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Asthma and atopic dermatitis are common among schoolchildren.  The Great East Japan Earthquake of 
2011 caused serious damage to buildings and infrastructure as well as the total or partial collapse of many 
hospitals and medical clinics.  The aim of this study was to examine the association between recurrence or 
exacerbation (recurrence/exacerbation) of asthma or atopic dermatitis at the time of disaster and allergic 
symptoms several years later in schoolchildren.  A cross-sectional survey was conducted via a parent-
administered questionnaire between 2013 and 2015 in Miyagi Prefecture, northeast Japan.  We analyzed 
the data of 2,399 schoolchildren with a diagnosis of asthma and 2,107 with a diagnosis of atopic dermatitis.  
Among those who had experienced recurrence/exacerbation of their symptoms soon after the disaster, the 
prevalence of later wheezing and eczema was 71.2% (N = 195) and 81.9% (N = 379), respectively.  
Recurrence/exacerbation of allergic symptoms just after the disaster was positively associated with 
wheezing (odds ratio, OR 6.54, 95% confidence interval, 95% CI 4.94-8.67) and eczema (OR 8.12, 95% CI 
6.25-10.55) several years later.  Disasters might have long-term effects on the allergy symptoms of 
children.  It is necessary to prepare for prevention of recurrence/exacerbation, to treat allergic symptoms, 
and to support children to continue their allergy treatments and daily care when a disaster strikes.
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Introduction
Asthma and atopic dermatitis are common in children 

(Lai et al. 2009; Futamura et al. 2011).  Although childhood 
asthma and atopic dermatitis often resolve with age, previ-
ous reports have indicated that severe wheezing and eczema 
in childhood are likely to be persistent into adulthood 
(Margolis et al. 2014; Kim et al. 2016; McGeachie et al. 
2016; Fuchs et al. 2017).  Therefore, it is necessary to iden-
tify and address the symptoms of asthma and atopic derma-
titis in early childhood.

The Great East Japan Earthquake of 2011 and subse-

quent tsunami caused such serious damage in northeast 
Japan where lifelines were not restored until more than one 
month after the disaster.  During this time, people living in 
the affected area were unable to carry out many activities of 
daily living, including taking a bath.  Moreover, 128/147 
(87.1%) hospitals and 627/1,626 (38.6%) medical clinics in 
Miyagi Prefecture suffered total or partial collapse, and 
some limited their services to outpatients for several months 
after the disaster (Ministry of Health, Japan 2011).

Yamaoka et al. (2011) reported that in children aged 
0-16 years, the symptoms worsened just after the Great East 
Japan Earthquake in 22% of those with asthma and in 55% 
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of those with atopic dermatitis, and that 14% of those with 
allergies ran out of their regular prescription medications.  
Ishikuro et al. (2017) reported that experiencing the tsunami 
and staying in an evacuation area after the Great East Japan 
Earthquake were associated with a high prevalence of 
atopic dermatitis among boys, and the experience of having 
their house destroyed and moving between houses was 
associated with a high prevalence of asthma among girls.  
Although these studies are highly valuable, the data were 
collected at a specific point in time after the disaster, and 
there are no data regarding the allergy symptoms of chil-
dren who did not visit clinics or medical institutions, and no 
long-term data.

We have previously reported the prevalence of wheez-
ing and eczema as symptoms of asthma and atopic dermati-
tis (Kikuya et al. 2015), and also the prevalence among 
schoolchildren from a survey conducted in the southern part 
of Miyagi Prefecture (Miyashita et al. 2015).  The aim of 
this study was to examine the associations between recur-
rence or exacerbation (recurrence/exacerbation) that 
occurred during the Great East Japan Earthquake and aller-
gic symptoms several years later in schoolchildren who had 
a diagnosis of asthma or atopic dermatitis.

