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( Objetives

Clarify the current state and issues In
disaster and health crisis management
research addressing adverse health
outcomes occurred after natural disasters

in Japan and organize the knowledge
obtained.



(Scoping Review Summary

Current Status:

e Health impact surveys due to disasters became common
after 1995

e About 10,970 articles identified.

e 11.2% (n=1,297) were quantitative studies targeting
disaster victims

e More than 50% articles were about mental health

e 9.7% (n=1,060) were in English

e 5.6% (n=613) were cohort studies



(Scoping Review Summary )

ldentified Issues:

e Research design and data collection methods were often
unclear

e Research design and data collection methods were often
unclear

e Methodological issues e.g. analysis strategy

e General issues e.g. consistency between purposes and
results



( Methods )

2024

June: Create search formula and register to OSF
July: Create database with Rayyan

July-August: First screening
September-November: Article collection
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March: Initial analysis

$i¢ OSFHOME v

aaaaaaaaaaaaa

Mapp]ng the Research Landscape of Di... Metadata Files Wik Components Analytics Registrations Contributors Add-ons Settings

Mapping the Research Landscape of Disaster-
Related Deaths and Health Effects in Japan: A
Scoping Review

Citation

lllll

ooooooo

Citation Actions



( Methods: Data Collection & First Screening )

Databases used:

MEDLINE
Embase

Ichushi (Japanese medical DB)

Psychinfo
CINAHL

Total Titles/Abstracts Screened

10,970

Screening

Records identified from:
Databases (n = 16,870):
MEDLINE (n = 7,149)
Embase (n = 6,240)
CINAHL (n = 1,561)
Psycinfo (n =431)

Ichushi-Web (n = 1,489)

>

Records removed before screening:
Duplicate records (n = 5,900)
Records marked as ineligible by automation
tools (n=0)

Records removed for other reasons (n = 0)

|

Records screened Records excluded

(n = 10,970) > (n=0)
Reports sought for retrieval | Reports not retrieved

(n=0) (n=0)

l Reports excluded:

Reports assessed for eligibility > Reasoni (n = NA)

(n=0) Reason2 (n = NA)

Reason3 (n = NA)

|

New studies included in review
(n=0)

Reports of new included studies
(n=0)




( Methods: Data Collection & First Screening

Exclusion Criteria:

1.Subjects who are responders or supporters from outside the
disaster area,

2.Use of qualitative research methodology only,

3.Not addressing disaster-related deaths, illnesses, or health-
related symptoms of individuals affected by natural disasters,

4.Surveillance reports not addressing disaster-related deaths,
iIllnesses, or health-related symptoms of individuals affected by
natural disasters,

5.Conference proceedings, guidelines, commentaries, reviews,

6.Written in languages other than English or Japanese.



( Methods: Second Screening & Data Extraction

Second screening articles: 1,557
Final included articles: 1,297

Data Points Extracted Beyond Basic Info:
e Region of data collection
e Duration of data collection (start and end months)
e Response rate
e Dropout rate



(Overall Summary )

Current Status:
e Health impact surveys initiated after 1995
e 10,970 articles identified.
e 11.2% (n=1,297) were quantitative studies targeting disaster
victims
e 9.7% (n=1,060) were in English
e 5.6% (n=613) were cohort studies
Identified Issues:
e Research design and data collection methods were often unclear
e Methodological issues e.g. analysis strategy
e General issues e.g. consistency between purposes and results



( Chronological Mapping '

No research before 1995
Focused on large-scale disasters
Few studies on non-earthquake
disasters

22 volcanic disaster studies

2 meteorological disaster studies
68.1% (n=1,060) in English

1995 Hanshin-Awaji Earthquake ¢ 2004 Chuetsu Earthquake
© 2011 GEJE ® 2016 Kumamoto
@® 2018 Western Japan heavyrain @ 2020 Kumamoto heavyrain

@® 2020COIVD @ Volcanics @ Others
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600

500
400
300
200




( Hanshin Awaji Earthquake Mapping ' |
¢ Psychiatry @ Cariovascular

@ Endcrine/Metabolic @ gastrointestinal

@ Musculoskeletal @ Respiratory

57 articles
e Peakin 1997
e 36.8% (n=21) in English

Psychiatry

Cariovascular

Health issues

e Psychiatry-related: 47.4% (n=27) Endcrine/Metabolic
e Cardiovascular: 17.5% (n=10)
e Endocrine/metabolic: 15.8% (n=9) gastrointestinal
e Gastrointestinal: 5.3% (n=3)
e Musculoskeletal: 3.5% (n=2)
e Respiratory: 1.8% (n=1)

Musculoskeletal

Respiratory

0 5 10 15 20 25 30



( Hanshin Awaji Earthquake Mapping b

e Cross-sectional: 50.9% (n=29)

e Retrospective cohort: 38.6% (n=22)
e Prospective cohort: 8.8% (n=5)

e Unclear: 1.8% (n=1)

- CS © RestspectC @ ProspectC ® Unclear

Design

0 20 40 60 80 100




( Hanshin Awaji Earthquake Mapping '

Sites
e Hyogo: 78.9% (n=45)
e Others: 7.0% (n=4)
e Unclear: 14.0% (n=8)

_ Others @ Unclear

@ Hyogo

Hyogo Others Unclear



( Mapping: Great East Japan Earthquake ' © Psychiatry @ Cariovascular
@® Endcrine/Metabolic

@ Health-related bahaviors @ Musculoskeletal

628 articles
* Peakin 2016 and 2021
e 80% (n=497) in English

@ Respiratory

Psychiatry

Cariovascular

Health issues

e Psychiatry: 53.8% (338 studies) Enderine/Metabolic

e Cardiovascular: 13.1% (82)

e Endocrine/Metabolic: 7.0% (44) Health-related bahaviors

e Health-related behaviors: 6.2% (39)

e Musculoskeletal: 5.1% (32) Husculoskeletal

e Respiratory: 3.5% (22) |
Respiratory

0 50 100 150 200 250 300 350



( Mapping: Great East Japan Earthquake b

Design
e Cross-sectional: 41.5% (n=261)
e Prospective cohort: 30.7% (n=193)
e Retrospective cohort: 22.5% (n=141)
e Case-control: 1.1% (n=T7)
e Interventional: 0.8% (n=>5)

- CS  © ProspectC @ RestspectC @ Case-control @ Interventional

Design

0 20 40 60 80 100




( Mapping: Great East Japan Earthquake '

Sites

Miyagi: 34.9% (n=219)
Fukushima: 34.2% (n=215)
lwate: 4.9% (n=31)
Multi-cities: 9.2% (n=58)
Nationwide: 4.8% (n=30)
Unspecified: 4.5% (n=28)

. Miyagi @ Fukshima ® Iwate @ Multi-cities

@ Nationwide @ Unspecified
250

200

150

100

50

0

Miyagi Fukshima lwate Multi-cities Nationwide Unspecified



CMapping: COVID )

460 articles

Peak in 2021
99.6% (n=458) in English *

Health issues

Psychiatry-related: 60.2% (n=277)
Health-related behaviors: 13.3% (n=61)
COVID-related symptoms: 5.7% (n=26)
Endocrine/metabolic diseases: 5.0% (n=23)
Musculoskeletal disorders: 3.9% (n=18)
Respiratory diseases: 2.0% (n=9)
Gastrointestinal diseases: 1.7% (n=8)

Psychiatry

Health-related behaviors

COVID-related symptoms

Endrine/Metabolic

Musculoskeletal

Respratory

Gastrointestinal

Psychiatry Health-related behaviors
@ COVID-related symptoms
@ Endrine/Metabolic @ Musculoskeletal

@® Respratory @ Gastrointestinal

50 100 150 200 250 300



( Mapping: COVID b

Design
e Cross-sectional studies: 54.8% (n=252)
e Prospective cohort studies: 19.1% (n=88)
e Retrospective cohort studies: 18.7% (n=86)
e Observational studies: 2.8% (n=13)
e Intervention studies: 0.2% (n=1)

e Unclear: 2.6% (n=12)

- CS @ ProspectC @® Obervational

@ RestspectC

Design
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 Nationwide @ Tokyo @ Osaka

( Mapping: COIVD '

Sites
e Nationwide: 85.9%(n=395)
e Tokyo: 3.3% (15 cases)
e Osaka: 1.1% (5 cases)
e Others: 3.0% (14 cases)
e International studies: 1.3% (6 cases)

@ Other @ International

400

300

200

100




( Mapping Western Japan Heavy Rain '

6 articles
® 66.7% (n=4) in English
Health issues
e Psychiatry-related: 50.0% (n=3) Peyehiaty
e Health-related behaviors: 16.7% (n=1)
e Others: 33.3% (n=2)

FR30F7 A RMBEXHO HhRFHE (2018-2024 )

