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cardiovascular disease (CVD), including sudden cardiac death 
and acute myocardial infarction (AMI), occurs after large 
earthquakes.2–5 In the case of the GEJ Earthquake, there were 
increased incidents of CVD, pneumonia, acute heart failure 
and sudden death.6–9 In addition, after the Great Hanshin-
Awaji (H-A) Earthquake, an increase in the occurrence of 
stroke was also reported.10 However, the incidence of CVD 

he Great East Japan (GEJ) Earthquake struck the 
northeast region of Japan in 2011 and was the most 
powerful earthquake ever recorded in Japan. It had a 

magnitude of 9.0 on the Richter scale and the ensuing tsuna-
mis reached 38 m above sea level. The damage was devastat-
ing: 19,074 people died, and 127,361 homes were destroyed.1

There are several reports worldwide that an increase in 
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Background: Large earthquakes have been associated with cardiovascular disease (CVD) mortality. In Japan, the 
1995 Great Hanshin-Awaji (H-A) Earthquake was an urban-underground-type earthquake, whereas the 2011 Great 
East Japan (GEJ) Earthquake was an ocean-trench type. In the present study, we examined how these different 
earthquake types affected CVD mortality.

Methods and Results: We examined death certificate data from 2008 to 2012 for 131 municipalities in Iwate, 
Miyagi, and Fukushima prefectures (n=320,348) and from 1992 to 1996 for 220 municipalities in Hyogo, Osaka, and 
Kyoto prefectures (n=592,670). A Poisson regression model showed significant increases in the monthly numbers 
of acute myocardial infarction (AMI)-related deaths (incident rate ratio [IRR] GEJ=1.34, P=0.001; IRR of H-A=1.57, 
P<0.001) and stroke-related deaths (IRR of GEJ=1.42, P<0.001; IRR of H-A=1.33, P<0.001) after the earthquakes. 
Two months after the earthquakes, AMI deaths remained significant only for H-A (IRR=1.13, P=0.029). When analyz-
ing the standardized mortality ratio (SMR) after the earthquakes using the Cochran-Armitage trend test, seismic 
intensity was significantly associated with AMI mortality for 2 weeks after both the GEJ (P for trend=0.089) and H-A 
earthquakes (P for trend=0.005).

Conclusions: Following the GEJ and H-A earthquakes, there was a sharp increase in CVD mortality. The effect of 
the disaster was sustained for months after the H-A earthquake, but was diminished after the GEJ Earthquake.   
(Circ J 2015; 79: 1000 – 1008)
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The present study was designed to determine whether (1) 
the type of earthquake and (2) seismic intensity has an effect 
on CVD. With this aim, we analyzed the extent of increased 
deaths from AMI and stroke in 3 prefectures that included 
most of the areas affected by the H-A and GEJ Earthquakes.

Methods
Population and Study Area
The GEJ Earthquake occurred on March 11, 2011. The epi-
center was located at 38 degrees latitude, 19 min north, and 
142 degrees longitude, 22 min east.1 The disaster area widely 
encompassed East Japan. Our study included data from 131 
municipalities that sustained severe damage from the earth-
quake: 13 cities and 20 municipalities in Iwate prefecture; and 
4 districts of Sendai city, 12 other cities and 22 municipalities 

mortality related to the GEJ Earthquake has not been investi-
gated.

The H-A Earthquake with a magnitude of 7.2 was the sec-
ond largest natural disaster to occur in Japan in the past 50 
years. It hit the southern part of Hyogo Prefecture on January 
17, 1995.11 After the H-A Earthquake (6,434 total deaths) there 
was an increase in stroke and AMI.5,10 Awaji Island and Kobe 
city were the only areas that were studied; however, the effect 
of seismic intensity on AMI mortality remains unknown.

