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Abstract

Background: A temporary increase in the occurrence of cerebrovascular diseases (CVDs) after
the Great East Japan Earthquake and Tsunami of 2011 was reported; however, no studies have
been conducted to investigate long-term effects. We assessed the long-term impact of the
disaster on the incidence of CVDs. Methods: Incidence data for CVDs from 2008 to 2017 were
acquired from the population-based Stroke Registry with an inventory survey of Iwate Pre-
fecture, Japan. Part of the coastal area in lwate Prefecture was mildly flooded and the other
part was severely flooded. Age-adjusted incidence rates of CVDs (according to the Japanese
standard population) were calculated for each area. The relative risk (RR) of incidence based
on the years before the disaster (2008-2010), adjusted by stratified age groups, was calcu-
lated for the year of the disaster (2011), and the years after the disaster (2012-2017) in each
area. Results: The age-adjusted incidence rates gradually decreased in all areas, with the ex-
ception of a temporary increase among men who lived on the coast the year the disaster oc-
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curred. The adjusted RR in the disaster year were not significant in any area and those of the
postdisaster years were 0.91 (95% Cl 0.87-0.96) for all inland men, 0.93 (0.89-0.97) for all in-
land women, 0.85 (0.78-0.93) for all coastal men, 0.87 (0.81-0.94) for all coastal women, 0.88
(0.80-0.98) for men at mildly flooded coast, 0.82 (0.75-0.89) for women at mildly flooded
coast, 0.79 (0.68-0.91) for men at severely flooded coast, and 0.98 (0.86-1.11) for women at
severely flooded coast. Conclusions: The occurrence of CVDs in the flooded coastal areas did
not increase in the year of the Great East Japan Earthquake and Tsunami; furthermore, it de-
creased for men according to the severity of flood damage in the subsequent years; this can
be attributed to supportive activities for the tsunami victims and the migration of the popu-

lation. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

The giant tsunami waves of the Great East Japan Earthquake and Tsunami of 2011 devas-
tated the Pacific coast of northeastern Japan [1, 2]. In the aftermath, many tsunami victims
who had escaped to evacuation shelters suffered from the loss of their homes and a lack of
water, food, and other necessities for living [3]. Most of the victims were moved to provisional
housing several months after the disaster [4], and an increase in the occurrence of cerebro-
vascular diseases (CVDs) soon after the disaster was reported [5, 6]. Victims in the tsunami-
devastated area continued to live in provisional housing for several years, until the recon-
struction of homes and urban environments had been accomplished [7]. Prolonged unusual
living in evacuation shelters and provisional housing following the disaster may have had
unfavorable effects on the health of victims [8-10]. However, the long-term impact of the
disaster on CVDs has not ever been reported. Japan is an earthquake-prone country, with
damage from major earthquakes and huge tsunamis predicted to occur in the near future [11,
12]. Japan is also a country that has one of the highest incidences of CVDs in the world [13].
Thus, revealing the long-term impact a huge tsunami disaster may have on the incidence of
CVDs is important.

The aim of this study was to assess the long-term impact of the Great East Japan Earth-
quake and Tsunami of 2011 on the incidence of CVDs.

Methods

Iwate Prefecture and Stroke Registry

Iwate Prefecture is located in the northern part of the main island of Japan and faces the
Pacific Ocean. In the coastal municipalities of this prefecture, many buildings were destroyed
by the giant tsunami waves of the Great East Japan Earthquake and Tsunami of 2011, but the
earthquake caused less damage in the inland municipalities and in coastal areas that did not
suffer from flood damage (Fig. 1).

The Iwate Stroke Registry has been in operation since 1991 and is overseen by the
government of Iwate Prefecture and the Iwate Medical Association. The inventory survey of
the registry has been conducted since 2008 for all hospitals with beds for general patients in
Iwate Prefecture and core hospitals in the neighboring areas, except for 3 hospitals that were
destroyed due to the huge tsunami of the Great East Japan Earthquake that could only start
the survey after they reopened. The diagnostic criteria used for the registry were based on
the criteria established for the monitoring system for CVDs commissioned by the Ministry of
Health and Welfare, and which correspond to those published by the World Health Organi-
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Fig. 1. Map of the study area depicting the municipalities inland and those on the coast that were mildly
flooded and severely flooded. The epicenter of the Great East Japan Earthquake of 2011 is shown by a dot
with a concentric circle.

zation. Stroke is defined as the sudden onset of neurologic symptoms [14, 15]. Details of the
Iwate Stroke Registry and its inventory survey have been published elsewhere [16].