@ Psychiatry @ Health-related behaviors

@ Others

Health-related behaviors

Others




( Mapping: Western Japan Heavy Rain '

Design O Hiroshima @ Ehime @ Okayama
e Cross-sectional studies: 50.0% (n=3)
e Retrospective cohort studies: 50.0% (n=3)
Site
e Hiroshima: 66.8% (n=3)
e Ehime: 16.6% (n=1)
e Okayama: 16.6% (n=1)

S ORC

Design

0 20 40 60 80 100 ' Hiroshima Ehime Okayama



(Overall Summary )

Current Status:
e Health impact surveys initiated after 1995
e 10,970 articles identified.
e 11.2% (n=1,297) were quantitative studies targeting disaster
victims
e 9.7% (n=1,060) were in English
e 5.6% (n=613) were cohort studies
Identified Issues:
e Research design and data collection methods were often unclear
e Methodological issues e.g. analysis strategy
e General issues e.g. consistency between purposes and results
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Summary This study clarifies the association between disaster knowledge levels and
beginning to stockpile food at home as a disaster preparedness. This survey was conducted
between 18-20 December 2019 using a self-administered web-based questionnaire. The
participants were recruited from panel members of an online survey company. A total of
1,200 adults living in the five Japanese prefectures with the highest predicted food short-
ages after the anticipated Nankai Trough earthquake, took part in the study. Multivariable
logistic regression analyses revealed a significant positive relationship between disaster
knowledge level and beginning food stockpiling (p for trend <<0.001). Compared with those
who had a low level of disaster knowledge, participants who had a medium level of knowl-
edge were 2.11 times more likely to begin stockpiling food (adjusted odds ratio [OR]: 2.11,
95% confidence intervals [CI]: 1.49-2.97), whereas those with the highest knowledge level
were 2.52 times more likely to begin stockpiling food (adjusted OR: 2.52, 95% CIL: 1.79-
3.56). Beginning food stockpiling can be the first step toward disaster preparedness. It is
considered that people with low disaster knowledge levels are more likely to have no begin-
ning food stockpiling and are at high risk for disasters. These findings suggest ways to
approach prioritizing people facing high disaster risk.

Key Words disaster preparedness, disaster knowledge, food for disaster, food shortages,

food stockpiling

Lack of food and nutrition can cause health problems
after disasters or pandemics. In Indonesia. it was
reported that the prevalence of global acute malnutri-
tion was 12.7% three weeks after the disaster in areas
were affected by a tsunami (1). Additionally, in Sri
Lanka, weakness, stunting, and underweight were
reported one month after an earthquake (2). In Japan,
poor food quantity and quality were reported even one
month after the Great East Japan Earthquake ( 3). Previ-
ous studies have shown an association between poor
food and nutrition and health problems (e.g., hyperten-
sion, chronic diseases, constipation, etc.) (4-6). It is
important to remember that food supports human life,
and it is precisely in times of disaster or pandemic that
this must not be forgotten.

In addressing disaster preparedness, food preparation
is essential, as people affected by disasters will often face
food shortages (7). Avoiding food shortages will protect
the lives and health of survivors and minimize the dam-
age caused by disasters. Large-scale disasters are more
serious because of the large amounts of food required
and because the disaster area is likely to be widespread
(8). One of the primary causes of food shortages during
a disaster is the lack of stockpiled food. Indeed, in Japan,

*To whom correspondence should be addressed.
E-mail: ntsubo@nibiohn.go.jp

46.2% of households did not have food stockpiled in
2019 (9). Furthermore, even though the Japanese peo-
ple have experienced many disasters in the past 10y,
the food stockpiling rate has risen by only 6.4% (9, 10).
Therefore, promoting the first step of stockpiling food is
an urgent issue. During the coronavirus pandemic lock-
downs in 2019 (COVID-19), excess stockpiling of food
was found to be associated with knowledge (11). How-
ever, its relationship with stockpiling food in advance of
a natural disaster remains unclear.

Previous studies on promoting stockpiling for disas-
ters have shown some factors associated with stockpil-
ing (e.g., emergency kits, etc.). These studies reported
that the associated factors included individual or house-
hold characteristics, such as age, sex, income, educa-
tional level, and disaster knowledge (12—-17). Addition-
ally, Thomas et al., reported that disaster knowledge
was a significantly associated factor, as well as age or
sex (16). Regarding the association between food stock-
piling and knowledge, individuals who stockpiled food
excessively during the COVID-19 lockdown had prior
knowledge of government stockpiling recommenda-
tions (11). However, the previous study investigated
only a single food stockpiling knowledge factor.
Although it seems that a greater amount of knowledge
is important rather than just one knowledge factor (16),
there is no evidence related to the effects of greater
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disaster knowledge on food stockpiling for disaster pre-
paredness.

The purpose of this study was to investigate the asso-
ciation between the level of disaster knowledge and
beginning to stockpile food at home as a disaster pre-
paredness.

MATERIALS AND METHODS

Settings and participants. This study originally
sought to recruit 1,200 Japanese individuals aged
=20 y who were registered with an online survey com-
pany (Rakuten Insight, Inc., with a total of 2.2 million
registrants). The online survey company invited adults
who were interested in participating and included some
financial incentives (Rakuten Points) for participation.
The rule was that the first to answer questions received
participation incentives. The company then requested
selected registrants respond and closed recruitment
when the total number of participants exceeded the
sample size target. The authors received answers from
1,200 participants after the survey company excluded
those whose response time was extremely short or those
who gave inconsistent answers. The study populations
were from the five prefectures in Japan where the esti-
mated number of evacuees (18) per population (19) is
expected to be high after a Nankai Trough earthquake,
according to the Japanese government. These included
Kochi. Tokushima, Wakayama, Ehime and Mie prefec-
tures. The Japanese government estimates that the food
shortages that would be experienced after a Nankai
Trough earthquake would be greater than those caused
by the Great East Japan Earthquake (18). Consequently,
the risk of food shortages is expected to be high in these
five prefectures. The target individuals included those
who mainly prepared meals for the family because it
was assumed that they would also be the ones who
would stockpile food for the family as a disaster pre-
paredness. The following screening question was asked:
“Who in your family mainly prepares meals?” The pos-
sible answers were: “myself,” “someone other than
myself,” or “do not eat at home.” Only individuals who
answered “myself” were included in the study. Individu-
als who agreed to participate in the study completed an
anonymous online questionnaire between 18 and 20
December 2019, which included various questions
regarding their lifestyle and stockpiling food as a disas-
ter preparedness.

Instrument.

This study used a self-administered questionnaire
containing 35 items. Participants completed the ques-
tionnaires online using personal computers or smart-
phones, and 13 of the 35 questionnaire items were
analyzed (Table §1, Supplemental Online Material). The
questionnaire had three parts, as shown below.

Part 1: Sociodemographic information of individuals:
This part included questions regarding the individuals’
sex, age, employment status, educational background,
prefecture, disaster experience, and community activi-
ties (participating or not). It also included items related
to their families, such as household income, family com-

Table 1. Participants characteristics (n=1,200).

All participants

(n=1,200)
n (“n]

Sex

Male 370 (30.8)

Female 827 (68.9)

The others 3 (0.3)
Age

20-34y 348 (29.0)

35-59y 612 (51.0)

=60y 240 (20.0)
Employment status

Unemployed 408 (34.0)

Employed 792 (66.0)
Educational background

Below undergraduate 742 (61.8)

Above college degrees 453 (37.8)

Others 5 (04
Disaster experience

None 986 (82.2)

Have experience 214 (17.8)
Community activities

Do not participate 825 (68.8)

Participate 375 (31.3)
Prefecture

Mie pref. 368 (30.7)

Wakayama pref. 221 (18.4)

Tokushima pref. 164 (13.7)

Ehime pref. 333 (27.8)

Kochi pref. 114  (9.5)
Household income

<6 million yen 718 (59.8)

=6 million yen 287 (23.9)

Unknown 195 (16.3)
Family composition

Single household 358 (29.8)

Other 842 (70.2)
Vulnerable people in family

Absence 885 (73.8)

Presence 315 (26.3)

[tems of disaster knowledge
The need to assemble an emergency bag 1,117 (93.1)
Awareness that disasters were likely to 1,095 (91.3)
occur in Japan
The need to decide how to communicate 1,074 (89.3)
between families in an emergency
Appropriate amount of stockpiling disas- 642 (53.9)
ter food recommended by the Japanese

government

The meaning of outdoor warning sirens 613 (51.1)
in a residential area

Where to sign up for first-aid training 336 (28.0)

position, and vulnerable people in the family (presence
or none).

