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Impact of the 2011 Great East Japan Earthquake
on community health: ecological time series on
transient increase in indirect mortality and recovery
of health and long-term-care system

Mari Uchimura,' Masashi Kizuki," Takehito Takano, Ayako Morita,' Kaoruko Seino?

ABSTRACT

Background The objectives were to clarify the trend in
the cause-specific mortality rate and changes n health
and long-term-care use &fter the Great East Japan
Earthquake in 2011.

Methods We obtained the following data from
national sources: the number of deaths by cause, age
and month; the amount of healthcare insurance
expenditures by type of services, age and month; the
amount of long-term-care insurance expenditures by type
of services, age, care need and month. We estimated
increase in standardised mortality rate postearthquake
compared with pre-earthquake, and change in the
standardised amount of health and long-term-care
insurance expenditures post-earthquake compared with
pre-earthquake in three severely affected prefectures,
fwate, Miyagi and Fukushima, by the adjustment for
trends in the other prefectures.

Results The risk of indirect mortality increased in the
month of the earthquake (relative risk (RR) with 95% C!
1.20 (1.13 to 1.28) for those 60-69 years of age, 1.25
(1.17 10 1.32) for 70-79 years, and 1.33 (1.27 to0 1.38)
for 80 years and older). The amount of health and long-
term-care insurance expenditures decreased among
elderly persons in the month of the earthquake, and
recovered to 95% of usual level within 1-5 months.
Among cities and towns hit by tsunami, higher
percentage of households flooded was associated with
higher risk of indirect mortality (p<0.001), lower
expenditures for outpatient medical care (p<0.001), and
lower expenditures for home-care services {p<0.001).
Condlusions This study showed transient increase in
indirect mortality and recovery of health and long-term-
care system after the earthquake.

INTRODUCTION
A 9.0 magnitude earthquake struck on 11 March
2011, at an epicentre of 130 km east of the northeast
coast of Japan’s main island. A tsunami triggered by
the quake reached Iwate, Miyagi and Fukushima
Prefectures within 15 min of the main shock; the
maximum wave height was about 9 m or higher in
these three prefecrures.’ Tsunami flooded 602 000
households in six coastal prefectures; 85% of the
households were located in the three prefectures.®
Strong aftershocks followed. Magnitudes of six after-
shocks were greater than 7.0." The cabinet named
the disasters related to the quake, aftershocks, and
tsunami the Great East Japan Earthquake.

The total number of dead, missing and injured
persons from the direct consequence of the

earthquakes and tsunami was 15884, 2636 and
6147, respectively; 99.6%, 99.8%, and 73.9%,
respectively, of these were residents of the three
prefectures.?

In addition to these direct deaths, increases in the
incidence of communicable and non-communicable
health problems were reported in these prefectures.
The number of preumonia hospitalisations
increased 2 weeks after the earthquake in select hos-
pitals in Miyagi Prefecture.® ¥ Frequency of ambu-
lance transports and number of admissions to
hospitals of cardiovascular disease cases increased
within 2 months of the earthquake in Miyagi
Prefecture.® 7 The number of peptic ulcer cases
increased within 1 month of the earthquake in
Miyagi Prefecture.® Patients with end-stage renal
failure or stroke died during transportation from the
evacuation area in Fukushima Prefecture.?
Metabolic profiles such as HbAlc deteriorated post-
quake (compared with prequake examination)
among evacuees.’® The Reconstruction Agency
reported that 1632 deaths, 35% of whom were
60 years of age or older, were accredited by munici-
palities as recipients of condolence money for
deaths from deterioration of health problems due to
the indirect effects of the earthquake, including
physical and mental fatigue, deterioration of chronic
diseases, inadequate healthcare, and so on.**

More than half of hospitals and clinics were
damaged in [Iwate, Miyagi and Fukushima
Prefectures. Out of 380 hospitals and 4036 clinics
in the three prefectures, 10 and 83 facilities were
damaged completely, and 290 and 1176 partly,
respectively.® In 39 cities and towns hit by the
tsunami in the three prefectures, the number of
hospital beds and clinics decreased from 24 548
and 1284 in October 2010 to 22 314 and 1191 in
Qctober 2011, respectively, according to the Survey
of Medical Institutions. Substantial damage to
long-term-care facilities was also reported in these
prefectures. For example, 30 and 291 facilities pro-
viding home-care services were damaged in the
Iwate and Miyagi Prefectures, respectively, and
functioning of the services deteriorated substan-
tially in the disaster-affected areas.*?