Statistical Analyses

Incidence data on CVDs from 2008 to 2017 were acquired from the Iwate Stroke Registry
database. Population data on October 1st each year were acquired from the national census
and the demographic forecast produced by the government of Iwate Prefecture. The 12
municipalities of the coastal area were divided into 2 groups based on their flood damage: 6
were categorized as mildly flooded coast with <40% of the population living in flooded areas,
and 6 municipalities were categorized as severely flooded coast with >40% of the population
living in flooded areas [17]. The 3 hospitals destroyed by the tsunami disaster were located
on the severely flooded coast. The age-adjusted incidence rates of stroke subtypes (all CVDs,
cerebral infarction, intracerebral hemorrhage, and subarachnoid hemorrhage) were calcu-
lated according to the Japanese standard population in 1985 for each area: all inland, all coast,
mildly flooded coast, and severely flooded coast.

To evaluate the impact of the disaster on the incidence of CVDs, age-specific incidence
rates by 3 age groups (35-54, 55-74, and >75 years) were calculated for the years before the
disaster, i.e., 2008-2010, the disaster year itself, i.e., 2011, and the years after the disaster,
i.e, 2012-2017. The age-specific relative risk (RR) of CVD incidence based on the predisaster
years by 3 age groups, and the adjusted RR of CVD incidence based on the predisaster years,
adjusted by stratified 3 age groups, were calculated for the disaster year and the postdisaster
years in each area.
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Fig. 2. The graphs show the age-
adjusted incidence rate of cere-
brovascular diseases from 2008
to 2017 in Iwate Prefecture, Ja-
pan. a Comparison of incidence in
all inland and all coastal areas.
b Comparison of CVD incidence in
men and women at the mildly
flooded coast and severely flood-
ed coast.

Results

A total of 47,018 patients who lived in Iwate Prefecture were analyzed in this study. The
population size, CVD incidence, and mean age at onset of CVDs by area, from 2008 to 2017,
are shown in Table 1. In the predisaster years, the population gradually decreased in size in
all areas (by 0.7% annually for all inland men and women, 1.0% for all coastal men, and 1.4%
for all coastal women). In the disaster year, the size of the male and female population showed
arapid and larger decline from the previous year according to the degree of flood damage (a
decrease of 3% vs. the previous year at the mildly flooded coast and 8% at the severely flooded
coast), and a mild decline from the previous year for all inland (a decrease of 0.4% vs. the
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Fig. 3. a-h The graphs show the age-specific incidence rate of cerebrovascular diseases in the predisaster
years 2008-2010, the disaster year of 2011, and the postdisaster years 2012-2017 in Iwate Prefecture, Ja-

pan. * p < 0.05 indicates statistical significance.

-
Karger <




Cerebrovasc Dis Extra 2020;10:105-115 111
Ce rebrovascular DOI: 10.1159/000509869 | © 2020 The Author(s). Published by S. Karger AG, Basel

° www.karger.com/cee
Diseases Extra

Omama et al.: Reduced Stroke Occurrence after the Japan Earthquake

Table 2. Relative risk of the incidence of cerebrovascular diseases based on the predisaster period, 2008-2010

Year(s) Age, years All inland areas All coastal areas Mildly flooded coast Severely flooded coast
RR 95% CI RR 95% CI RR 95% CI RR 95% CI
Men

2011 35-54 1.06 0.90-1.25 1.30 0.98-1.72 1.16 0.80-1.67 1.54 0.99-2.40
55-74 0.88* 0.81-0.95 0.98 0.86-1.11 1.00 0.85-1.18 0.93 0.75-1.16
75+ 1.00 0.93-1.08 1.09 0.96-1.25 1.08 0.92-1.27 1.11 0.89-1.39
adjusted? 0.95 0.88-1.03 1.06 0.93-1.21 1.05 0.90-1.23 1.06 0.85-1.33

2012-2017 35-54 0.99 0.89-1.10 1.02 0.85-1.23 1.06 0.84-1.34 0.95 0.69-1.30
55-74 0.87* 0.83-0.92 0.82* 0.76-0.89 0.88* 0.80-0.98 0.73* 0.64-0.83
75+ 0.94* 0.90-0.98 0.85* 0.78-0.92 0.85* 0.77-0.94 0.83* 0.72-0.96
adjusted? 0.91* 0.87-0.96 0.85* 0.78-0.93 0.88* 0.80-0.98 0.79* 0.68-0.91