Part 2: Disaster knowledge (exposure): This part
examined knowledge about disaster preparedness and
contained six items. Five of the six items were modified
into the Japanese versions by the authors and were
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Table 2. Knowledge factors of participants at the beginning of food stockpiling for a disaster.
Food stockpiling
Number of Total
knowledge (n=998)" Never stockpiled Beginning stockpile p for trend
(n=4606) (n=532)
0 18 (1.8) 15(3.2) 3(0.6)
1 25(2.5) 20 (4.3) 510.9)
2 42 (4.2) 34(7.3) 8(1.5)
3 181 (18.1) 105 (22.5) 761(14.3) =<0.001
4 343 (34.4) 150 (32.2) 193 (36.3)
5 269 (27.0) 94 (20.2) 1751(32.9)
6 120 (12.0) 48 (10.3) 72(13.5)

n (“n).

! Excludes participants whose responses to questions about sex and educational background are “other” and whose house-

hold income is “unknown” (n=202).

based on a previous study from the United States (16).
The responses were “I know” or “[ don’t know.” The five
questions examined the following topics: (1) the need to
assemble an emergency bag; (2) the need to decide how
to communicate between families in an emergency; (3)
awareness that disasters were likely to occur in Japan;
(4) the meaning of outdoor warning sirens in residen-
tial areas; and (5) where to sign up for first-aid training.
The last of the six items, an additional item, addressed
knowledge about stockpiling food for disaster prepared-
ness in Japan. The question addressed the appropriate
amount of food to stockpile as recommended by the Jap-
anese government (20). Participants who answered
correctly were considered knowledgeable.

Part 3: Beginning of food stockpiling at home for a
disaster (outcome measures): Responses related to food
stockpiling status were obtained using six items refer-
ring to the transtheoretical model (TTM) of Prochaska,
which proposes stages of change (21-23). The items
were as follows: (1) not interested in stockpiling food for
disasters; (2) intending to stockpile food for disasters in
the next 6 mo; (3) ready to stockpile food for disasters in
the next month; (4) have stockpiled food for disasters
but have not replaced it; (5) have stockpiled food for
disaster and have replaced it more than once; and (6)
used to have a stockpile, but not now. Respondents who
selected (1)—(3) were classified as “never stockpiled”
and those who selected (4)—(6) were classified as “begin-
ning stockpile.” The amount and types of food in the
stockpiles were not restricted. Only whether or not
stockpiling had begun was considered.

Data analyses. The characteristics of the partici-
pants are presented as numbers and percentages for
categorical variables. Trend tests were conducted to
determine the amount of participant knowledge at the
beginning of food stockpiling for a disaster. Addition-
ally, the Fisher Exact test was conducted to identify the
participants’ characteristics and the association of
other factors at the beginning of food stockpiling.

Logistic regression analysis was used to explore the
statistical association between the levels of disaster

knowledge and beginning food stockpiling as a disaster
preparedness. To assess the relative disaster knowledge
levels of the participants, the number of disaster knowl-
edge was classified into three categories (low, medium.
and high) in ascending order so that the ratios would be
approximately the same. These three categories were
described as disaster knowledge level. Logistic regres-
sion analysis was conducted with “beginning stockpile”
as the dependent variable (reference category: “never
stockpiled”) and disaster knowledge level as the inde-
pendent variable. A total of 998 responses were entered
into the logistic regression model after excluding
responses from participants whose responses to sex and
educational background were “other” and whose
household income was “unknown.” Results were dis-
played as crude or adjusted odds ratios (ORs) with 95%
confidence intervals (95% CI). Additionally, factors
comprising three or more categories showed p-values
for trends. We initially examined the variables using
univariable analyses and then performed multivariable
analyses (forced entry method) to adjust for factors. The
adjusted factors included the following: sex (male or
female), age (20-34, 35-59, and =60 y), employment
status (employed or unemployed), educational back-
ground (below undergraduate or college degree and
above level), disaster experience (none or having experi-
ence), community activities (participate or do not par-
ticipate), prefecture (Mie, Wakayama, Tokushima,
Ehime, or Kochi), household income (<26 million yen or
=6 million yen), family composition (single household
or other) and vulnerable people in the family (absence
or presence). All these categories were classified to avoid
<10% of the total number in each factor. The p-values
were two-sided, with p<<0.05 considered statistically
significant. All analyses were performed using SPSS Sta-
tistics for Windows, ver. 26 (IBM Corp., Armonk, NY,
USA).

Ethics approval and consent to participate. This study
was conducted according to the principles expressed in
the Declaration of Helsinki. Participation in this study
was voluntary and the confidentiality of the data was
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Table 3. Participant characteristics and the association of other factors at the beginning of food stockpiling (n=998)".

Food stockpiling
p for Fisher
Never stockpiled Beginning stockpile Exact test
(n=466) (n=532)

Disaster knowledge level <0.001
Low (0-3) 173 (65.4) 92 (34.6)
Medium (4) 150(43.7) 193 (56.3)
High (5-6) 142 (36.5) 247 (63.5)

Sex <0.001
Male 189 (56.8) 144 (43.2)
Female 277 (41.7) 388 (58.3)

Age 0.001
20-34y 167 (53.7) 144 (46.3)
35-59y 229 (46.1) 268(53.9)
=60y 70(36.8) 120(63.2)

Employment status 0.065
Unemployed 132(42.3) 180(57.7)
Employed 334 (48.7) 352(51.3)

Educational background 0.093
Below undergraduate 292 (48.9) 305(51.1)
Above college degrees 174(43.4) 227 (56.6)

Disaster experience 0.468
None 382 (47.3) 426(52.7)
Have experience 84 (44.2) 106 (55.8)

Community activities <0.001
Do not participate 3571(53.0) 317 (47.0)
Participate 109 (33.6) 215 (66.4)

Prefecture 0.573
Mie pref. 128 (43.5) 166 (56.5)
Wakayama pref. 87(47.0) 98 (53.0)
Tokushima pref. 74 (50.7) 72(49.3)
Ehime pref. 135(48.7) 142 (51.3)
Kochi pref. 42(43.8) 54 (56.3)

Household income 0.042
<6 million yen 348 (48.7) 366 (51.3)
=6 million yen 118 (41.5) 166 (58.5)

Family composition <0.001
Single household 182 (57.6) 134 (42.4)
Other 284 (41.6) 398 (58.4)

Vulnerable people in family 0.193
Absence 354 (48.0) 384 (52.0)
Presence 112{43.1) 148 (56.9)

n (“n).

! Excludes participants whose responses to questions about sex and educational background are “other” and whose house-

hold income is “unknown” (n=202).

strictly observed. The study was approved by the
Research Ethics Committee of the Graduate School of
Tokyo Kasei University (approval number: R2-3) and
the Institutional Ethics Committee of the National Insti-
tute of Health and Nutrition (approval number:
KENEI127). All participants in this study were regis-
tered with the online survey company that obtained
their written informed consent.

RESULTS

Characteristics of participants
A total of 1,200 participants responded. Table 1
shows their characteristics. More females than males

responded (68.9% vs 30.8%) and the respondents were
aged 20-34 (29.0%), 35-59 (51.0%), and =60 (20.0%)
v. Knowledge about the need to assemble an emergency
bag (n=1,117, 93.1%) was the highest. In contrast,
knowledge about where to sign up for first-aid training
(n=336, 28.0%) was the lowest.

Table 2 shows the knowledge levels of participants at
the beginning of food stockpiling. The percentage of
those who began stockpiling food was 53.3% (n=532).
In contrast, the percentage of those who “never stock-
piled” was 46.7% (n=466). The knowledge levels were
0 (1.8%), 1 (2.5%), 2 (4.2%), 3 (18.1%). 4 (34.4%), 5
(27.0%). and 6 (12.0%). The disaster knowledge level
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Table 4. Statistical association between disaster knowledge level and other factors and beginning of food stockpiling for a

disaster (n=998)".

HARADA M et al.

