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Abstract 21 

Rationale 22 

The incidence of cardiovascular events increases after a big earthquake, but the mechanism is 23 

not fully understood. Cardio-ankle vascular index (CAVI) reflects the stiffness of the artery 24 

from the origin of the aorta to ankles and is independente from blood pressure.  25 

Objective 26 

To determine the effect of a major earthquake on CAVI in healthy volunteers and in patients 27 

with cardiovascular risks.  28 

Methods and results 29 

Our hospital was situated about 300 km from the epicenter of the earthquake. In study 1, healthy 30 

volunteers were included. In study 2, patients with cardiovascular factors were included. In 31 

study 1, the mean CAVI was 7.3±1.0 just after the earthquake. After 7-14 days, the mean CAVI 32 

decreased to 6.8±1.1 (compared to 1
st
 time, p < 0.05). Furthermore, the CAVI value 30 days 33 

after the earthquake was 7.0±1.1. The blood pressure did not change during 30 days. In study 2, 34 

the mean CAVI 12 and 6 months before the earthquake were 8.95±0.76 and 8.99±0.83, 35 

respectively. The CAVI was 9.34±1.0 just after the earthquake and decreased to 8.83±0.76 6 36 
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months later (compared to after earthquake, p<0.05). The blood pressure was increased a little at 37 

the time of earthquake, but was not significantly different, compared to that before the 38 

earthquake. 39 

Conclusions 40 

CAVI was increased in healthy people and also in patients with cardiovascular risks just after the  41 

earthquake, even far away from the epicenter. 42 

 43 

Key words 44 

CAVI, earthquake, emotional stress, arterial stiffness, cardiovascular event 45 

 46 
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Introduction 48 

It is known that the frequency of cardiovascular events increases just after a huge earthquake.
1-3

 49 

When the Hanshin-Awaji earthquake occurred in 1995, an epidemiological survey about 50 

cardiovascular events was made by Kario. He reported that earthquake-induced stress increased 51 

blood pressure and blood viscosity determinants in a group of hypertensive elderly subjects after 52 

the Hanshin-Awaji earthquake magnitude 7.2.
 4,5

  53 

 54 

Another study reported a direct association between a measure of β2-adrenergic receptor 55 

functioning and stress-induced hemostatic changes.
6
 Acute mental stress may trigger a 56 

hypercoagulable state evidenced by increasing thrombin activity and by increasing fibrin 57 

turnover.
6 

These mechanisms may be involved in the occurrence of cardiovascular events. 58 

However, the role of vascular stress associated with earthquakes is not clear. 59 

 60 

Arterial stiffness might provide valuable information about arterial wall conditions, which 61 

include arteriosclerosis and contraction of arterial smooth muscles. It is reported that increased 62 

arterial stiffness is an important risk factor for cardiovascular morbidity and mortality.
 7, 8, 9

 63 

 64 

One problem is that there have not been suitable markers reflecting arterial stiffness. Pulse wave 65 

velocity is a traditional marker of arterial wall stiffness, but it depends on blood pressure at 66 

measuring time. In 2006, a new arterial wall stiffness parameter, the cardio-ankle vascular 67 

stiffness index (CAVI), was developed.
 
CAVI is a parameter that reflects the stiffness of the 68 

aorta, femoral artery, and tibial artery as a whole.
 
One conspicuous feature is its independence 69 

from blood pressure at measuring time.
10 

CAVI increases with age and in many arteriosclerotic 70 

diseases, such as coronary artery disease,
11-15

 carotid arteriosclerosis,
12

 chronic kidney disease,
 16

 71 

and cerebral infarction.
17

  72 

 73 

On March 11
th
, 2011, an earthquake of magnitude 9.0 occurred on the Pacific coast of Tohoku, 74 