Methods
Design

This report was based on the Tohoku Medical 
Megabank Organization (ToMMo) Child Health Study, a 

cross-sectional observation of schoolchildren conducted in 
28 of the 35 municipalities in Miyagi Prefecture: 
Higashimatsushima, Iwanuma, Kakuda, Kami, Kawasaki, 
Kesennuma, Kurihara, Marumori, Minamisanriku, Misato, 
Murata, Natori, Ogawara, Ohira, Onagawa, Osaki, Osato, 
Shibata, Shichigahama, Shichikashuku, Shikama, Shiroishi, 
Taiwa, Tome, Wakuya, Watari, Yamamoto, and Zao (Kikuya 
et al. 2015).  Schoolchildren were examined in the 2nd, 4th, 
6th, and 8th grades and the study area was changed every 
two years from 2012 to 2015, in the 28 municipalities (Fig. 
1).  Therefore, there was very little duplication of the sur-
vey targets.

Ethical approval was obtained from the Institutional 
Review Board of Tohoku University Graduate School of 
Medicine on September 24, 2012 (No. 2012-1-278).  A 
completed and returned questionnaire was considered to 
indicate consent to participate in the investigation.

Study population and data collection
Questionnaires were distributed to 62,895 schoolchil-

dren in cooperation with the Board of Education of each 
municipality and 624 public schools.  The schoolchildren 
took the questionnaires home for their parents or guardians 
to complete within two weeks, and 1,369 (39.1%), 4,080 
(32.0%), 7,197 (25.6%), and 4,374 (23.7%) questionnaires 
were returned for Survey 2012, Survey 2013, Survey 2014, 
and Survey 2015, respectively, for a total of 17,020 (collec-
tion rate 27.1%).  Grade-specific response rates were 

Fig. 1.  Map of the study area.
Data from the 2013-2015 surveys were analyzed in the present study, including questions about allergic symptoms that 
occurred immediately after the disaster.
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32.9%, 31.7%, 28.1%, and 21.5% for the 2nd, 4th, 6th, and 
8th grades, respectively.

After excluding 1,925 questionnaires that had missing 
data and responses for schoolchildren outside the target 
grades, 15,095/62,895 questionnaires (24.0%) were avail-
able for all four years.  Of these, we collected information 
for 13,799 schoolchildren in Surveys 2013-2015, because 
in Survey 2012 we did not ask about symptoms in the after-
math of the Great East Japan Earthquake.  Among these 
13,799 schoolchildren, 2,399 schoolchildren who had a 
diagnosis of asthma and 2,107 with atopic dermatitis were 
included in the study (Fig. 2).

Questionnaire items
To assess symptoms of asthma and eczema at the sur-

vey point, we adopted the Japanese version of the 
International Study of Asthma and Allergies in Childhood 
(ISAAC) questionnaire (Nishima and Odajima 2002), an 
international standardized epidemiological questionnaire 
used to assess allergic symptoms (Asher et al. 1995).  
Wheezing was defined as a positive response to the item 
“Has your child had wheezing or whistling in the chest in 
the last 12 months?” (Lai et al. 2009).  Severe wheezing 
was defined as wheezing with ≥ 4 attacks, or ≥ 1 night per 
week of sleep disturbance from wheezing, or wheezing 

affecting the speech (Lai et al. 2009).  Eczema was defined 
as a positive response to the item “Has your child had an 
itchy rash at any time during the past 12 months?”, which 
was further refined by “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?” Severe eczema 
was defined as eczema accompanied by sleep disturbance ≥ 
1 night per week (Odhiambo et al. 2009).  We added the 
following questions regarding allergic symptoms and treat-
ment conditions for asthma and atopic dermatitis that 
occurred in the aftermath of the disaster: “Did your child, 
diagnosed with asthma, have their asthma treatment inter-
rupted for more than one month after the disaster?”, “Did 
your child, diagnosed with asthma, have recurrent or exac-
erbated symptoms within 1 year after the disaster?”, and 
“Did your child, diagnosed with atopic dermatitis, have 
their treatment for atopic dermatitis interrupted for more 
than one month after the disaster?”, and “Did your child, 
diagnosed with atopic dermatitis, have recurrent or exacer-
bated symptoms within 1 year after the disaster?”.