Variables

Disaster knowledge level
Low (0-3)
Medium (4)
High (5-6)
Sex
Male
Female
Age
20-34y
35-59y
=60y
Employment status
Unemployed
Employed
Educational background
Below undergraduate
Above college degrees
Disaster experience
None
Have experience
Community activities
Do not participate
Participate
Prefecture
Mie pref.
Wakayama pref.
Tokushima pref.
Ehime pref.
Kochi pref.
Household income
<6 million yen
=6 million yen
Family composition
Single household
Other
Vulnerable people in family
Absence
Presence

Adjusted®

Crude
OR (95% CI)? p for trend
<0.001
1.00 (Reference)
2.43(1.75-3.39)**
3.29 (2.37-4.56)**
1.00 (Reference)
1.84 (1.51-2.09)**
<0.001

1.00 (Reference)
1.36(1.02-1.80)*
1.99 (1.37-2.88)"

1.00 (Reference)
0.77 (0.59-1.01)

1.00 (Reference)
1.25(0.97-1.61)

1.00 (Reference)
1.13(0.82-1.56)

1.00 (Reference)
2.22(1.69-2.93)**

1.00 (Reference)

0.87 (0.60-1.26)
0.75(0.50-1.12)
0.81(0.58-1.13)
0.99 (0.62-1.58)

1.00 (Reference)
1.34(1.01-1.77)*

1.00 (Reference)
1.90 (1.45-2.49)%**

1.00 (Reference)
1.22(0.92-1.62)

OR (95% CIy? p for trend
<(.001

1.00 (Relerence)

2.11(1.49-2.97)*

2.52(1.79-3.56)"**

1.00 (Reference)
2.12(1.51-2.97)**

<0.001
1.00 (Reference)
1.65(1.20-2.27)**
2.35(1.51-3.65)***

1.00 (Reference)
0.94 (0.68-1.29)

1.00 (Reference)
1.42 (1.07-1.89)*

1.00 (Relerence)
1.11(0.79-1.57)

1.00 (Relerence)
1.76 (1.30-2.38)***

1.00 (Reference)

0.77(0.52-1.15)
0.68 (0.44-1.04)
0.80(0.56-1.14)
1.08 (0.66-1.77)

1.00 (Reference)
1.10(0.80-1.50)

1.00 (Reference)
1.33(0.95-1.86)

1.00 (Reference)
0.999 (0.71-1.41)

! Excludes participants whose responses to questions about sex and educational background are “others” and whose house-

hold income is “unknown" (n=202).

2OR: Odds Ratio, CT: confidence interval.

* All variables listed in the table were adjusted.
2 p<0.001, = p<0.01, *p<0.05.

was divided into three categories according to the num-
ber of correct answers: low level, 0—3 correct answers;
medium level, 4 correct answers; and high level, 5-6
correct answers. Although not shown in the table, the
results revealed that 26.7% of participants had a low
knowledge level, 34.4% had a medium knowledge level,
and 39.0% had a high knowledge level.
Association between disaster knowledge level and beginning
of food stockpiling

Table 3 shows the participants’ characteristics and

the association of other factors according to the begin-
ning of food stockpiling. Participants with a high disas-
ter knowledge level were more likely to have begun food
stockpiling (p for Fisher Exact test <<0.001).

As shown in Table 4, logistic regression analysis
revealed that a higher disaster knowledge level and
beginning to stockpile food for a disaster were signifi-
cantly associated after adjustment for other factors (p
for trend <<0.001). Compared with those who had a low
[0-3] disaster knowledge level, respondents who had a
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medium [4| knowledge level were 2.11 times more
likely to begin stockpiling food (adjusted OR: 2.11, 95%
CL: 1.49-2.97), whereas those who had a high [5-6]
disaster knowledge level were 2.52 times more likely to
begin stockpiling food (adjusted OR: 2.52, 95% CL:
1.79-3.56). Additionally, beginning food stockpiling
was significantly associated with being female (adjusted
OR: 2.12, 95% CI: 1.51-2.97), being of advanced age
(p for trend <0.001), having a higher education level
(adjusted OR: 1.42, 95% CI: 1.07-1.89), and partici-
pating in community activities (adjusted OR: 1.76, 95%
CL 1.30-2.38).

DISCUSSION

The present study investigated the association
between disaster knowledge level and beginning food
stockpiling at home as a disaster preparedness, using an
online survey. The results reveal that there was a signif-
icant positive association between high disaster knowl-
edge level and beginning to stockpile food at home in
areas with a high risk for food shortage after the antici-
pated Nankai Trough earthquake.

A smaller percentage of the respondents had all the
knowledge, compared to a previous study (16). We
believe that this result represents a difference in the tar-
get population. The authors of the previous study dis-
cussed that knowledge reported might have been biased
toward responses deemed more socially desirable among
a population of public health employees (16). Addition-
ally, compared with previous studies that examined fac-
tors associated with preparedness and emergency kits,
the present findings for the association of sex were the
opposite. Previous studies also reported that males were
associated with preparedness with emergency Kkits.
There is a possible reason for this discrepancy. In con-
trast to the emergency kit finding, this result suggests
that women are more likely to be in charge of stockpil-
ing food at home. Indeed, the Japanese national survey
found that for the questions answered by those who
were in charge of stockpiling food. 68.0% of the respon-
dents were women (9). Additionally, many women had
also stockpiled extra food during the COVID-19 lock-
down (11). Therefore, the results suggest that a variety
of target people may have to be approached to promote
the stockpiling of emergency kits and food, accordingly.
It is necessary to clarify these issues in the future,
including who in the household is stockpiling food as a
disaster preparedness.

This study was a cross-sectional design so it is possi-
ble that not only did the increase in disaster knowledge
begin food stockpiling but also the beginning of food
stockpiling, in turn, increased disaster knowledge.
Beginning food stockpiling at home can be the first step
of disaster preparedness. Additionally, disaster knowl-
edge relates to disaster preparedness (24). Therefore,
the interrelationship in promoting disaster knowledge
and food stockpiling may be positively related to com-
munity participation may be the stimulus. Among the
factors associated with the beginning of food stockpil-
ing revealed in this study. the level of disaster knowl-

edge and community activities are modifiable factors.
These community activities included friendship net-
works, membership in religious associations, and par-
ticipation in voluntary groups (25). This participation
allows people to create networks for disseminating
information and to access social support (26, 27). Those
who participate in community activities engage in low-
er-risk health behaviors (25). In other words, through
the network created by participating in community
activities, disaster knowledge will be acquired and
actions will be taken to reduce the risk of disasters (e.g.,
stockpiling food). Additionally, studies have shown that
encouraging participation in community activities or
disaster prevention training events can have positive
results, such as preparing emergency kits and/or hav-
ing a family emergency plan (17, 28). Therefore, com-
munity activities may be an effective promotional
approach that promotes both disaster knowledge and
the taking of the first step of food stockpiling.

If beginning food stockpiling at home may improve
the level of disaster knowledge, beginning to stockpile
food may contribute to triggering interest in and atten-
tion to disasters. Interest in new behaviors requires a
trigger to raise awareness (22). For those who already
have an interest in food anyway, the first step of stock-
piling food at home may be the gateway that leads to an
interest in disasters. In particular, the method of “home
stockpiling and home stock rotation (i.e., “rolling stock”
in Japanese)” has been recommended in recent years
(20). This method is a way of maintaing a large amount
of food, which is eaten daily, and then buying more
after it is consumed. This buying and holding could be a
gateway to an interest in disasters. Conversely, one rea-
son for beginning to stockpile food because of may be
“optimism bias.” “Optimism bias” is a tendency for peo-
ple to adopt an overly optimistic view of themselves and
the likelihood of experiencing negative events (29). It is
a type of defense mechanism, so to speak, in which peo-
ple try to maintain psychological stability when faced
with an unexpected situation (e.g.. a disaster). For
example, the statement “I didn't think [ would suffer
damage” is a typical example of optimism bias. How-
ever, people knoledgeable about negative events can
suppress their optimism bias. A previous study reported
that perceiving risk about skin cancer was negatively
associated with an optimism bias toward skin cancer
(30). In the present study, it is possible that acquired
knowledge about negative events associated with disas-
ters could somewhat control disaster-related optimism
bias. As a result, it is suggested that this can lead to the
first step of food stockpiling. Particularly, the disaster
knowledge addressed in this study includes respon-
dents’ knowledge about their own communities, includ-
ing “the meaning of outdoor warning sirens in residen-
tial areas” and “awareness that disasters were likely to
occur in Japan.” By acquiring familiar disaster knowl-
edge, study participants may have been able to suppress
their optimism bias centered on the thought that “at
least 1 am okay.” This suggests that the use of commu-
nity activities, especially those with local residents, may
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be useful.

This study has several limitations. First, the possibil-
ity of selection bias cannot be denied and the popula-
tion might not have been estimated correctly because
the study participants were recruited from monitors of
an online survey company. Additionally, it was con-
ducted only in specific areas. Furthermore, access to the
survey was restricted because the survey was termi-
nated when the number of respondents exceeded the
target of 1,200. Second, the questionnaire used in this
survey did not examine the validaty of online surveys.
Moreover, the question items related to disaster knowl-
edge were modified into a Japanese version by the
authors and no validation of this version was con-
ducted. Therefore, it is difficult to make a simple com-
parison with the original concept. Third, this study used
a TTM-based questionnaire to investigate the beginning
of food stockpiling. As this is not a direct question, it
may not have accurately captured the data. Further-
more, the validity of adapting the TTM to food stockpil-
ing has not been examined, and further studies are
needed to verify whether this modification is appropri-
ate. Fourth, the study participants were limited to those
who prepared meals in the family. As mentioned earlier,
the risk factors could change depending on who in the
family conducts the stockpiling. In future work, it will
be necessary to clarify who in the household makes
decisions related to food purchases for stockpiling.
Finally, given that this study was cross-sectional in
design, the existence of causal relationships could not
be confirmed.