Honshu Island, Japan, at 14:46 local time (the Great East Japan Earthquake). It was followed by 75 

a series of powerful aftershocks, with 31 earthquakes of magnitude larger than 6 in 3 days. As 76 

shown in Figure 1, our institute (Toho University Sakura Medical Center Hospital) was situated 77 

about 300 km away from the epicenter. The building was strongly shaken and part of a wall 78 

collapsed. An unusual crisis occurred in our town.  79 

 80 

To examine the possibility that arterial stiffness of the people would be increased, we started to 81 

measure vascular stiffness of healthy volunteers and also those of the patients with 82 

cardiovascular risks using CAVI just after the earthquake. As for the patients, the cases whose 83 
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CAVI values were measured twice in the previous year were selected. Blood pressure change 84 

was also examined in both groups. 85 

 86 

Subjects and Methods 87 

We show the design of the study in Figure 2. There were two study groups. The first study 88 

group (Study 1) included 43 healthy volunteers. CAVI was measured 3 times (1
st
 time: day 1 89 

after the earthquake. 2
nd

 time: day between7 to 14. 3
rd
 time: day 30). After measurement of 90 

CAVI, we performed a blood test and questionnaire survey. We investigated the serum adrenalin 91 

and noradrenaline levels. The contents of the questionnaire survey included sleeping time before 92 

examination day, the distance from the epicenter to the hometown, marital status, presence of 93 

children, and a confirmation of the safety of the family. 94 

 95 

The second study group (Study 2) included 32 patients with cardiovascular risk factors from the 96 

outpatient clinics. CAVI was measured 4 times (1
st
 time: 12 months before the earthquake. 2

nd
 97 

time: 6 months before. 3
rd

 time: 1 to 5 days after. 4
th
 time: 6 months later). 98 

 99 

Table 1 shows the characteristics of the subjects. In study 1, subjects consisted of 23 doctors, 17 100 

nurses, and 3 laboratory technicians. In study 2, subjects consisted of 32 patients whose CAVI 101 

was measured regularly in the past. As shown in Table 1, the average age and body mass index 102 

(BMI) in subjects of study 1 were lower than that of study 2. Cases in study 2, were taking 103 

several drugs including antihypertensive agents (calcium channel blocker, 68.8%; angiotensin 2 104 

receptor blockers, 53.1%; angiotensin-converting enzyme inhibitor, 9.4%; alpha blocker, 6.3%; 105 

beta blocker, 15.6%; thiazide, 21.9%). 106 

 107 

The serum adrenaline and noradrenaline levels were performed after measurement of CAVI. A 108 

blood sample was collected from the brachial veins after 10 minutes of bed rest. Serum was 109 

stored at -80°C. Adrenaline and noradrenaline were determined by Mitsubishi Chemical 110 

Medicine, Tokyo, Japan. 111 

 112 

Measurement of cardio–ankle vascular index 113 

CAVI was measured using a VaSera1500 (Fukuda Denshi Co. Ltd., Tokyo, Japan).  The 114 

methods were described previously.
10

 Briefly, cuffs were applied to bilateral upper arms and 115 

ankle, with the subject supine and the head held in the midline position. Examinations were 116 

performed after resting for 10 min. To detect brachial and ankle pulse waves with cuffs, a low 117 

cuff pressure of 30–50 mmHg was used to ensure the minimal effect of cuff pressure on 118 

hemodynamics. Blood pressure was measured thereafter.  119 
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CAVI is determined by the following equation: 120 

CAVI = a{ (2p/P)  ln(Ps/Pd)PWV
2
} + b, 121 

 122 

Where Ps and Pd are systolic and diastolic blood pressure, PWV is pulse wave velocity from the 123 

origin of aorta to the junction of the tibial artery with the femoral artery, P is Ps-Pd, p is blood 124 

density, and a and b are constants. The equation is derived from Bramwell-Hill’s equation and 125 

the stiffness parameters β, and CAVI was adjusted for blood pressure based on the stiffness 126 

parameters β. 127 

 128 

The VaSera was equipped with both measurement and calculation systems, and automatically 129 

calculated CAVI. We used right CAVI for analysis at this time. The average coefficient of 130 

variation of CAVI is 3.8%, which is sufficiently low for clinical usage and indicates that CAVI 131 

has good reproducibility.
10

 132 

 133 

Statistical analysis 134 

Continuous variables are expressed as mean ± SD. Categorical variables are expressed as a 135 

proportion or percentage. Statistical analysis was performed using an SPSS software package 136 