Also included in the questionnaire were items regard-
ing birth year, birth month, history of hospitalisation, his-
tory of being diagnosed with an allergic disease, the 
Japanese language version of the Strengths and Difficulties 

Fig. 2.  Flow chart of subject enrollment. 
A total of 2,399 schoolchildren who had a diagnosis of asthma and 2,107 with atopic dermatitis were included in the 
study.  ISAAC, International Study of Asthma and Allergies in Childhood; SDQ, Strengths and Difficulties Question-
naire.
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Questionnaire (SDQ) (Matsuishi et al. 2008), and disaster 
experience.  A history of hospitalization was defined as hos-
pitalization for any reason, including asthma, atopic derma-
titis, or other diseases or symptoms.  The SDQ is a brief 
questionnaire composed of 25 items designed to investigate 
mental health difficulties in the daily and social lives of 
children (Goodman 1997; Matsuishi et al. 2008).  An SDQ 
total difficulties score greater than 16/40 points was consid-
ered to be in the “high need” range (Matsuishi et al. 2008).  
The questionnaire item regarding disaster experience was 
“At the time of the disaster, please choose all that your 
child experienced”, with the choices provided as “earth-
quake”, “tsunami”, “both”, or “none”.

Data analysis
For descriptive statistics, we calculated the prevalence 

of wheezing and eczema symptoms and then used the chi-
square test and one-way analysis of variance (ANOVA) for 
analysis.

To examine associations of recurrence or exacerbation 
of asthma or atopic dermatitis within a year after the Great 
East Japan Earthquake and the symptoms of asthma or 
atopic dermatitis at the survey point, we performed multi-
variate logistic regression analysis adjusted for statistically 
significant variables in single regression analyses and com-
puted the odds ratios (ORs) at several years after the disas-
ter.  The variable “coastal municipality” was defined by the 

location of the public school affiliation of the children.  If 
the school was located in a coastal municipality, i.e., 
Higashimatsushima, Iwanuma, Kesennuma, Minamisanriku, 
Natori, Onagawa, Shichigahama, Watari, or Yamamoto, 
“coastal municipality” was coded as “yes”.  P values less 
than 0.05 were considered statistically significant.  All sta-
tistical analyses were performed using SAS (version 9.4; 
SAS Institute Inc., Cary, NC, USA).

Results
Among the 2,399 schoolchildren with a diagnosis of 

asthma and the 2,107 with a diagnosis of atopic dermatitis, 
almost all (N = 2,365, 98.6% and 2,081, 98.7%, respec-
tively) had experienced an earthquake, and 714 schoolchil-
dren had diagnoses of both asthma and atopic dermatitis.

Table 1 lists the number of schoolchildren with wheez-
ing and severe wheezing at each survey point.  There was a 
significant association of wheezing with age, school grade 
at the survey point, and recurrence/exacerbation of asthma 
symptoms in the aftermath of the disaster.  195 (71.2%) 
schoolchildren had wheezing at the survey point among 274 
who had experienced recurrence/exacerbation of asthma 
symptoms.  Severe wheezing was significantly associated 
with age, school grade, clinical range of SDQ score, and the 
recurrence/exacerbation of asthma symptoms in the after-
math of the disaster.

Table 2 lists the number of schoolchildren with eczema 

Table 1.  Characteristics of schoolchildren according to symptoms of asthma.

Total
Wheezing Severe wheezing

(+) (−) P value (+) (−) P value

N 2,399 (100.0) 750 (31.3) 1,649 (68.7) 253 (10.5) 2,146 (89.5)
Survey year

2013 626 (26.1) 211 (33.7)  415 (66.3)   0.1112  72 (11.5)  554 (88.5)   0.4203
2014 1,167 (48.7) 368 (31.5)  799 (68.5) 125 (10.7) 1,042 (89.3)
2015   606 (25.3) 171 (28.2)  435 (71.8)  56 (9.2)   550 (90.8)

Age, years 10.7 ± 2.12 10.2 ± 2.01 11.0 ± 2.12 < 0.0001 10.1 ± 2.05 10.8 ± 2.11 < 0.0001
Grade

2nd   511 (21.3) 213 (41.7)  298 (58.3) < 0.0001  85 (16.6)   426 (83.4) < 0.0001
4th   646 (26.9) 221 (34.2)  425 (65.8) 59 (9.1)   587 (90.9)
6th   730 (30.4) 225 (30.8)  505 (69.2)  84 (11.5)   646 (88.5)
8th   512 (21.3)  91 (17.8)  421 (82.2) 25 (4.9)   481 (95.1)