An increase in mortality related to CVD after large earth-
quakes has been reported, but the research studies did not 
focus on earthquake type. The H-A Earthquake was an urban-
underground type, and the GEJ Earthquake was an off-shore, 
ocean-trench type (Table 1).1,11–13 There is no evidence that 
differences in the damage caused by the earthquakes increased 
the CVD mortality rate.

Table 1. Comparison Between the Great East Japan Earthquake and Great Hanshin-Awaji Earthquake1,11–13

The Great East Japan Earthquake The Great Hanshin-Awaji Earthquake

Date March 11, 2011, at 14:46 hours January 17, 1995, at 5:46 hours

Magnitude 9.0 7.3

Earthquake type Off-shore, ocean-trench type Underground type

Area characteristic Rural Urban

Main damage Tsunami Building collapse, and fire disaster

Completely-destroyed houses 127,361 104,906

Causalities 19,074 dead 6,434 dead

2,633 missing persons (at September 1, 2014) 3 missing persons (at May 19, 2006)

Cause of death Drowning (>90%) Suffocation or crushing (>70%)

Figure 1.  Locations of the epicenters of the Great East Japan Earthquake and the Great Hanshin-Awaji Earthquake, and the study 
areas.
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intervals and designated the day of the earthquake as the start-
ing point. Monthly death rates of AMI and stroke after the 
earthquakes were compared with mean values in the same 
month from 3 previous years as a reference using a Poisson 
regression model. The Poisson regression model was similarly 
applied to data from the year immediately after the H-A Earth-
quake as a reference, because the ICD was considerably mod-
ified in 1995. In addition, because damage from the H-A 
Earthquake was concentrated in Hyogo prefecture (>90% of 
the deaths occurred in Hyogo prefecture), a similar analysis 
limited to Hyogo prefecture was performed.

The standardized mortality ratio (SMR) in each municipal-
ity for 2 weeks, 1 month, 9 months and 1 year following each 
earthquake was calculated using the AMI and stroke death 
rates from 3 previous years as a reference for the GEJ Earth-
quake. Similarly, the SMR was calculated during intervals in 
1996 and used as a reference for the H-A Earthquake. The 
effect of seismic intensity, and excessive AMI and stroke 
mortality (SMR ≥2) were analyzed using the Cochran-Armit-
age trend test for 2 weeks, and 1 month after the earthquakes.

SAS statistical software was used for all analyses and a 
P-value of less than 0.05 was considered as statistically sig-
nificant.

Results
The total number of deaths in Iwate, Miyagi, and Fukushima 
prefectures between 2008 and 2012 was 320,348. In Hyogo, 
Osaka, and Kyoto prefectures between 1992 and 1996, the 
total was 592,670. On comparing data, from 2008 to 2010 
with the data from the year of each earthquake, the number of 
deaths increased in all prefectures. The largest increase was in 
Miyagi prefecture following the GEJ Earthquake and in 
Hyogo prefecture following the H-A Earthquake (Table 2). 
The percentages of the population aged ≥65 years in the 3 
prefectures affected by the GEJ Earthquake were 20.6% for 
men and 27.4% for women. In contrast, the percentages in the 
3 prefectures of the H-A Earthquake were 10.7% for men and 
15.1% for women (Table S1).

Figure 2 shows the death rates (per 100,000) from AMI and 
stroke in the study area affected by the GEJ Earthquake from 
January 11, 2008 to December 10, 2012. One year after the 
earthquake, the total number of AMI deaths amounted to 
2,799 (48.5 per 100,000) and stroke deaths were 8,004 (138.5 
per 100,000). These data showed that the AMI and stroke death 
rates were higher than in other years.