(PASW Statistics 18, Chicago, IL, USA). One-way ANOVA was performed to determine 137 

whether the differences among groups were statically significant and the Tukey test was used 138 

for post hoc comparisons. We examined the association between nominal scale and ⊿CAVI by 139 

using the correlation ratio. Pearson's correlation was performed to determine with metric scale 140 

and ⊿CAVI. Statistical significance was established at a level of p <0.05.  141 

 142 

Results 143 

In study 1, as shown in Figure 3, the mean CAVI was 7.3±1.0 at the 1
st
 measurement. The mean 144 

CAVI was 6.8±1.1 at the 2
nd

 time, and 3
rd

 time data was 7.0±1.1. We had a significantly 145 

differences between 1
st
 measurement and 2

nd
 measurement (p < 0.05). From these results, it is 146 

suggested that CAVI might be increased just after a huge earthquake, even though the previous 147 

values were not measured.  148 

 149 

The mean systolic blood pressure was 122.7±18.5 mmHg at the 1
st
 measurement. The 2

nd
 time it 150 

was 123.8±18.3 mmHg, and the 3
rd

 time it was 123.2±18.3 mmHg. The mean diastolic blood 151 

pressure was 75.7±15.8 mmHg at the 1
st
 measurement. The 2

nd
 time it was 78.4±15 mmHg. And 152 

at the 3
rd

 time it was 76.2±16.3 mmHg. Essentially, there were no changes significantly in the 153 

blood pressure between 3 measurements. 154 

The mean heart rate was 70.1±10.5 b.p.m. at the 1
st
 measurement. The 2

nd
 time was 68.3±9.8 155 
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b.p.m., and the 3
rd

 time was 74.1±13. 6 b.p.m.. There were no changes significantly in the heart 156 

rate between 3 measurements. 157 

 158 

In study 1, we investigated the serum adrenaline and noradrenaline levels after the earthquake. 159 

Blood test was done following measurement of CAVI. The serum adrenaline level was 18.8 ± 160 

8.6 pg/ml at the 1
st
 measurement. The 2

nd
 time it was 12.9 ± 5.9 pg/ml. And at the 3

rd
 time it was 161 

15. 9 ± 10.0 pg/ml. There was not a significant change in the serum adrenaline level between 162 

them. The serum noradrenaline level was 292.9 ± 119.5 pg/ml at the 1
st
 measurement. The 2

nd
 163 

time it was 278.8 ± 185.5 pg/ml. And at the 3
rd

 time it was 301.8 ± 129.7 pg/ml. There was not a 164 

significant change in the serum noradrenaline level too. 165 

 166 

In addition, we investigated the correlation between ⊿CAVI and the various clinical factors as 167 

shown in Table 2. We defined the value that subtracted the 2
nd

 measurement of CAVI from the 168 

1
st
 measurement as ⊿ CAVI. A relationship of ⊿CAVI with blood pressure was not observed. 169 

We examined the association between CAVI and the nominal scale such as the marital status, 170 

with or without children and confirmation of the safety of family by using the correlation ratio. 171 

The persons who were not able to do confirmation of the safety of family had a significant 172 

change of ⊿ CAVI (P<0.015). The others did not show a significant change. 173 

 174 

In study 2, as shown in Figure 4, the mean CAVI was 8.95±0.76 at the 1
st
 measurement (12 175 

months before the earthquake). The mean CAVI was 8.99±0.83 the 2
nd

 time (6 months before 176 

the earthquake). The mean CAVI was 9.34±1.0 at the 3
rd
 time, just after the earthquake. The 177 

mean CAVI was 8.83±0.76 at the 4
th
 time (6 months after the earthquake) There were 178 

significantly difference between 3
rd

 time and 4
th
 time (p<0.05). CAVI was increased just after 179 

the earthquake. The mean systolic blood pressure was 133.4±20.2 mmHg at the 1
st
 measurement. 180 