CONCLUSION

This study revealed that higher disaster knowledge
level was significantly associated with beginning to
stockpile food at home as a disaster preparedness in
areas where there is a high risk of food shortage due to
the predicted Nankai Trough earthquake. This study
was a cross-sectional design and thus, cannot explain
any causal relationships. Beginning food stockpiling at
home can be the first step toward disaster preparedness.
Therefore, these findings suggest that association
between having disaster knowledge and the first step of
food stockpiling at home may lead to minimize damage
caused by disasters.
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Medical perspective on the
systemic challenges involving
indirect disaster-related deaths In
Japan

Motohiro Tsuboi'»?*“, Hiroyuki Sasaki, Hyejeong Park%3, Masaharu Tsubokura®,

Toyoaki Sawano®, Nahoko Harada®, Fumiyasu Zaima’, Akihiro Uto8, Tadashi Okamoto®?,
Toshihiko Watanabe!?, Manabu Hibiya'?, Shinsaku Ueda'?, Noboru Sakamoto'*,
KoichiYasaka?, Shigemasa Taguchi?, Kazuya Kiyota? & Shinichi Egawa?

Disaster-related deaths can be classified as direct and indirect disaster-related deaths that are
becoming more predominant in Japan. To reduce indirect disaster-related deaths, accurate statistics
based on medical documentation are essential. However, the definition and reporting of such deaths

in Japan present systemic challenges. These deaths are certified and recorded by municipalities at

the request of bereaved families seeking condolence grants. This cross-sectional study assessed 755
certified indirect disaster-related deaths after the 2011 Great East Japan Earthquake in the Miyagi
Prefecture, Japan, to determine whether medical documents mentioned disaster relevance. Of the

755 cases, 74 (9.8%) death certificates and 145 (19.2%) medical documents described the relevance of
disasters. Relevance mentioned only in the self-reported documentation from bereaved families was
536 (71.0%). The median [interquartile range] time from the disaster onset to disaster-related deaths
was 21 [7-52] days. The mean age was 79.7-years-old, and 346 (46.7%) of the victims were female. The
predominant etiologies of these deaths included circulatory (32.7%) and respiratory (27.7%) diseases.
The time periods of the deaths varied among the municipalities, suggesting a lack of consensus among
the review committees. Establishing a medical and social consensus for indirect disaster-related deaths
and recording them on death certificates is crucial for accurate disaster death data and social resilience.

Keywords Death certificate, Etiologies, Great East Japan Earthquake, Indirect disaster-related deaths,
Systemic challenges, Social resilience

To reduce disaster-related deaths, identifying the medically accurate etiology of the death through diagnosis
and documentation is imperative">. Disaster-related deaths can be broadly classified as direct or indire! Direct
disaster-related deaths are caused by the direct physical impact of hazards, including deaths resulting from crush
injuries during earthquakes?, drownings during tsunamis?, and viral pneumonia during pandemics, such as

Linternational Cooperation for Disaster Medicine Lab., International Research Institute of Disaster Science (IRIDeS),
Tohoku University, 468-1 Aramaki-Aza-Aoba, Sendai City, Miyagi 980-8572, Japan. 2Advanced Emergency and
Critical Care Center, Japanese Red Cross Saitama Hospital, 1-5 Shintoshin, Chuo-Ku, Saitama City, Saitama 330-
8553, Japan. 3Disaster Medical Informatics Lab., IRIDeS, Tohoku University, 2-1 Seiryo-Machi, Aoba-Ku, Sendai
City, Miyagi 980-8575, Japan. “Department of Radiation Health Management, Fukushima Medical University, 1
Hikariga-Oka, Fukushima City, Fukushima 960-1295, Japan. *Department of Surgery, Jyoban Hospital of Tokiwa
Foundation, 57 Kaminodai, Joban Kamiyunagaya-Cho, Iwaki City, Fukushima 972-8322, Japan. ®Graduate School of
Interdisciplinary Science and Engineering in Health Systems, Okayama University, 2-5-1 Shikata Town, Kita Ward,
Okayama City, Okayama 700-0914, Japan. 'Sora-Umi Law Office, 4-5-6 Shibuya Shibuya-Ku, Tokyo 150-0002,
Japan. 8Uto-Yamada Law Office, 1-2-1 Omachi, Aoba-Ku, Sendai City, Miyagi 980-0804, Japan. °Ginza Partners Law
Office, 6-14-8 Ginza, Chuo-Ku, Tokyo 104-0061, Japan. °Research Center for Regional Disaster Management, Iwate
University, 4-3-5 Ueda, Morioka City, lwate 020-8551, Japan. *Hamadori Law Office, 120 Tamachi, Taira, Iwaki
City, Fukushima 970-8026, Japan. ?Teikyo Academic Research Center, Teikyo University, 2-11-1, Kaga, Itabashi-
Ku, Tokyo 173-8605, Japan. 13Disaster Medical Training Center, Japanese Red Cross Ishinomaki Hospital, 71
Hebitanishimichishita, Ishinomaki City, Miyagi 986-8522, Japan. 1*Kawasaki City College of Nursing, 4-30-1 Ogura,
Saiwai-Ku, Kawasaki City, Kanagawa 212-0054, Japan. ““email: tsuboi.motohiro.r8@dc.tohoku.ac.jp

186

1TO0

Scientific Reports | (2025) 15:5225 | https://doi.org/10.1038/s41598-025-89349-7 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-89349-7&domain=pdf&date_stamp=2025-2-12

www.nature.com/scientificreports/

coronavirus disease 2019 (COVID-19)°. Direct deaths, which are the direct consequence of the hazard, can
be reduced by disaster risk reduction (DRR), such as early warning systems and seismic-proof buildings if the
hazard is an earthquake. By contrast, indirect disaster-related deaths are caused by secondary health effects,
including emergency evacuations, relocations, evacuation environments, delays in accessing healthcare, and
psychosocial effects®™. Indirect disaster-related deaths occurring days, weeks, months, and years later due to
the health impact of the disaster are becoming more predominant in Japan, where DRR has been implemented.
Regardless of the hazard types, there are common health impacts and the potential to prevent indirect disaster-
related deaths, making efforts to mitigate them essential®. Tsuboi et al. reported similarities in indirect disaster-
related deaths between the 2011 Fukushima Daiichi Nuclear Power Plant (FDNPP) accident in the Great East
Japan Earthquake (GEJE) and the 2019 COVID-19 pandemic!. Furthermore, Woolf et al. reported that the
increase in the number deaths in the United States (US) during the COVID-19 pandemic was primarily driven
by disruptions to healthcare services and widespread societal impacts!!.

Japanese Cabinet Office officially defines indirect disaster-related deaths as “deaths because of aggravation of
injuries caused by the disaster or illnesses caused by physical burden, such as that of living in evacuation shelters,
which are recognized as being caused by the disaster based on the Act on Provision of Disaster Condolence Grant
(1973 Law No. 82)"12. Historically, the 1967 Uetsu torrential rain disaster resulted in the creation of a Disaster
Condolence Grant System to provide relief to the bereaved families of disaster victims due to direct deaths'.
After the 1995 Great Hanshin-Awaji Earthquake (GHAE) the concept of indirect disaster-related deaths became
eligible for condolence grants!.

Since then, indirect disaster-related deaths have become a significant social issue, including those after the 2011
GEJE. As of March 31, 2022 (ten years after the onset), 3789 people were officially certified as indirect disaster-
related deaths among the 22,214 fatalities (Table 1)!*1°. After GEJE, 2372 individuals died within 6 months of the
disaster, representing 62.6% of the total number. In contrast, 1417 individuals died after 6 months, accounting for
37.4% of the cases. Respiratory and cardiovascular diseases together were the primary direct causes of nearly half
of the indirect disaster-related deaths!. The FDNPP accident further led to chaotic evacuations and healthcare
system disruptions, significantly increasing morbidity and mortality!”. According to the Reconstruction Agency,
factors contributing to indirect disaster-related deaths in Fukushima Prefecture included physical and mental
fatigue from living in evacuation shelters (30%), physical and mental fatigue during evacuation to shelters (30%),
and delays in initial treatment caused by the dysfunction of hospital facilities (20%)8.