The mortality per month from CVD tended to be higher in 
the winter and lower in the summer in all years. We compared 
the monthly occurrence of AMI deaths and stroke deaths 
immediately after the GEJ Earthquake to the same months in 
the 3 previous years using a Poisson regression model. The 
incident rate ratio (IRR) for AMI deaths was 1.39 (95% con-
fidence interval [95% CI], 1.13–1.58) and the IRR for stroke 

in Miyagi prefecture; and 13 cities and 46 municipalities in 
Fukushima prefecture (Figure 1). The total number of human 
casualties from the study area included 99.4% of the total 
number of human casualties from the GEJ Earthquake. 1

The H-A Earthquake occurred on January 17, 1995. The 
epicenter was located at 34 degrees latitude, 36 min north, and 
135 degrees longitude, 2 min east.11 The main disaster area 
was the Hyogo prefecture. The study area for the H-A Earth-
quake included 220 municipalities: 9 districts consisted of 
Kobe city, 20 other cities and 70 municipalities in the Hyogo 
prefecture; 24 districts comprising Osaka city, 32 other cities 
and 11 municipalities in the Osaka prefecture; and 11 districts 
comprising Kyoto city, 10 other cities and 33 municipalities 
in the Kyoto prefecture (Figure 1). The number of human 
causalities in Hyogo prefecture included 99.5% of the total 
number of human causalities in the H-A Earthquake 
(6,402/6,434).12

Data Collection
We examined death certificate data between 2008 and 2012 
from the 131 municipalities in Iwate, Miyagi, and Fukushima 
prefectures (n=320,347; GEJ), and between 1992 and 1996 in 
220 municipalities in Hyogo, Osaka, and Kyoto prefectures 
(n=592,670; H-A). The death certificate data were provided by 
the Ministry of Health and Welfare in Japan with official per-
mission, and included date of death, date of birth, sex, under-
lying cause of death and the area code for each decedent. The 
cause of death was coded according to the International Clas-
sification of Diseases, 9th Revision (ICD-9) (1994) and 10th 
Revision (ICD-10) (1995).

In order to calculate the death rates for the 5 years before 
and after the earthquakes, we obtained population data from 
the annual reports of the study area, which are based on the 
population Residential Register of Japan.14 We extrapolated 
the population data from 1992 to 1994 using 1995 data because 
there was a lack of data prior to 1995.

Information on seismic intensity was obtained from the 
Japan Meteorological Agency.15 We used the maximum seis-
mic intensity, as categorized by Japan Meteorological Agen-
cy’s Intensity scale (JMAI scale). Seismic intensity was 
measured in a total of 291 stations, and we processed the data 
using the location information of city halls from municipali-
ties in Iwate, Miyagi and Fukushima Prefectures. However, 
the seismic intensity was measured in only 179 stations in 
1995, which covered 64 municipalities in Hyogo (26 munici-
palities), Osaka (24 municipalities) and Kyoto prefectures (12 
municipalities).15

This study was approved by the Institutional Review Board 
of the National Cerebral and Cardiovascular Center.

Statistical Analysis
We counted the deaths from AMI (ICD-9 410; ICD-10 I21-
22) and stroke (ICD-9 430-438; ICD-10 I60-69) at monthly 

Table 2. Number of Death Certificates Analyzed

Year
The Great East Japan Earthquake (2011)

Year
The Great Hanshin-Awaji Earthquake (1995)

Iwate Miyagi Fukushima Total Hyogo Osaka Kyoto Total

2008 15,042 20,722 21,617 57,381 1992 39,098 56,226 19,119 114,443

2009 15,434 20,873 21,602 57,909 1993 40,222 57,728 19,525 117,475

2010 15,784 21,984 22,804 60,572 1994 40,012 57,024 19,133 116,169

2011 22,362 34,052 26,150 82,564 1995 47,771 59,604 19,628 127,003

2012 16,168 22,287 23,467 61,922 1996 39,691 58,497 19,392 117,580
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(Table 3).
Figure 3 shows death rate (per 100,000) from AMI and 

stroke in the study area affected by the H-A Earthquake from 
January 17, 1992 to December 16, 1996. The total number of 

deaths was 1.42 (95% CI, 1.29–1.57) in the year after the GEJ 
Earthquake. A sharp increase in the AMI death rate was only 
observed during the first month following the GEJ Earth-
quake, but a significant increase continued for 2 months 