Sex, boy 1,432 (59.7) 456 (31.8)  976 (68.2)   0.4554 153 (10.7) 1,279 (89.3)   0.7884
History of hospitalization 1,177 (49.1) 377 (32.0)  800 (68.0)   0.4261 135 (11.5) 1,042 (88.5)   0.1482
“High need” range on the SDQ*   445 (18.6) 154 (34.6)  291 (65.4)   0.0918  71 (16.0)   374 (84.0) < 0.0001
Coastal municipality**   860 (35.9) 284 (33.0)  576 (67.0)   0.1644  93 (10.8)   767 (89.2)   0.7495
Tsunami experience   364 (15.2) 118 (32.4)  246 (67.6)   0.6059  40 (11.0)   324 (89.0)   0.7651
Change of living environment   590 (24.6) 197 (33.4)  393 (66.6)   0.1994  70 (11.9)   520 (88.1)   0.2299
Recurrence or exacerbation at 
the disaster

  274 (10.0) 195 (71.2)   79 (28.8) < 0.0001 104 (38.0)   170 (62.0) < 0.0001

Data are expressed as mean ± standard deviation or number (%).  *An SDQ total difficulties score of 16 points or more was considered 
to be in “high need” range (Matsuishi et al. 2008).  **Schoolchildren in coastal municipalities were those affiliated with a school located 
along the coast, i.e., Higashimatsushima, Iwanuma, Kesennuma, Minamisanriku, Natori, Onagawa, Shichigahama, Watari and Yama-
moto. SDQ, Strengths and Difficulties Questionnaire. 
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and severe eczema at each survey point.  There was a sig-
nificant association of eczema with survey year, age, school 
grade, history of hospitalisation, clinical range of SDQ 
score, experience of tsunami, school location at the survey 
point, and recurrence/exacerbation of atopic dermatitis 
symptoms in the aftermath of the disaster.  379 (81.9%) 
schoolchildren had eczema at the survey point among 463 
who had experienced recurrence/exacerbation of atopic der-
matitis symptoms.  There was a significant association of 
severe eczema with survey year, age, school grade, sex, 
clinical range of SDQ, school location at the survey point, 
and recurrence/exacerbation of atopic dermatitis symptoms 
in the aftermath of the disaster.  The proportion of school-
children living in coastal municipalities showed a decrease 
with time [Total: 804/2,107 (38.2%), Survey 2013: 375/603 
(62.2%), 2014: 292/964 (30.3%), 2015: 137/540 (25.4%), P 
< 0.0001]; whereas the proportion of 2nd grade schoolchil-
dren among the survey respondents [Total: 461/2,107 
(21.9%), Survey 2013: 139/603 (23.1%), 2014: 215/964 
(22.3%), 2015: 107/540 (19.8%), P =0.5826] and the pro-
portion of schoolchildren under no treatment among those 
with eczema [Total: 290/947 (30.6%), Survey 2013: 89/300 
(30.0%), 2014: 130/413 (31.5%), 2015: 71/234 (30.3%), P 
= 0.8695] showed no increase with time.

We confirmed significantly positive associations of 
experience of tsunami, living in a coastal municipality, and 
interruption of treatment following the disaster with recur-

rence/exacerbation (Tables 3 and 4).  Of the 274 schoolchil-
dren with recurrence/exacerbation of asthma, 111 (40.5%) 
had interruption of their asthma treatment over the month 
following the disaster (Table 3).  Of the 463 schoolchildren 
with recurrence/exacerbation of atopic dermatitis 271 
(58.5%) had interruption of their treatment for atopic der-
matitis over the month following the disaster (Table 4).

Among the 2,399 schoolchildren with asthma, children 
in the “high need” range on the SDQ were 152/860 (17.7%) 
schoolchildren in the coastal municipalities, 293/1,539 
(19.0%) in the inland municipalities, 72/364 (19.8%) of 
schoolchildren with tsunami experience, and 373/2,035 
(18.3%) without tsunami experience (P = 0.4098, P = 
0.5119, respectively) (Table 5).

Among the 2,107 schoolchildren with atopic dermati-
tis, 144/804 (17.9%) schoolchildren in the coastal munici-
palities, 241/1,303 (18.5%) in the inland municipalities, 
66/302 (21.9%) schoolchildren with tsunami experience, 
and 319/1,805 (17.7%) without tsunami experience were in 
the “high need” range on the SDQ (P = 0.7356, P = 0.0818, 
respectively) (Table 5).