In Japan, bereaved families must apply for condolence grants in their respective municipalities, and the
review committee, consisting of municipal officers, medical doctors, and lawyers, certifies these deaths as
indirect disaster-related deaths. The cumulative data had served as the sole source of indirect disaster-related
death statistics in Japan. On the other hand, the Centers for Disease Control and Prevention (CDC) in the US
emphasizes recording the relevance of disasters on death certificates including the disaster types®. The CDC
defines indirect disaster-related deaths as those caused by the unsafe or unhealthy disruption of usual services,
personal losses, and disruptions of individuals’ lifestyles>’:%. The condolence grant can be issued based on these
death certificates. In this context, no prior studies have quantitatively examined how certification documents,
the basis of Japan’s indirect disaster-related death data, reflect medical opinions.

This study aimed to explore the extent to which death certificates and medical documents describe the
relevance of a disaster after the GEJE in Miyagi Prefecture, Japan, because no such study has been conducted.

Year

Disaster (GLIDE#)

Direct disaster-related deaths (n)

Certified indirect disaster-related deaths (n)

Total (n)

1995

GHAEY
(EQ-1995-000003-JPN)

5,520

912

6,432

2004

Niigata Chuetsu
Earthquake?®
(EQ-2004-000114-JPN)

16

52

68

2011

GEJE!415
(EQ-2011-000028-JPN)

18,425

3,789

22,214

2016

Kumamoto Earthquake?!
(EQ-2016-000033-JPN)

55

218

273

2018

Western Japan Heavy
Rain Disaster®?
(FL-2018-000082-JPN)

221

83

304

2018

Hokkaido Iburi Eastern
Earthquake?
(EQ-2018-000143-JPN)

41

44

2019

Typhoon Hagibis
Disaster
(TC-2019-000128-JPN)

97

104

2024

Noto Peninsula Earthquake (in Ishikawa Pref.)*

(EQ-2024-000001-JPN)

270

498*

Table 1. Number of direct and indirect disaster-related deaths in Japan’s past major disasters. *The number

of indirect disaster-related deaths in the Ishikawa Prefecture (As of Dec 19, 2024) is being reviewed by

municipalities and could increase. (https://www.pref.ishikawa.lg.jp/saigai/documents/higaihou_181_1227_16
00.pdf). GHAE Great Hanshin-Awaji Earthquake, GEJE Great East Japan Earthquake, GLIDE GLobal unique
disaster IDEntifier number.
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Additionally, this study sought to promote social consensus on the definition and reporting of indirect disaster-
related deaths for accurate statistics and reduce its occurrence after future disasters.

Methods

Ethical considerations

This study was approved by the Ethics Committee of the Tohoku University Graduate School of Medicine
(approval no: 2023-1-489). The committee waived the requirement for obtaining informed consent from the
victims or their families, as the administrative documentation used had been anonymized prior to disclosure.
This study was conducted in accordance with the principles outlined in the Declaration of Helsinki.

Study design and settings

This retrospective, cross-sectional study was conducted using anonymized documentation regarding indirect
disaster-related deaths from the Miyagi Prefecture following the 2011 GEJE. The study adhered to the official
definition of indirect disaster-related deaths officially outlined by Japan. The study areas are presented in Fig. 1.
Cases from Sendai, Ishinomaki, Tagajo, Kesennuma, Natori, Iwanuma, and Watari were reviewed by individual
municipal committees, while cases from Minamisanriku, Matsushima, Shichigahama, Misato, Tome, Kurihara,
Tomiya, Osaki, and Rifu were evaluated by the Prefectural Joint Review Committee.

The municipalities and prefectural governments provided the following anonymized documents: application
forms, death certificates, medical reports, and self-reports from bereaved families. The author (MT) requested
these administrative documents from the municipalities where individual committees examined the cases.
Additionally, the International Research Institute of Disaster Science (IRIDeS) requested documents from the
Miyagi Prefectural government, which managed cases reviewed by the Joint Committee as of July 29, 2023.

In this study, death certificates, official medical documents such as insurance applications other than daily
medical records, and self-reports by bereaved families were systematically screened to determine whether they
contained any description of relevance to the disaster or post-disaster change of life. The types of documents
used to certify indirect disaster-related deaths were categorized into three groups: Group A in which the
death certificates mentioned disaster relevance; Group B where official medical documentation other than
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| /’L\'w.\ 4 Kese}ﬁ(\;\lﬁwa
o \.\ u""’"-) By ':; . . . .
N c [ Ishinomaki Ishinomaki
‘*\ \) Kurihara \\»f\ f .}-L_,\.\;\,
Y a(ﬂ Kesennuma Kesennuma
\'\—-\.\ /‘/— \ 2 a .
S / T » Minamisanriku K .
Z\,/""‘»\\ osaki L. or’df X el Natori Natori
I . QO 8 N
Y ' il Tagajo Tagajo
) - Ishinerfiaki “v 93 =
[~ Watari Watari
Iwanuma Iwanuma

Fukushima

Matsushima
‘ Shichigahama
{Warjuma . .
R 5 Misato
7\ watari . o . .
v Tome Miyagi Joint Review Committee®
' e Kurihara
A 7 P, Tomiya
= Y - :
\ Osaki
V\‘\ The Pacific Ocean| leu
|

Minamisanriku

Fig. 1. Locations of the surveyed municipalities in the Miyagi Prefecture are presented. Sendai, Ishinomaki,
Tagajo, Kesennuma, Natori, Iwanuma, and Watari, where cases have been examined by individual
municipalities, are shown in light green. Minamisanriku, Matsushima, Shichigahama, Misato, Tome, Kurihara,
Tomiya, Osaki, and Rifu, where the cases have been examined by the Prefectural Joint Review Committee, are
in dark green. The maps have been created using Adobe Illustrator 2020 (Adobe Inc., Version 24.0, https://ww
w.adobe.com/products/illustrator.html) and Microsoft PowerPoint (Microsoft, Version 16.0, https://www.micr
osoft.com/powerpoint) during this study and have not been taken/modified from any copyrighted sources.
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death certificates mentioned disaster relevance; and Group C with non-medical self-reports from bereaved
families claiming disaster relevance. Non-certified deaths and cases with insufficient evidence due to document
redactions were excluded from the analysis.

Correlation between the time of the death and type of documentation

A Steel-Dwass multiple comparison test was conducted for each group to investigate the correlation between the
time from the disaster onset to the death; in addition to the type of medical documentation used for certification
of indirect disaster-related deaths. The periods of deaths were divided into three subgroups: short-term (30 days
after the earthquake), medium-term (31-180 days after the earthquake), and long-term (=181 days after the
earthquake). The correlation between the time period of death and type of evidence of medical documentation
was analyzed using descriptive statistics.

Statistical analyses

Regarding the victims’ baseline characteristics, categorical data were expressed as n (%); and continuous data
were expressed as means and standard deviations (SDs), when normally distributed. When the data did not
follow a normal distribution, continuous data were expressed as medians [IQRs]. The etiologies of the deaths
were classified according to the International Classification of Diseases, 10th Revision (ICD-10) codes®.

The differences in the time from the disasters to deaths among the municipalities have been presented as
scatter plots. When a normal distribution could not be assumed, statistical significance testing was conducted
by log-transforming the outcomes and performing a one-way analysis of variance (ANOVA). A sample size
calculation was not performed, because all available data were utilized in this study. Data were analyzed using
JMP 16 software (SAS Institute Inc., Cary, North Carolina, USA). Statistical significance was set at P <0.05. All
tests were two-sided.

Results

Baseline characteristics of the victims

The anonymized disaster-related deaths database in the Miyagi Prefecture included 755 victims who met
the inclusion criteria. Table 2 presents the baseline characteristics of the victims. The mean age of this study
population was 79.7 years, and 346 of the victims were female (46.7%). The municipalities in which disaster-
related death certification review committees were convened are listed in Table 2. In particular, Sendai (35.1%)
and Ishinomaki (34.8%) accounted for most of the cases of indirect disaster-related deaths. The Miyagi Joint
Review Committee accounted for 4.9% of all cases of indirect disaster-related deaths. The median time from
disaster onset to death was 21 [7-52] days. Regarding the type of documentation, relevance was mentioned
in death certificates of 74 (9.8%) victims (Group A) and in the other official medical documentation of 145
(19.2%) victims (Group B). Regarding the remaining 536 victims, relevance was mentioned only in the self-
report documentation of bereaved families (Group C). Analysis of the etiologies of the deaths revealed that the
most frequent etiology of the deaths included circulatory diseases (I00-199) in 247 (32.7%) victims. Following
this was respiratory diseases (J00-J99); symptoms, signs, and abnormal clinical and laboratory findings, not
elsewhere classified (R00-R99); and neoplasms (C00-D48) in 209 (27.7%), 71 (9.4%), and 66 (8.7%) of the
victims, respectively.

As presented in Fig. 2, the median times [IQR] to deaths were 12 [3-30] 31 [10-80], 21 [8-50] days for
Groups A, B, and C, respectively. A statistically significant difference was present among all groups regarding the
time from the disaster onset to the death.