Figure 2.  Monthly death rates from January 11, 2008 to December 10, 2012 for AMI (A) and stroke (B) in Iwate, Miyagi and 
Fukushima prefectures. Red arrows indicate the occurrence of the Great East Japan (GEJ) Earthquake. *P<0.001, **P<0.05: 
comparison with the reference, which was the means of the number of AMI and stroke deaths in the same months for the previous 
3 years. AMI, acute myocardial infarction.
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the GEJ or the H-A Earthquake.

Discussion
The present study shows that 1 month after the GEJ Earth-
quake and the H-A Earthquake, there was a sharp increase in 
AMI and stroke mortality. The effect on AMI mortality was 
sustained for months after the H-A Earthquake, but not after 
the GEJ Earthquake. To our knowledge, this is the first report 
that used similar data to compare the effect of different types 
of major earthquakes on CVD mortality among a large popu-
lation. In addition, there is evidence that AMI mortality was 
associated with seismic intensity, whereas stroke mortality 
showed no association with seismic intensity.

The current results indicted increased AMI and stroke mor-
tality rates after both earthquake disasters. Our findings are 
consistent with most previous studies.5,16,17 For 2 months after 
the H-A Earthquake and for 1 month after the GEJ Earth-
quake, there was an increased mortality from AMI. Stroke 
mortality continued for 2 months after both earthquakes. The 
H-A Earthquake seems to have had a more prolonged effect 
on AMI mortality than the GEJ Earthquake. It has been 
reported that AMI mortality increased for 8 weeks after the 
H-A Earthquake,5 in comparison with previous earthquakes, 
including the Northridge Earthquake.17 The Northridge Earth-
quake was also an underground-type and was the same type as 
the H-A Earthquake, though damage was less than the H-A 
Earthquake. The GEJ Earthquake caused more severe damage 
and approximately 3-fold more human causalities as the H-A 
Earthquake. The percentage of the population aged ≥65 years 
was higher in the 3 prefectures that were included in the study 
for the GEJ Earthquake than in the 3 prefectures included in 
the study for the H-A Earthquake. However, in examining the 
incidence of AMI and stroke, the data for the previous 3 years 
in each region were used as reference data. Therefore, earth-
quake type or size and the difference in age distribution cannot 
account for the prolonged duration of increased cardiac mor-
tality from the H-A Earthquake. We speculate that the pro-
longed duration that occurred after the H-A Earthquake5 was 
not seen after the GEJ Earthquake because of differences in 
hospital function. For example, disaster response times and 
quicker access to medical treatment may have evolved because 
of the valuable lessons learned during the H-A Earthquake. In 
Japan, the necessity of establishing Disaster Medical Assis-
tance Teams (DMATs) was recognized after the H-A Earth-

deaths from AMI and stroke at 1 year after the earthquake 
amounted to 6,800 (41.1 per 100,000), and 16,425 (99.3 per 
100,000), respectively. Again, the number of AMI and stroke 
deaths was higher than in other years.

In the H-A Earthquake, the monthly death rates for both 
AMI and stroke significantly increased after the earthquake 
(IRR for AMI=2.07 [95% CI, 1.85–2.31], IRR for stroke=1.62 
[95% CI, 1.51–1.74]) compared with the same months in the 
previous 3 years. In addition, similar results were also 
observed during the same months in 1996, although modifica-
tions to ICD-10 must be considered (IRR for AMI=1.57 [95% 
CI, 1.42–1.74], IRR for stroke=1.33 [95% CI, 1.25–1.43]). A 
significant increase in both the AMI and stroke death rates was 
observed during the first 2 months following the H-A Earth-
quake (Table 3). A similar trend was seen in the analysis 
limited to Hyogo prefecture (IRR for AMI=1.88 [95% CI, 
1.59–2.23], IRR for stroke=1.38 [95% CI, 1.24–1.54]).