Women

2011 35-54 0.96 0.75-1.12 1.06 0.70-1.60 0.96 0.58-1.61 1.26 0.63-2.52
55-74 0.86* 0.77-0.96 0.81* 0.68-0.98 0.94 0.75-1.17 0.59* 0.42-0.84
75+ 1.01 0.95-1.08 0.98 0.87-1.10 0.93 0.81-1.07 1.07 0.87-1.32
adjusted? 0.97 0.91-1.03 0.93 0.83-1.05 0.93 0.81-1.08 0.94 0.77-1.16

2012-2017 35-54 0.94 0.82-1.09 0.98 0.76-1.27 091 0.66-1.25 1.13 0.72-1.77
55-74 0.85* 0.80-0.91 0.76* 0.68-0.85 0.77* 0.67-0.88 0.75 0.87-1.32
75+ 0.96* 0.92-0.99 0.91* 0.85-0.98 0.83* 0.76-0.90 1.10 0.97-1.24
adjusted? 0.93* 0.89-0.97 0.87* 0.81-0.94 0.82* 0.75-0.89 0.98 0.86-1.11

*p < 0.05. RR, relative risk; CI, confidence interval.
2 Relative risk of incidence adjusted by stratified age groups.

previous year). In the postdisaster years, the decline in the population size recovered to that
of the predisaster years for all inland men and women, and all coastal women, but showed a
mild decline for coastal men (a decrease of 0.7% annually at the severely flooded coast and
0.5% at the mildly flooded coast). CVD incidence showed a downward trend during the study
years with the exception of a rapid decline in 2012 among all coastal men.

The age-adjusted incidence rates of CVDs by area from 2008 to 2017 are shown in Figure
2.These gradually decreased, with the exception of a temporary increase for men in all coastal
areas in the disaster year (Fig. 2a). In the postdisaster years, a major decrease in CVD inci-
dence was observed among men at the severely flooded coast (Fig. 2b).

The age-specific incidence rates of CVDs, by area, in the predisaster years, the disaster
year, and the postdisaster years are shown in Figure 3. In all inland areas, the incidence of
CVDs for both men and women aged >55 years decreased in the postdisaster years compared
with rates in the predisaster years (Fig. 3a, b). In all coastal areas, the rate for men aged >75
years increased in the disaster year, and the rates for men and women aged >55 years
decreased in the postdisaster years (Fig. 3¢, d). At the mildly flooded coast, the rate for men
aged >75 years increased in the disaster year, and the rates in men and women aged >55
years decreased in the postdisaster years (Fig. 3e, f). At the severely flooded coast, the rates
for men aged <55 years and for those aged >75 years increased in the disaster year, and the
rate for men aged >55 years decreased in the postdisaster years but the rates for women
hardly changed (Fig. 3g, h).

The age-specific and adjusted RRs in the disaster year and postdisaster years are shown
in Table 2. In the disaster year, most of the age-specific RRs for both men and women in all
areas were not significant, and the adjusted RRs for both men and women in all inland areas
and for women in all coastal areas showed a decreasing trend, but these were not significant.
The adjusted RR for men in all coastal areas showed an increasing trend, but this was not
significant. In the postdisaster years, most of the age-specific RRs for both men and women

-
Karger <



Cerebrovasc Dis Extra 2020;10:105-115
Ce re brovaSCUIa r DOI: 10.1159/000509869 © 2020 The Author(s). Published by S. Karger AG, Basel

. www.karger.com/cee
Diseases Extra

Omama et al.: Reduced Stroke Occurrence after the Japan Earthquake

aged >55 years in all areas as well as most of the adjusted RRs for both men and women in
all areas showed a significant decrease, except for women at the severely flooded coast who
did not show a significant change. A comparison of the diminished adjusted RRs between all
inland and coastal areas in the postdisaster years showed that those in the coastal areas were
greater than those in inland for both men and women. A comparison of the diminished
adjusted RRs between the mildly flooded and severely flooded coast in the postdisaster years
showed that those for men at the severely flooded coast were greater than for men at the
mildly flooded coast, but that those for women at the mildly flooded coast were greater than
for women at the severely flooded coast, i.e., an inverse pattern.

The cases of first-ever CVD onset showed similar results (online suppl. Fig. 1, 2, and Table
1; for all online suppl. material, see www.karger.com/doi/10.1159/000509869). The age-
adjusted incidence rate of cerebral infarction varied in a pattern similar to that of all CVDs
(online suppl. Fig. 3). The age-adjusted incidence rate of intracerebral hemorrhage did not
show a sharp peak in the disaster year for either men or women in any areas (online suppl.
Fig. 4). The age-adjusted incidence rate of subarachnoid hemorrhage showed a sharp peakin
the disaster year for men in all coastal areas, but did not peak in the disaster year for women
in all coastal areas or in both men and women inland (online suppl. Fig. 5).