Availability of health and long-term-care services
is key to preventing deaths that are likely to
increase as living condition deteriorate. Based on
the experience of the Great Hanshin-Awaji
Earthquake in 1995, Disaster Medical Assistance
Teams (DMAT) were established. From 11 March
to 22 March 2011 about 340 DMATS consisting of

874

Uchimura M, et af. J Epidemiol Community Health 2014;68:874 882. doi:10.1136/jech- 2014-204063

38



1500 merbers were dispatched to Iwate, Miyagi, Fukushima

and Ibaraki Prefectures.’® Healthcare teams followed the
DMAT, and residents of disaster-affected areas were able to
receive medical care service without copayment. We focused on
the duration of the impact of the earthquake on the use of
health and long-term-care services, as well as health risks,
notably among elderly petsons.

We predicted that health status and the volume of health and
long-term-care services provided in the disaster-affected areas
were influenced by the earthquake. It is recommended to con-
sider the amount of health and long-term-care insurance expen-
ditures to capture the total amount of health services provided
in Japan.*

The objectives of this study were to clarify the impact of the
Great East Japan Earthquake on cause-specific mortality, and to
describe recovery in terms of the use of health and
long-term-care services after the earthquake.

METHODS

We analysed ccological time series data about the number of
deaths and the amount of health and long-term-care insurance
expenditures. Study areas were Iwate, Miyagi and Fukushima
Prefectures, three neighbouring coastal prefectures that were
most widely affected by the tsunami during the Great East
Japan Earthquake. For city-level and town-level analyses, we
selected cities flooded by the tsunami in the three prefectures.
Statistical data collected in this study were publicly available,
and did not contain information to identify specific individuals.

Data collection

The numbers of deaths by cause, age of decedent (5-year
group), month of occurrence (from January 2009 to December
2012), and prefecture, as well as the numbers of deaths by year
of occurrence (2010 and 2011), and city and town, wete col-
lected from the Vital Statistics produced by the Ministry of
Health, Labour and Welfare.

The number of deaths as direct consequences of the earth-
quakes and tsunami at the city and town level was collected
from a portal site that reported damage due to the earthquake
operated by each prefecture.'*™*®

The amounts of healthcare insurance expenditure for
inpatient and outpatient medical care by age of person (less than
70 years of age, and 70 years of age and older), month of use
(from April 2010 to March 2012), and ptefecture were col-
lected from the Survey on the Trend of Medical Care
Expenditures by the Ministry of Health, Labour and Welfare.
The data covered all types of healthcare insurance.

The amount of expenditures for National Health Insurance
operated by municipalities for one fiscal year (FY) per insured
person was estimated by the Ministry of Health, Labour and
Welfare at the city and town level. This insurance system
covered farmers, self-employed persons, retired persons and
other persons who were not covered by other health insurance
systems. This insurance system did not cover people 75 years of
age and older, or those 65-74 years of age certified as having a
specific disability.

The amount of long-term-care insurance benefit expenses by
type of services (home-care services, community-oriented ser-
vices, and facility services), level of need (requiring support 1
and 2, and requiring long-term-care levels 1 through 5), month
of use (from April 2010 to March 2012), and prefecture was
collected from the Survey of Long-term-Care Benefit
Expenditures by the Ministry of Health, Labour and Welfare.
The amount of long-term-care insurance benefit expenses by

type of service, age of person (40 years through 64 years of age,
and 65 years of age and older), level of need, FY of use (FY2010
and FY2011), and city and town, was collected from the Annual
Report on the Status of the Long-term-Care Insurance Project
by the Ministry of Health, Labour and Welfare. We also col-
lected the number of insured persons 65 years of age and older
by city and town as of April of each year from the report.
Persons with long-term-care insurance were all 40 years of age
and older.