Figure 4 shows the percentage of municipalities where 
there was a SMR ≥2 for AMI and stroke for 2 weeks, 1 month, 
9 months and 1 year following the GEJ and H-A Earthquakes. 
One month after the GEJ Earthquake, 15.3% of municipalities 
had a SMR ≥2 for AMI deaths, and 13.0% for stroke deaths. 
There were 8.4% of municipalities with SMR ≥2 for AMI 
even 1 year after the GEJ Earthquake. One month following 
the H-A Earthquake, the peak numbers of municipalities 
showed SMR ≥2 for both AMI deaths (29.7%) and stoke 
deaths (25.0%). SMRs for both AMI death and stroke death 
decreased in most municipalities at 1 year after the H-A Earth-
quake.

Figure 5 shows the association between SMR ≥2 for AMI 
and stroke mortality and seismic intensity using the Cochran-
Armitage trend test. The municipalities in the study areas were 
divided into 3 categories by using the JMAI scale, which is a 
seismic indicator. Of the 131 municipalities in the GEJ Earth-
quake area, 29 (22.1%) were classified as <5.0 on the JMAI 
scale; 77 (58.8%) were <6.0 and 25 (19.1%) were >6.1. Of the 
64 municipalities in the H-A Earthquake area, 33 (51.6%) 
were categorized as <5.0 on the JMAI scale; 12 (18.8%) were 
<6.0 and 19 (29.7%) were >6.1. There were marginally sig-
nificant associations between AMI mortality and seismic inten-
sity for 1 month after the GEJ Earthquake (P for trend=0.081). 
The seismic intensity was significantly associated with AMI 
mortality for only 2 weeks following the H-A Earthquake (P 
for trend=0.005). On the other hand, there was no association 
between deaths from stroke and seismic intensity after either 

Table 3. IRR and 95% CI of AMI and Stroke Deaths From 1 Month to 4 Months Following the Great East Japan Earthquake and the 
Great Hanshin-Awaji Earthquake

AMI Stroke

IRR 95% CI P value IRR 95% CI P value

Great East Japan Earthquake (2011)*

  Mar 11–Apr 10 1.34 (1.13–1.58) 0.001 1.42 (1.29–1.57) <0.001　
  Apr 11–May 10 0.96 (0.78–1.14) 0.521 1.14 (1.03–1.27) 0.014

  May 11–Jun 10 0.88 (0.72–1.07) 0.194 1.07 (0.96–1.20) 0.236

  Jun 11–Jul 10 0.95 (0.77–1.18) 0.640 1.03 (0.92–1.16) 0.576

Great Hanshin-Awaji Earthquake (1995)*

  Jan 17–Feb 16 1.57 (1.42–1.73) <0.001　 1.33 (1.25–1.43) <0.001　
  Feb 17–Mar 16 1.13 (1.01–1.26) 0.029 1.13 (1.05–1.21) 0.001

  Mar 17–Apr 16 1.11 (1.00–1.24) 0.053 1.01 (0.94–1.09) 0.716

  Apr 17–May 16 1.03 (0.91–1.17) 0.613 0.99 (0.91–1.07) 0.720

*Compared with AMI and stroke deaths in the same months in the previous 3 years in the Great East Japan Earthquake, and the year following 
the Great Hanshin-Awaji earthquake. AMI, acute myocardial infarction; CI, confidence interval; IRR, incident rate ratio.
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team that can act in the acute phase of a disaster to provide 
medical treatment in a devastated area. As a result, medical 
teams that were part of DMAT conducted fact-finding, onsite 
medical rounds, and evaluated medical needs, but there were 

quake, and in 2005, the Japanese government’s Central Disaster 
Prevention Council revised the Basic Disaster Management 
Plan to include full deployment of DMATs to disaster areas.18 
DMAT is defined as a trained, mobile, self-contained medical 