Figure 3 presents the proportions of documentation types according to the period of indirect disaster-
related deaths. Death certificates indicating relevance by a medical doctor for Group A were available in 12.4%
of cases for the short-term period. The proportion of death certificates for Group A decreased further during
the medium-to-long term period. While the absolute numbers of evidence indicating the relevance by medical
documentation for Group B decreased in the medium-to-long term, their proportions increased at 15.0%,
21.9%, and 52.9% in the short -, medium -, and long-term periods, respectively.

Figure 4 reveals that the time from disaster onset to death varied significantly among municipalities where
review committees were held (P=0.046). The mean time from the disaster onset to the death was the longest in
Natori at 108.3 days. By contrast, the mean time from the disaster onset to the death was shortest at 28.3 days for
Watari. In several municipalities, victims were certified as disaster-related deaths more than 6 months after the
disaster onset. The maximum certification periods also varied across municipalities and committees: 680 days in
Natori, 201 days in Iwanuma, 1207 days in Tagajo, 1225 days in Ishinomaki, 893 days in Kesennuma, 433 days in
Sendai, and 601 days for the Miyagi Joint Review Committee.

Discussion

This study is the first in Japan to explore the extent to which official death certificates detailing the relevance
to a disaster within the certification documents for indirect disaster-related deaths. Our study revealed three
substantial findings.

First, many officially recognized indirect disaster-related deaths lacked sufficient documentation of disaster-
relatedness in death certificates or other official medical documents. This suggests that the reporting system for
indirect disaster-related deaths in Japan may be insufficient from a medical perspective based on death certificates.
Similarly, underreporting of indirect disaster-related deaths has also been identified in the US, particularly in
relation to Hurricane Katrina?’. To address this issue, the American National Association of Medical Examiners
recommends the documentation of disaster-relatedness in death certificates and emphasizes the importance of
training medical professionals®. Furthermore, the CDC highlights the critical role of death certificates in disasters,
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Overall, n (%) 755 (100)
Age-year, mean (SD) 79.7 (+13.2)
Sex-Female, n (%) 346 (46.7)

Number of indirect disaster-related deaths certified by each municipality’s disaster-related deaths certification
review committee—n (%)

Sendai 265 (35.1)
Ishinomaki 263 (34.8)
Kesennuma 108 (14.3)
Natori 41 (5.4)
Miyagi Joint Review Committee? 37 (4.9)
Tagajo 26(3.4)
Watari 9(1.2)
Iwanuma 6(0.8)

Time period of the death from the disaster onset, n (%)

Short-term (< 30 days) 461 (61.1%)
Medium-term (31-180 days) 256 (34.0%)
Long-term (=181 days) 34 (4.5%)
Unknown 4(0.5%)
Median days [IQR] 21 [7-52]
Classification of Evidence-Medical Documentation used®, n (%)

Group A 74 (9.8)
Group B 145 (19.2)
Group C 536 (71.0)
Direct etiology of death (ICD-10), n (%)

A00-B99 (Infectious and parasitic diseases) 21(2.8)
C00-D48 (Neoplasms) 66 (8.7)
D50-D89 (diseases of the blood and blood-forming organs and disorders of the immune system) 4(0.5)
E00-E90 (Endocrine, nutritional, and metabolic disorders) 6 (0.8)
F00-F99 (Mental and behavioral disorders) 2(0.3)
G00-G99 (Diseases of the nervous system) 5(0.7)
100-199 (Diseases of the circulatory system) 247 (32.7)
J00-J99 (Diseases of the respiratory system) 209 (27.7)
K00-K93 (Diseases of the digestive system) 13 (1.7)
L00-L99 (Diseases of the skin and subcutaneous tissue) 1(0.1)
MO00-M99 (Diseases of the musculoskeletal system and connective tissue) 2(0.3)
N00-N99 (Diseases of the urogenital system) 27 (3.6)
R0O0-R99 (Symptoms, signs, and abnormal clinical and laboratory findings not elsewhere classified) | 71 (9.4)
S00-T98 (Injury, poisoning, and other effects of external causes) 39(5.2)
V01-Y98 (External causes of injury, illness, and death) 11 (1.5)
Unknown 31(4.1)

Table 2. Baseline characteristics of the victims of indirect disaster-related deaths in the Miyagi prefecture.
*Minamisanriku, Matsushima, Shichigahama, Misato, Tome, Kurihara, Tomiya, Osaki, and Rifu have
participated in the Prefectural Joint Review Committee. "Group A: death certificate mentioned the relevance.
Group B: official medical documentation other than death certificates mentioned the relevance. Group C: non-
medical, self-report by bereaved families claimed the relevance. IQR interquartile range, SD standard deviation.

not only to provide accurate data for disaster management but also to support the resilience of affected families.
Accurate documentation allows families to apply for disaster relief funds from FEMAS3. In Japan, however, despite
the essential role of death certificates in mortality statistics, systematic documentation of disaster-relevance is
lacking!?%. This gap reflects structural problems in Japan’s disaster mortality statistics, indicating that the lack
of accurate medical data on indirect disaster-related deaths poses a significant challenge for improving disaster
response measures’. Thus, it is imperative to establish a medical definition and a reporting system for indirect
disaster-related deaths. This new system should complement the existing administrative definition and be built
on data collected from official medical records. Failure to incorporate medical perspectives into the recognition
process for indirect disaster-related deaths may result in significant discrepancies in the reported figures. The
current reporting system relies on the condolence grant program and does not necessarily align with medical
definitions!?°. While the condolence grant program is a legally established and vital system for bereaved families,
insufficient documentation of medical disaster-relatedness raises societal concerns about families potentially
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Fig. 2. Steel-Dwass multiple comparison test is presented for the time period of the disaster-related deaths
from the disaster onset according to the type of documentation.
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Fig. 3. Proportions of the type of evidence of medical documentation detailing the disaster relevance
according to the periods of indirect disaster-related deaths are depicted.

losing access to these grants. Therefore, revisions to the system must involve the formation of social consensus
and ensure the rights of bereaved families'16%.

Second, this study focused on the complex relationship between the timing of death after a disaster and the
type of medical documentation. As shown in Figs. 2 and 3, the frequency of documenting disaster-relevance in
death certificates decreased over time. However, indirect disaster-related deaths can occur long after the disaster
onset*®. Physicians signing death certificates must always consider the impact of disaster-related experiences
on the causes of death and document this when necessary. Historical precedents include the Nagaoka criteria
established after the 2004 Niigata Chuetsu Earthquake, which classified 52 out of 64 deaths as indirect disaster-
related deaths based on specific timelines as follows:

(1) Deaths within 1 week of the disaster were considered indirect disaster-related deaths.
(2) Deaths within 1 month were highly likely to be indirect disaster-related deaths.

(3) Deaths exceeding 1 month had a lower likelihood of being disaster-related.

(4) Deaths after 6 months were not considered disaster-related.

However, these criteria did not meet the expectations of bereaved families after the GEJE, as most disaster-
related deaths following the FDNPP accident occurred more than 6 months post-disaster’>!*3%3!, Furthermore,
the CDC has emphasized that the diagnosis of indirect disaster-related deaths should not be limited by the
time elapsed since the disaster®. These findings suggest the need for flexible criteria that consider individual
circumstances and the specific characteristics of disasters.

Third, this study revealed significant differences in the recognition periods for indirect disaster-related deaths
among municipalities. These differences may result from variations in geographic and social factors!. Other
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Fig. 4. Differences in the time periods from the disaster onset to the deaths among the municipalities are
shown. The figure reveals both the arithmetic mean (standard deviation [SD]) and geometric mean (SD). The
blue horizontal line represents the mean values. The light blue shading indicates a 95% confidence interval.
*P-values have been calculated using the analysis of variance for log-transformed outcomes.

challenges include differences in disaster circumstances, application processes, information accessibility, and
petition formats across municipalities, which may influence recognition outcomes®>?. The lack of standardized
recognition methods and variations in medical documentation further complicate the process. Addressing these
issues requires the establishment of objective and equitable diagnostic criteria and reporting systems to obtain
accurate statistics on indirect disaster-related deaths. Such a system would enhance the understanding of disaster
impacts and facilitate the development of effective disaster response strategies.