The number of households flooded by the earthquakes and
tsunami by city and town was estimated by the Statistics Bureau
based on a flooded area map developed by the Geospatial
Information  Authority of Japan using remote sensing images,
and on the number of households located in flooded areas
according to the 2010 Census.

Data analysis

A mortality rate ratio comparing the Iwate, Miyagi and
Fukushima Prefectures with the other 44 prefectures in Japan
was calculated for each month between January and September
2011. The age and cause-specific numbers of deaths were
summed for Iwate, Miyagi and Fukushima Prefectures, and for
the other prefectures for each month between January 2009
and December 2012. The combined population in all other pre-
fectures as of October 2010 was defined as a standard popula-
tion. Then, age-standardised mortality rates were calculated for
the combined population of Iwate, Miyagi and Fukushima
Prefectures, and that of all other prefectures. Age and cause-
specific background mortality rate ratios comparing these two
combined populations were obtained dividing the average mor-
tality rate between January 2009 and December 2010 for the
combined population of [wate, Miyagi and Fukushima
Prefectures by that for all other prefectures. An age and cause-
specific mortality rate ratio for each month between January
and September in 2011 was calculated as a ratio of the standar-
dised mortality rate ratio comparing the two combined popula-
tions divided by the background mortality ratio. The mortality
tate ratio estimated in this method can be interpreted as the
ratio comparing before and after the earthquake for Iwate,
Miyagi and Fukushima Prefectures after adjusting for general
trend in the mortality rate estimated from all other prefectures,
The methods to estimate population by age (S-year group) and
sex at national or prefecture level for each month between
January 2009 and December 2012 are described in the online
supplementary file.

Ratios of the amount of health and long-term-care insurance
expenditure per insured person for Iwate, Miyagi and
Fukushima Prefectures to the average amount for all other 44
prefectures were estimated for each month between April 2010
and March 2012, The amount of healthcare insurance expendi-
tures for persons 70 years of age and older, and that of
long-term-care insurance expenditures for those 40 years of age
and older was divided by the estimated population size.
Background ratios were calculated comparing the average
amount of expenditure between April 2010 and February 2011
for Iwate, Miyagi and Fukushima Prefectures, and that for all
other prefectures. Ratios of the amount of expenditure for
Iwate, Miyagi and Fukushima Prefectures to that for all other
ptefectures were calculated adjusting for the background ratios.

The mortality rate from any causes excluding the direct con-
sequences of the earthquakes and tsunami in 2011 was com-
pared with the predicted value estimated by extrapolation from
data between 2008 and 2010 for each city or town hit by
tsunami. The number of deaths from the direct consequences of

Uchimura M, et al. J Epidemiol Communily Health 2014;68:874-882. doi:10.1136/jech-2014-204063 875



ov

9.8

£90702-7107-Y231/9€1 L'0L:10P ' 788-1£ 8:89'71 0T 2oy Ayunwiwio) jojwapidy £ e 32 ' einwiydn

:iT‘abIe 1 Mortahty rate ratio. fromk:kelected causes of

Cause of death 8
Age group (year) :

03809 to1. 06) :
099 (092101.07)  0.97
1000950106

S 59—59 ,

- Malignant neopla
© 6069

1060950116
10,94 (0.82 19 1,06}
+0.99(0.91 101.06):

X 8) 13008210178 1.
©96101.49) 1210095 m148)~; 00




‘ Co‘ntiﬁl\ed e

Table 1

Cause of death  MOMt2
. Age group {year) ‘January

* Senilty witholrt mention of psychosiss

1.83* (115

5% (146 10.2.83)

15

11604810 1.8

“Suidide

061015t 108 1

1.01 (05510 1.48)

302710120

1.02101.96)

1.03(056%6.1.50)

148

0.64 (0.0

13507310197 162(1.0010224)

094(03310156)

080 (01810 1.42) 1.

from 1.00 by

047 (01510109

< 4p0.05 for the difference of the ratio

justed for the average mo

us substances.

the earthquakes and tsunami was subtracted from the total
number of deaths in 2011. The denominator of mortality rate
was population on 1 October in each year.