Figure 3.  Number of deaths from January 11, 1992 to December 10, 1996 from AMI (A) and stroke (B) in Hyogo, Osaka, and 
Kyoto prefectures. Red arrows indicate the occurrence of the Great Hanshin-Awaji (H-A) Earthquake. *P<0.001, **P<0.05: com-
parison with the reference, which was the number of AMI and stroke deaths in the same months in 1996. AMI, acute myocardial 
infarction.
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Figure 4.  Percentage of municipalities with a standardized mortality ratio (SMR) ≥2 for acute myocardial infarction (AMI) and 
stroke for 2 weeks, 1 month, 9 months and 1 year following the Great East Japan (GEJ) Earthquake and the Great Hanshin-Awaji 
(H-A) Earthquake. SMR of (A) AMI and (B) stroke after the GEJ Earthquake, and the SMR of (C) AMI and (D) stroke after the H-A 
Earthquake.

Figure 5.  Association between the standardized mortality ratio (SMR) of acute myocardial infarction (AMI) and stroke mortality 
and seismic intensity for 2 weeks and for 1 month following the Great East Japan (GEJ) Earthquake and the Great Hanshin-Awaji 
(H-A) Earthquake. *The graph shows percentage of municipalities with SMR ≥2 for AMI and stroke. The SMR of AMI for 2 weeks 
(A-1) and 1 month (A-2), the SMR of stroke for 2 weeks (B-1) and 1 month (B-2) after the GEJ Earthquake. The SMR of AMI for 2 
weeks (C-1) and 1 month (C-2), the SMR of stroke for 2 weeks (D-1) and 1 month (D-2) after the H-A Earthquake.



Circulation Journal Vol.79, May 2015

1007Earthquakes and CVD Mortality in Japan

Study Strengths and Limitations
The present study was based on a review of all death certifi-
cates. We reported increased cardiovascular mortality after 
both the 1995 H-A Earthquake and the 2011 GEJ Earthquake. 
However, there are several limitations to this study. First, 
there is a possibility of misclassification of the cause of death, 
because there was no consistent verification by autopsy. Sec-
ond, this analysis was at the municipal level. Therefore, we 
could not include detailed individual data, such as the degree 
of quake damage, experience of loss, or clinical characteris-
tics. Third, the relationship between seismic intensity and 
stroke warrants further investigation, as we could not calculate 
the SMR of each subtype of stroke in each municipality 
because of the small sample size, especially for cerebral hem-
orrhage. Fourth, death certificates were filed at the munici-
palities even if the persons had moved away or if they were 
temporarily evacuated after the disaster. In the case of the 
Fukushima Daiichi Nuclear accident, there were special regu-
lations concerning evacuees. In other words, the certificates 
reflected the number of inhabitants at the time of the GEJ 
Earthquake. Fifth, we selected 2 different regions with differ-
ing levels of earthquake damage for examination. Because 
there are no standards for defining disaster areas, the 3 prefec-
tures most heavily damaged in the GEJ Earthquake were 
selected, as well as the 3 prefectures most heavily damaged in 
the H-A Earthquake. In the H-A Earthquake, more than 90% 
of the casualties were concentrated in Hyogo prefecture. 
Although the results of the analysis limited to Hyogo prefec-
ture did not differ greatly from the results of the 3 prefectures 
combined, caution is needed in interpreting the comparisons. 
Finally, there were major differences between the regions 
where the 2 earthquakes occurred, the years in which they 
occurred, and the damage that resulted. The results of this 
study imply that a variety of unidentified factors that have not 
been quantified (eg, advances in medical technology between 
the 2 earthquakes and access to medical facilities and lifestyle 
changes in the regions) may be related to the increase in CVD 
seen after the earthquakes. Caution is therefore needed in 
interpreting the results. Despite these limitations, our findings 
provide valuable information for future planning. The increase 
in CVD deaths after both earthquakes suggests that counter-
measures should be developed to prevent deaths after major 
earthquakes.