The multivariate logistic regression analysis revealed 
that wheezing and severe wheezing at the survey point were 
positively associated with recurrence/exacerbation of symp-
toms in the aftermath of the disaster, and the odds ratio of 
wheezing and recurrence/exacerbation of asthma symptoms 
was 6.54 (95% confidence interval, 95% CI 4.94-8.67) 

Table 2.  Characteristics of schoolchildren according to symptoms of atopic dermatitis.

Total
Eczema Severe eczema

(+) (−) P value (+) (−) P value

N 2,107 (100.0) 947 (45.0) 1,160 (55.0) 116 (5.5) 1,991 (94.5)
Survey year

2013   603 (28.6) 300 (49.8)  303 (50.3)   0.0191 22 (3.7)  581 (96.4)   0.0368
2014   964 (45.8) 413 (42.8)  551 (57.2) 56 (5.8)  908 (94.2)
2015   540 (25.7) 234 (43.3)  306 (56.7) 38 (7.0)  502 (93.0)

Age, years 10.8 ± 2.18 10.4 ± 2.19 11.1 ± 2.13 < 0.0001 10.0 ± 2.29 10.8 ± 2.17 < 0.0001
Grade

2nd   461 (21.9) 261 (56.6) 200 (43.4) < 0.0001 45 (9.8)  416 (90.2) < 0.0001
4th   545 (25.9) 269 (49.4) 276 (50.6) 29 (5.3)  516 (94.7)
6th   601 (28.5) 239 (39.8) 362 (60.2) 21 (3.5)  580 (96.5)
8th   500 (23.7) 178 (35.6) 322 (64.4) 21 (4.2)  479 (95.8)

Sex, boys 1,140 (54.1) 529 (46.4) 611 (53.6)   0.1440 74 (6.5) 1,066 (93.5)   0.0312
History of hospitalization   721 (34.2) 356 (49.4) 365 (50.6)   0.0032 47 (6.5)  674 (93.5)   0.1414
“High need” range on the SDQ*   385 (18.3) 207 (53.8) 178 (46.2)   0.0001 43 (11.2)  342 (88.8) < 0.0001
Coastal municipality**   804 (38.2) 386 (48.0) 418 (52.0)   0.0263 34 (4.2)  770 (95.8)   0.0436
Tsunami experience   302 (14.3) 155 (51.3) 147 (48.7)   0.0161 19 (6.3)  283 (93.7)   0.5177
Change of living environment   510 (24.2) 233 (45.7) 277 (54.3)   0.6993 26 (5.1)  484 (94.9)   0.6431
Recurrence or exacerbation at 
the disaster

  463 (22.0) 379 (81.9)  84 (18.1) < 0.0001 69 (14.9)  394 (85.1) < 0.0001

Data are expressed as mean ± standard deviation or number (%).  *An SDQ total difficulties score of 16 points or more was considered 
to be in “high need” range on the SDQ (Matsuishi et al. 2008).  **Schoolchildren in coastal municipalities were those affiliated with a 
school located along the coast, i.e., Higashimatsushima, Iwanuma, Kesennuma, Minamisanriku, Natori, Onagawa, Shichigahama, Watari 
and Yamamoto.  SDQ, Strengths and Difficulties Questionnaire.
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(Table 6).
There was a positive association of eczema and severe 

eczema at the survey point with recurrence/exacerbation of 
symptoms in the aftermath of the disaster, and the odds 
ratio of eczema and recurrence/exacerbation of atopic der-
matitis symptoms was 8.12 (95% CI 6.25-10.55) (Table 7).

The odds ratio of wheeze and severe wheeze a few 
years after the disaster and the experience of recurrence/
exacerbation showed no significant difference between with 
and without directive exposure to the disaster by such as 
experience of tsunami and living in a coastal municipality 
(Table 6).  In contrast, the odds ratio of eczema and severe 
eczema after the experience of recurrence/exacerbation 
were higher among schoolchildren with experience of tsu-
nami and who lived in a coastal municipality (Table 7).

Discussion
We examined associations between the recurrence/

exacerbation of symptoms within a year after the Great East 
Japan Earthquake and the symptoms of asthma or atopic 
dermatitis several years after the disaster in schoolchildren 
who had a diagnosis of asthma or atopic dermatitis.