Changes in the amount of health and long-term-care insur-
ance expenditures per insured person were estimated for each
city or town hit by tsunami. The amount of benefit expenses
from the National Health Insurance operated by municipalities,
per insured person less than 75 years of age in FY2011, was
compared with the predicted value estimated by extrapolation
from data between FY2008 and FY2010. The amount of
long-term-care insurance expenditure for primary insured
persons (those 65 years of age and older) in FY2011 was
divided by the number of primary insured petsons in April of
the year, and was compared with the predicted value estimated
by extrapolation from data between FY2008 and FY2010.

Associations between change in mortality rate in 2011 from
the trend since 2008, and the percentage of households
flooded, and that between the changes in the amount of health
and long-term-care insurance expenditures per insured person
in 2011 from the trend since 2008, and the percentage of
households flooded, at the city and town level were assessed
using interrupted time series analysis.'’

RESULTS

Table 1 shows trend in the mortality rate ratio comparing [wate,
Miyagi and Fukushima Prefectures with all other prefectures in
Japan. The mortality rate ratio from all causes of death exclud-
ing the direct consequences of the earthquakes and tsunami
increased significantly in March, and returned to the standard
level within 3 months. Mortality rate from malignant neo-
plasms, endocrine, nutritional and metabolic diseases, vascular
or unspecified dementia, heart diseases, cerebrovascular dis-
eases, pneumonia, chronic obstructive pulmonary disease and
senility, increased significantly for at least one of the age groups
in March. An increase in the mortality rate from heart diseases
and senility continued until June among persons 80 years of age
and over. All the transient increases in the cause-specific mortal-
ity rate ended by July. Increase in the mortality rate from suicide
was observed in April among persons 70 years of age and older.

Figure 1 shows the trend in the ratio of the amount of health-
care insurance expenditure per insured person 70 years of age
and older for Iwate, Miyagi and Fukushima Prefectures to that
for all other prefectures. The ratio for inpatient medical care
decreased in March to 0.82 and 0.81 in Miyagi and Fukushima
Prefectures, respectively, and recovered to reach 0.90 or higher
by April in both prefectures, and 0.95 or higher by May, and
July in the rtespective prefectures. The ratio for outpatient
medical care decreased in March to 0.85, 0.74 and 0.79 in
Iwate, Miyagi and Fukushima Prefecture, respectively, and
recovered to reach 0.90 or higher by April in all prefectures,
and 0.95 or higher by April, June and June in the respective
prefectures.

Figure 2 shows the trend in the ratio of the amount of
long-term-care insurance expenditures per insured person for
Iwate, Miyagi and Fukushima Prefectures to that for all other
prefectures after the earthquake. The ratio for home-care ser-
vices decreased in March to 0.72, 0.57, and 0.68 in Iwate,
Miyagi and Fukushima Prefectures, respectively, and recovered
to reach 0.90 or higher by April, June and May, and 0.95 or
higher by May, August and June in the respective prefecture.
The ratio for community-oriented services decreased in March
to 0.85, and 0.88 in Miyagi and Fukushima Prefecture, respect-
ively, and recovered to reach 0.90 or higher by April, and 0.95
or higher by May in both prefectures.
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Table 2 shows increase in the mortality rate from any causes
excluding the direct consequences of the earthquakes and
tsunami in 2011, and the change in the amount of health and
long-term-care insurance expenditures per insured person in
FY2011 at the city and town level. The mortality rate increased
significantly in 5 out of 37 cities and towns. The amount of
home-care services per insured person 65 years of age and older
decreased significantly in 8 out of 29 cities and towns, and the
amount of community-oriented services increased in 24 out of
29 of cities and towns.

Table 3 shows the association between increase in moreality
rate and percentage of households flooded by the tsunami, and
that between change in the amount of health and long-term-care
insurance expenditures per insured person and percentage of
households flooded by the tsunami. As more proportion of
households were flooded, the morrality rate increased (B=14.9
(95% CI 10.6 ta 19.3) per 100 000 population), the amount of
outpatient medical care decreased more (B=-335.6 (95% CI
~526.7 to ~144.4)), and that of home-care services decreased
more (f=—474.5 (95% CI —683.6 to —265.4)).

Figure 2 Trend in ratio of the A Ratio Home care services
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