Conclusions
We presented our findings of increased mortality from AMI 
and stroke following the GEJ and H-A Earthquakes. Our 
results indicate that both earthquakes were associated with an 
acute increase in cardiovascular mortality. The effect of disas-
ter was sustained for months after the H-A Earthquake, com-
pared with a limited effect after the GEJ Earthquake. The 
increased AMI mortality was associated with seismic intensity 
in a dose-response manner, but there was no association with 
stroke mortality.
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few severely injured persons in the GEJ Earthquake.19 Also, 
improved survival could be the result of advances that occurred 
between 1995 and 2011 in AMI treatment and in emergency 
transfer systems. In fact, Hao et al reported that according to 
the Miyagi AMI Registry Study, emergency care of AMI 
improved soon after the GEJ Earthquake when compared with 
the previous 3 years; early admission after symptom onset and 
a higher rate of performing primary percutaneous coronary 
intervention were contributing factors.20,21 In addition, the 
smaller increase in AMI mortality for the GEJ Earthquake as 
compared with the H-A Earthquake may have been related to 
the fact that the proportion of individuals with a high risk for 
AMI was greater among those who died as a result of the 
tsunami. However, the denominator used in calculating inci-
dence was the population, and when the victims of the tsunami 
were excluded, there was little effect on incidence.

In the GEJ Earthquake, an increase in stroke mortality as 
compared with the previous 3 years was seen for 2 months 
after the earthquake, while an increase in AMI mortality was 
seen for 1 month. In addition to the acute stress experienced at 
the time of a disaster, the increase in AMI seen after earth-
quakes may be caused by sympathetic activation resulting 
from chronic stress such as subsequent evacuation, after-
shocks, sleep disturbance, and a sense of loss.22 The activated 
sympathetic nervous system will increase blood pressure and 
heart rate, as previously reported.23,24,25 With regard to stroke, 
the possibility has been raised that increases in blood pressure 
were caused by stress after the Noto earthquake.26 For the GEJ 
Earthquake, increases in blood pressure may have been exac-
erbated by the loss of regular medications because of flooding 
or temporary medication shortages. Systolic blood pressure 
reportedly increased by 12 mmHg after the GEJ Earthquake.27 
Although strong aftershocks occurred for 1 month after the 
GEJ Earthquake, only the incidence of stroke appeared to be 
affected; there were no effects on acute coronary syndrome. 
The prolonged effect on stroke mortality may be caused by the 
largest aftershock7 and/or continuous elevation of blood pres-
sure associated with emotional stress.26 However, because the 
mechanisms underlying these processes cannot be determined 
epidemiologically, investigations that use a variety of approaches, 
including experimental approaches, are needed.

There are few previous studies that have examined the 
association between seismic intensity and CVD. With its seis-
mic intensity of 6.3 or more, there was an increased stroke 
incidence for 1 year after the H-A Earthquake.10 In the present 
study, stroke death had no association with seismic intensity 
after the GEJ or H-A Earthquake. These somewhat contradic-
tory results might be caused by differences in occurrence and 
stroke death as an outcome, and differences in the cut-off 
point of seismic intensity. The association might be present if 
seismic intensity is more severe. On the other hand, the rela-
tionship between deaths as the result of AMI and total destruc-
tion of homes was reported for the H-A Earthquake. The 
complete destruction of one’s home because of seismic inten-
sity could be considered a surrogate loss.5 Some other factors 
might have a greater influence than seismic intensity for the 
increase in CVD mortality after a major earthquake. For 
instance, earthquake survivors must seek shelter and/or live 
without daily necessities and medicines. They also experience 
grief related to loss. In addition, the GEJ Earthquake caused 
extensive tsunami damage. These factors might confound the 
present results at the municipal level. Further research is nec-
essary to identify factors affecting CVD-related mortality after 
earthquakes.
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