 
significantly higher than previously reported.  Living in a 
coastal municipality was independently associated with 
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eczema symptoms, and psychometric properties were also 
closely linked to allergic symptoms in children.  These find-
ings are expected to be clinically important for understand-
ing the risks of allergic disorders after natural disasters.
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