The prevalence of wheezing and severe wheezing was 
significantly higher in younger children.  The fact that aller-
gic symptoms were more frequent in younger children has 
already been pointed out (Futamura et al. 2011), and the 
results among children with a diagnosis of asthma were also 
similar to results from previous reports among schoolchil-
dren in the southern area of Miyagi Prefecture (Miyashita et 
al. 2015).  One of the reasons for the high prevalence of 
wheezing and severe wheezing among younger children 
might be that respiratory function is underdeveloped in 

early childhood (Martinez et al. 1995; Stein et al. 1999).
The prevalence of eczema was slightly higher in 2013, 

which might be partly because the study area comprised 
mainly coastal municipalities in that year.  However, the 
prevalence of severe eczema was slightly lower in 2013, 
which may be due to a random error because of the small 
number of schoolchildren in this group (N = 22).  In line 
with our previous paper (Kuniyoshi et al. 2018), the present 
analyses demonstrated that the “high need” range on the 
SDQ was positively associated with eczema and severe 
eczema (Table 2).  Severe eczema itself was associated with 
high total SDQ score and sleep disturbance due to itchy, 
scratching skin.  Severe wheezing might also cause mental 
health problems, including affective disorders, anxiety dis-
orders, and pervasive developmental disorders (Baglioni et 
al. 2016).

The finding of the higher prevalence of “high need” 
level difficulty after the earthquake and tsunami (Kikuya et 
al. 2015) indicates that after a disaster, children with severe 
wheezing and severe eczema need support for mental diffi-
culties in daily life.

The prevalence and adjusted odds ratios of wheezing 
and severe wheezing were significantly higher in school-
children who had recurrence/exacerbation in the aftermath 
of the disaster compared with those who had no recurrence/
exacerbation at that time.  The prevalence of exacerbation 
of asthma symptoms was previously found to be higher 
among patients whose treatment with inhaled corticoste-
roids was interrupted during the disaster compared with 
those who continued their treatment in the time following 
the Great East Japan Earthquake (Fukuhara et al. 2012).  
There were fewer exacerbations of asthma in adult patients 

Table 3.  Associations between recurrence or exacerbation at the disaster and the disaster: asthma.

N (%)
Recurrence or exacerbation at the disaster

(+) (−) P value

Total 2,399 (100.0) 274 (100.0) 2,125 (100.0)
Coastal municipality  860 (35.9) 126 (46.0)  734 (34.5)   0.0002 
Tsunami experience  364 (15.2) 61 (22.3)  303 (14.3)   0.0005 
Interruption of asthma treatment over the 
month following the disaster  323 (21.0) 111 (40.5)  239 (11.3) < 0.0001 

Data are expressed as number (%).

Table 4.  Associations between recurrence or exacerbation at the disaster and the disaster: atopic dermatitis.

N (%)
Recurrence or exacerbation at the disaster

(+) (−) P value

Total 2,107 (100.0) 463 (100.0) 1,644 (100.0)
Coastal municipality  804 (38.2) 223 (48.2)  581 (35.3) < 0.0001
Tsunami experience  302 (14.3)  96 (20.7)  206 (12.5) < 0.0001
Interruption of atopic dermatitis treatment 
over the month following the disaster  566 (26.9) 271 (58.5)  295 (17.9) < 0.0001

Data are expressed as number (%).
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Table 5.  Associations between “High need” range on the Strengths and Difficulties Questionnaire (SDQ)* and the disaster.

Asthma Atopic dermatitis

Total “High need” 
range on the SDQ P value Total “High need” 

range on the SDQ P value

N 2,399 (100.0) 445 (18.6) 2,107 (100.0) 385 (18.3)
Area of municipality**

Coastal   860 152 (17.7) 0.4098   804 144 (17.9) 0.7356
Inland 1,539 293 (19.0) 1,303 241 (18.5)

Tsunami experience
Yes   364  72 (19.8) 0.5119   302  66 (21.9) 0.0818
No 2,035 373 (18.3) 1,805 319 (17.7)

Data are expressed as number (%).  *An SDQ total difficulties score of 16 points or more was considered to be in “high need” 
range on the SDQ (Matsuishi et al. 2008).  **Schoolchildren in coastal municipalities were those affiliated with a school 
located along the coast, i.e., Higashimatsushima, Iwanuma, Kesennuma, Minamisanriku, Natori, Onagawa, Shichigahama, 
Watari and Yamamoto. 