This study provides a comprehensive overview of indirect disaster-related deaths of a wide area of
municipalities affected by the GEJE, including multiple regions in Miyagi Prefecture. Indirect disaster-related
deaths predominantly occurred among older adults, with approximately half of them attributed to cardiovascular
and respiratory diseases, aligning with findings from other regions affected by the GEJE!®**-3¢. Previous
research on the relationship between indirect disaster-related deaths and long-term care certification found that
individuals with long-term care certification were more likely to die from cardiovascular or respiratory diseases
during the acute phase of a disaster, while those without certification were more likely to die from malignant
diseases during the later phase®®. Additionally, analyses of mortality typologies revealed that individuals who
were at home at the time of the earthquake exhibited higher mortality rates from cardiovascular diseases and
malignancies, accounting for approximately half of all deaths. Conversely, those in hospitals or facilities at the
time of the earthquake showed higher mortality rates from respiratory diseases and senility, comprising one-third
of all deaths?®. Furthermore, specific vulnerable groups, including individuals with disabilities, those requiring
long-term care, and individuals with depression, exhibited unique characteristics. These findings emphasize
the need for tailored post-disaster support that addresses the specific needs of each group rather than adopting
uniform support measures®®. From a disaster preparedness perspective, evacuation planning and support
strategies must be strengthened, particularly for vulnerable populations such as older adults and individuals with
disabilities?®378, Improving evacuation shelter environments remains a critical priority to address leading causes
of death, such as cardiovascular and respiratory diseases™*. Notably, approximately half of all indirect disaster-
related deaths occurred at home*?. This finding highlights delays in medical support for home evacuees, who are
less likely to receive adequate assistance compared to those in evacuation shelters. To reduce indirect disaster-
related deaths, proactive outreach efforts and primary care interventions are essential for home evacuees®.
Indirect disaster-related deaths due to malignant tumors have been noted, suggesting delays in cancer screening
and interruptions in treatment following earthquakes®3*%*!, While most deaths occurred within 1 month of
the disaster, fatalities were observed up to 4 years later. In Fukushima, such deaths continued to be recorded
even a decade after the disaster'®. Identifying causal links for chronic-phase deaths remains challenging due to
factors such as hospital closures and the exacerbation of health conditions caused by environmental changes and
stress during evacuation??. These findings underscore the importance of implementing medium- to long-term
strategies. Efforts to diagnose and document indirect disaster-related deaths based on medical perspectives and
to integrate these findings into emergency medical responses are crucial for reducing disaster-related mortality.
Such measures are expected to enhance resilience to future disasters while addressing the unique vulnerabilities
of at-risk populations**~°,

This study had some limitations. First, it was retrospective in nature. Second, the study relied on death
certificates submitted by bereaved families to the local government’s Disaster Condolence Grants Review
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Committee, introducing a risk of selection bias. This limitation highlights the potential for underestimation
of indirect disaster-related deaths, as cases where families did not apply for disaster condolence grants, for any
reason, were excluded. Currently, data on indirect disaster-related deaths in Japan rely solely on cases that have
received disaster condolence grants, which may not comprehensively reflect the actual number of such deaths.
Third, when the time elapsed between the disaster and occurrence of death extends to the medium or long term,
repeated environmental changes following the disaster make the establishment of a causal relationship between
death and disaster scientifically challenging. Fourth, information bias may have occurred during the certification
process, as disaster-relatedness on death certificates was recorded by certifiers. Fifth, while this study attempted
to minimize bias by including a diverse range of municipalities within Miyagi Prefecture, its focus on specific
regions in Japan may limit external validity. However, it is important to note that only a few countries have
institutional frameworks for reporting indirect disaster-related deaths. As aging populations become a global
challenge, insights gained from Japan’s experience may serve as valuable guide for other countries likely to face
similar issues in the future. Sixth, as a cross-sectional study, it could not rule out reverse causation. Seventh, this
study employed univariate analysis, meaning that confounding factors such as socioeconomic status, medical
history, and lifestyle may have influenced the results. Eighth, the documents provided by local governments were
anonymized for ethical reasons, resulting in partial uncertainty regarding victim information. This missing data
may have led to either an overestimation or underestimation of the study results.

Definitively, in this study, we investigated the indirect disaster-related deaths in multiple municipalities across
the Miyagi Prefecture after the GEJE. Surveillance of medical diagnostic documentation revealed the minimal
recording of disaster relevance on death certificates. Moreover, a lack of consensus existed regarding indirect
disaster-related deaths among the different regions. This study emphasized the importance of recording disaster
relevance on death certificates. In addition, the requisite to develop a consensus regarding indirect disaster-
related deaths in Japan through broad medical and social discussions was highlighted. This approach will enable
evidence-based emergency response and social resilience, particularly for vulnerable populations.

Data availability

The administrative documentation is not publicly available due to ethical restrictions. The summarized data
for interpretation are available upon reasonable request from corresponding author Motohiro Tsuboi (tsuboi.
motohiro.r8@dc.tohoku.ac.jp).
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I Conclusion I Study Aim

Only 10% of the death certificates recorded the disaster relevance in

To clarify how many death certificates recorded disaster relevance

755 certified Indirect Disaster-Related Deaths in Miyagi Prefecture, among patients recognized as Indirect Disaster-Related Deaths.

Japan. Establishing a system for reporting the relevance is essential.

I Methods
i Ba(':lfgr(.)und _ Ethical Approval
Classification of Disaster-Related Deaths Tohoku University Medical School Ethics Committee (No: 2023-1-489)

Study Design and Setting

A retrospective cross-sectional study of 755 indirect disaster-related deaths
in Miyagi Prefecture, Japan.

Direct Disaster-Related Deaths Indirect Disaster-Related Deaths

Deaths that are directly caused Deaths that occur due to unsafe

by the forces of the disaster or or unhealthy conditions or a loss Data Collection and Categorization Miyagi Prefecture
direct consequences of these or disruption of usual services *Group A: Death certificates oD e e [ e
forces. that contributed to the death. indicating disaster relevance. { Soni Sores
) _ ) +Group B: Official medical documentation o oponas,
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b in. rediati = ) e . oo Togwe
eavy rain, radiation exposure, etc SIS, PR esetl e, Cie, mentioning disaster relevance. v i
*Group C: Non-medical self-reports from — e
1) CDC. National Center for Health Statistics. 2017. bereaved families asserting T
disaster relevance. O
H H H Kurihara
Definition of Indirect Disaster-Related Deaths in Japan»  ———— | Statistical Analysis Toms
P -+ Statistical tests: Steel-Dwass, ANOVA. o
[ Death occurs | i
3 L
| | rl Result
Not Applied [ Application by Bereaved Families | Baseline Characteristics
Disaster relevance? I - -
[ Condolence Grant Review Committee | Overall, n (%) 755 (100)
T Age-year, mean (SD) 79.7 (£13.2)
[ ] Sex-Female, n (%) 346 (46.7)
| Non-Payment of | | Payment of | Median days [IQR] 21[7-52]

Condolence Grant Condolence Grant —Medi i 0.(%)

i ] Group A 74 (9.8)
[ No Disaster Relevance | Indirect Group B 145 (19.2)
Disaster-related Deaths Group C 536 (71.0)

- - - -
Deaths because of aggravation of injuries caused by the disaster or illnesses caused by Dz5iE Giftel Gy o G R U0 I (O]

the physical burden of living in evacuation shelters, etc., which are recognized as being A00-B99 (Infectious and parasitic diseases) 21(2.8)
caused by the disaster based on the Act on Provision of Disaster Condolence Grant ggg’ggg E’;Fo'ﬁadsij) T disorders) 62 Egg;
(1973 Law No. 82) 2) ] Cabinet Office. 2019 -| ood diseases and immune disorders .
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i i . ] FO0-F99 (Mental and behavioral disorders) 2 (0.3)
Recording of Disaster-Related Deaths on Death Certificates: NOt Mandato ry G00-G99 (Diseases of the nervous system) 5(0.7)
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(Regardless of time period) [E Time Differences from Disaster —

to Death by Municipality. -
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‘Gommittes (n = 37)

Evacuation, relocation, evacuation
environment, medical service
provision, psychosocial effects, etc.

Earthquakes, tsunamis, typhoons,
heavy rain, radiation exposure, etc.

i |1 Discussion

: Insufficient Documentation of Disaster Relevance )

® Only 10% of death certificates note disaster relevance, mostly neglecting
long-term disaster-related deaths. L

e Inconsistent certification and application processes across municipalities

Step3 d Record disaster type AND event name Cglpnop\;\gaé%cnk V?,Ttit?cﬂ%abdrﬁ?gdpgggfggres
Recorr; polivareh (e.g., Hurricane Sandy) on death certificate e The CDC and National Association of Medical Examiners in the U.S.
Death Certificates recommend noting disaster relevance on death certificates for accurate

Step4. v statistics; Japan should consider similar practices.

Condolence Grant Application by Bereaved Families - Apply to FEMA Future Directions _ .

1 (] Estalr)]hshm_% a reporting system in Japan to document disaster relevance on
; eath certificates.

Condolence Grant Review . Edlucating healthcare professionals on the importance of recording disaster

relevance.
Recording of Disaster-Related Deaths on Death Certificates: Mandatory ® Establishing a fair and socially accredited certification system for condolence
grants.
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