Discussion

This study revealed that the incidence of CVDs at the tsunami-flooded coast did not
increase in the year of the Great East Japan Earthquake and Tsunami of 2011, and that the
incidence for men decreased according to the severity of flood damage in the years following
the disaster.

An increase in CVDs for a month and then a subsequent decline in incidence after the
disaster was previously reported [6]. The victims of the tsunami disaster suffered from severe
stress due to health complaints, severe economic problems, relocations, and the lack of social
networks [18]. There were reports of elevated blood pressure among tsunami survivors after
the disaster [19-21]. Soon after the disaster, several forms of support were offered to the
tsunami victims housed in the evacuation shelters, such as medical support, mental health
support, and free medical services to those who had lost their homes and family units that
had lost their main income [4]. A few months after the disaster, the number of victims who
were relocated to provisional housing reached 43,000, which accounted for 40% of the popu-
lation in the tsunami-flooded area [4]. The reduction in the increase of CVDs in the coastal
area in the disaster year could have been the result of the support for the victims.

In the postdisaster years, an increase in the treatment and control of hypertension and a
significant association between major housing damage and lower blood pressure of victims
were reported [22, 23]. The greater suppression of age-adjusted mortality rates of acute
myocardial infarction for coastal men in the postdisaster years according to the severity of
the flood damage was also confirmed [24] (online suppl. Fig. 6). Many supportive activities
for the victims in provisional housing have been continued, and a free medical service is still
in place today. The remarkable decrease in CVDs in the coastal area in the postdisaster years
is most likely the result.

Conversely, no suppression of CVDs among women in the severely flooded coast of the
postdisaster years was seen. Women at the severely flooded coast had a low incidence of
CVDs and a lower risk of developing CVDs. They would not have so affected by the disaster,
as was the case for young people. The results of this study suggest that supportive activities
following a disaster are most effective for people who are in the high-risk group for devel-
oping CVDs, i.e.,, men and the elderly.
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The migration of residents after the disaster was believed to be another factor for the
diminished incidence of CVDs in the coastal areas. The decrease in coastal population size
according to the severity of flood damage, and the blunting of the decline in the size of the
population inland were confirmed, but age-specific differences in these migrations have not
been confirmed. No background information about the victims who died or moved away from
the coastal areas is available. The elderly or disabled coastal residents at a high risk of devel-
oping CVDs were considered dead due to the deterioration of medical and nursing care imme-
diately after the disaster. Survivors with a high risk of developing CVDs were taken to have
moved to the inland area in order to have access to medical and nursing care. In the postdi-
saster years, this migration was set to continue until adequate restoration and reconstruction
are achieved. The blunting of the decline in the population of coastal men indicates a migration
of many healthy male workers from inland or outside of Iwate prefecture to the coastal areas
for the purpose of postdisaster restoration and reconstruction.

Previous studies showing an increase in the incidence of CVDs after the disaster of 2011
were conducted not long after the disaster, i.e., within 1 or 2 years [5, 6]. These studies do not
reflect the various forms of support for victims or the migration of the population after the
disaster years.

This study had several limitations. The background of registered patients was not eval-
uated because the Iwate Stroke Registry does not include details such as risk factors for CVDs
or residential status following the disaster. The CVD data from before the disaster that was
no longer available from the 3 hospitals destroyed at the severely flooded coast could have
influenced the incidence of CVDs after the disaster in an incremental manner. A sudden
decrease in the population due to death or disappearance in the tsunami disaster and due to
relocation after the disaster was not assessed in this study because some municipalities at the
severely flooded coast lost their population database for several months due to the damage
caused by the tsunami [24]. Several months after the disaster, a rapid decrease in the popu-
lation of the coastal area gradually recovered to the normal rate of the predisaster years [24].
The CVD incidence rate in the disaster year in the coastal area could have been overestimated,
and that of the postdisaster years in the coastal area could have been influenced by the
unusual population movement.

The results of this study reflect the conditions that were prevalent in the tsunami-flooded
coastal areas for a long time after the disaster. They provide important information about
support for the victims, which will be useful after major earthquakes and huge tsunamis that
have been predicted to occur in the near future. In the flooded coastal areas, most of the
victims of the Great East Japan Earthquake and Tsunami of 2011 will finish relocating from
provisional housing to permanent disaster-restoration housing in the near future. Several
forms of support, like the free medical service, may be terminated soon. It will be important
to continue researching the trends in the occurrence of CVDs in tsunami-flooded coastal
areas.
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