Table 6.  Adjusted odds ratios of wheezing and severe wheezing in relation to recurrence/exacerbation.

Wheezing Severe wheezing

N (%) Odds ratio
[95% confidence interval]

Interaction
P N (%) Odds ratio

[95% confidence interval]
Interaction

P

Total, N = 2,399 750 (31.3) 6.54 [4.94-8.67] − 253 (10.5) 7.41 [5.49-9.99] −
Area of municipality

Coastal, N = 860 284 (33.0) 5.56 [3.6 -8.40] 0.313  93 (10.8) 6.30 [3.92-10.14] 0.334
Inland, N = 1,539 466 (30.3) 7.46 [5.05-11.01] 160 (34.3) 8.64 [5.85-12.78]

Tsunami experience
(+), N = 364 118 (32.4) 5.39 [2.94-9.87] 0.382  40 (11.0) 8.13 [3.97-16.66] 0.789
(−), N = 2,035 632 (31.1) 7.01 [5.08-9.68] 213 (10.5) 7.38 [5.29-10.29]

Data are expressed as adjusted odds ratios with 95% confidence intervals for wheezing and severe wheezing symptoms in schoolchil-
dren who experienced recurrence or exacerbation of asthma within 1 year after the Great East Japan Earthquake compared with those 
who did not experience recurrence or exacerbation.
The odds ratios were adjusted for statistically significant variables in single regression analyses; age and “high need” range on SDQ.

Table 7.  Adjusted odds ratios of eczema and severe eczema in relation to recurrence/exacerbation.

Eczema Severe eczema

N (%) Odds ratio
[95% confidence interval]

Interaction
P N (%) Odds ratio

[95% confidence interval]
Interaction 

P

Total, N = 2,107 947 (44.9)  8.12 [6.25-10.55] − 116 (5.5) 5.77 [3.86-8.62] −
Area of municipality

Coastal, N = 804 386 (48.0) 10.93 [7.23-16.53] 0.053  34 (4.2) 14.35 [5.41-38.09] 0.024 
Inland, N = 1,303 561 (43.1) 6.53 [4.65-9.17]  82 (6.3) 4.53 [2.83-7.25]

Tsunami experience
(+), N = 302 155 (51.3) 13.69 [6.83-27.46] 0.142  19 (6.3) 17.71 [3.88-80.80] 0.093
(−), N = 1,805 792 (43.9) 7.47 [5.62-9.92]  97 (5.4) 5.12 [3.32-7.89]

Data are expressed as adjusted odds ratios with 95% confidence intervals for eczema and severe eczema symptoms in schoolchildren 
who experienced recurrence or exacerbation of atopic dermatitis within 1 year after the Great East Japan Earthquake compared with 
those who did not experience recurrence or exacerbation.
The odds ratios were adjusted for statistically significant variables in single regression analyses; survey year, age, sex, history of hospi-
talization, “high need” range on SDQ, school location and tsunami experience.
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who continued their asthma management during the 
Chuetsu Earthquake in 2004 than in those who did not con-
tinue (Suzuki et al. 2007).  Several other reports have also 
reported that the exacerbation of asthma symptoms might 
have been caused by interruption of treatment just after the 
Great East Japan Earthquake (Takakura et al. 1997; 
Ohkouchi et al. 2013; Yamanda et al. 2013), and another 
found a positive association between a history of asthma 
and the severity of respiratory symptoms after the 1997 
Haze Disaster in Indonesia (Kunii et al. 2002).  In studies 
of the World Trade Center Disaster of September 11, 2001, 
the prevalence or diagnosis of asthma in children who had 
been exposed to dust clouds was also high a few years after 
the disaster (Thomas et al. 2008; Trye et al. 2018).  These 
results suggest that among children, symptoms of asthma 
recur easily or are exacerbated and prolonged by exposure 
to disasters.  Therefore, the effect on asthma symptoms 
after the Great East Japan Earthquake might also be long-
term, especially among schoolchildren who experienced 
recurrence/exacerbation of symptoms in the aftermath of 
the disaster.

The prevalence of eczema or severe eczema was sig-
nificantly higher in schoolchildren of younger age and in 
those with a history of hospitalisation.  Possible reasons for 
the high prevalence among younger children could include 
underdeveloped skin barrier function in early childhood or 
pre-existing health problems associated with skin disorders 
(Garg and Silverberg 2015; Weidinger and Novak 2016).  It 
is necessary that after a disaster, the symptoms of atopic 
dermatitis should be attended to immediately in young chil-
dren and children with a history of hospitalisation.

The prevalence of severe eczema was significantly low 
in schoolchildren from schools in coastal municipalities.  
There was a difference in prevalence of a few percent 
among the school locations, although the classification of 
school location as coastal or inland among the municipali-
ties was itself vague.  For these reasons, it is difficult to 
conclude that the prevalence of severe eczema was slightly 
lower in coastal municipalities than in inland municipali-
ties.

The ORs of wheezing, severe wheezing, eczema, and 
severe eczema were significantly higher in schoolchildren 
who had recurrence/exacerbation of symptoms just after the 
disaster compared with schoolchildren who had no recur-
rence/exacerbation.  Almost all schoolchildren experienced 
the Great East Japan Earthquake, which caused serious 
damage to lifelines and medical services throughout Miyagi 
Prefecture.  We confirmed that exposure to the disaster, 
including experiencing the tsunami and living in coastal 
municipality, might be strongly associated with recurrence/
exacerbation within 1 year after the Great East Japan 
Earthquake, and that exposure to the disaster and recur-
rence/exacerbation might be also associated with allergic 
symptoms experienced several years after the disaster.

A previous study based on medical records reported 
that atopic dermatitis patients with interruption of treatment 

experienced exacerbation of their symptoms after the Great 
East Japan Earthquake (Ozawa et al. 2015).  In the present 
study, schoolchildren with recurrence/exacerbation of 
asthma or atopic dermatitis in the aftermath of the disaster 
also had interrupted treatment at more than one month after 
the disaster.  Although poor adherence to treatment for 
asthma or atopic dermatitis might also have affected treat-
ment interruption (Krejci-Manwaring et al. 2007; Suzuki et 
al. 2011; Torrelo et al. 2013; Murota et al. 2015), the short-
age or absence of drugs and the impossibility of bathing 
following damage to lifelines might be the main reasons for 
treatment interruption just after the Great East Japan 
Earthquake.  Previous studies have also indicated that the 
persistence of asthma and atopic dermatitis are prolonged 
in children with severe symptoms (Kim et al. 2016; Fuchs 
et al. 2017).

This study has several limitations.  First, the response 
rate for the questionnaire was only 24.0%.  Although no 
differences in age or sex were found among the years of the 
survey (P > 0.5), our results may have been affected by 
self-selection bias; e.g., parents or caregivers whose child 
had wheezing or eczema might have been more likely to 
respond.  Second, as our results relied exclusively on a ret-
rospective, parent-administered questionnaire, we might not 
have been able to grasp accurate symptoms, particularly 
those from just after the disaster.  Third, it is difficult to 
determine a causal relationship between wheezing and 
eczema at several years after the Great East Japan 
Earthquake and recurrence/exacerbation of asthma and 
atopic dermatitis that occurred just after the disaster 
because we conducted cross-sectional surveys rather than 
longitudinal cohort studies.  However, the strengths of our 
study are that it is one of the few studies with a large sam-
ple size that targeted mid- and long-term allergy symptoms 
among schoolchildren living in a region seriously damaged 
by a natural disaster.  Therefore, we consider that the results 
of the present study indicate the mid- and long-term influ-
ences of the Great East Japan Earthquake on allergic dis-
eases in children.

In conclusion, significant association was found 
between recurrence/exacerbation of asthma and atopic der-
matitis within one year after the Great East Japan and the 
symptoms of asthma and atopic dermatitis at the survey 
point several years after the disaster.  This finding indicates 
that preparation is necessary to prevent recurrence/exacer-
bation, and the importance of identifying and treating aller-
gic symptoms, and supporting children to continue their 
allergy treatments and daily care in the immediate aftermath 
of a natural disaster.
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