The 2
nd

 time was 135.2±22.1 mmHg, the 3
rd

 time was 139.5±22.2 mmHg, and the 4
th
 time was 181 

133±19.8 mmHg. Significant changes were not observed. 182 

 183 

The mean diastolic blood pressure was 78.8±11.5 mmHg at the 1
st
 measurement. The 2

nd
 time 184 

was 80.5±12.6 mmHg, the 3
rd

 time was 83.2±11.4 mmHg, and the 4
th
 time was 79.5±9.0 mmHg. 185 

Significant changes were not observed too. 186 

 187 

The mean heart rate was 60.7±13.2 b.p.m. at the 1
st
 measurement. The 2

nd
 time was 66.6±13.2 188 

b.p.m., the 3
rd

 time was 71.8±14.7 b.p.m., and the 4
th

 time was 67.6±12.0 b.p.m.. Significant 189 

changes were not observed. 190 

In addition, we investigated the correlation between ⊿CAVI and the clinical parameters as 191 
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shown in Table 3. We defined the value that subtracted the 3
rd
 measurement of CAVI from the 192 

2
nd

 measurement as ⊿ CAVI in this time. We were not able to find any parameters that had a 193 

significant correlation with ⊿CAVI. And we could not show a significant differences between 194 

⊿CAVI and the various medication. 195 

In 23 patients with the arteriosclerosis risk factors, blood tests were made 4 times. The changes 196 

of total cholesterol levels were as follows, 199±38,200±38,200±26 and 192±30 respectively. 197 

Triglyceride levels were 131±48,155±74,150±68 and 140±54 respectively. HDL cholesterol 198 

levels were as follows,53±14,53±13,54±13 and 53±13 respectively. LDL cholesterol levels 199 

were as follows,112±35,112±38,116±35 and 114±23 respectively. Glucose levels were as 200 

follows, 121±37,137±56,142±55 and 128±48 respectively. HbA1c (JDS) levels were as 201 

follows,6.0±0.5,6.2±1.1,6.3±1.3 and6.3±1.2 respectively. We were not able to find a significant 202 

change in these factors. 203 

 204 

Discussion 205 

The 2011 earthquake on the Pacific coast of Tohoku (the Great East Japan Earthquake) provided 206 

an unusual opportunity to investigate the relationship between emotional stress and arterial 207 

stiffness. In both healthy people (Study 1) and the patients with cardiovascular risks (Study 2), 208 

CAVI was supposed to be increased just after the earthquake compared with those values before 209 

and after a few months. These results suggest that the earthquake increased the stiffness of the 210 

artery monitored with CAVI. The factors responsible for this were analyzed in healthy people as 211 

shown in Table 1. There were no significant contributing factors for raising CAVI including 212 

blood pressure, distance of the diameter from the home town, and sleeping time, except the 213 

confirmation of the safety of the relatives. So, unexpectedly, emotional stress seemed to have an 214 

important role in stress to the artery.    215 

 216 

Systolic and diastolic blood pressure did not change in healthy people and in patients with 217 

cardiovascular risk factors. These results suggest that CAVI might be a more sensitive marker 218 

for stress from earthquakes on the human body than blood pressure.  219 

 220 

The meaning of increased CAVI just after an earthquake, was unclear until now. But, it is 221 

reported that cardiovascular events increased after a big disaster.
 1-4

 We investigated the 222 

incidence of death rates in our town. As shown in Figure 5, the number of deaths in our town in 223 

the following month (April, 2011) increased compared with those in April during several 224 

previous years. And the number of patients, who were hospitalized into our hospital with acute 225 

coronary syndrome, takotsubo cardiomyopathy, and cerebral bleeding just after the earthquake, 226 

increased by about 40~50%, compared with those during March and April in 2010 and in 2009 227 
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(data not shown). Although the precise incidence of cardiovascular disease in the whole town 228 

was not reported, the possibility that enhanced CAVI might be related to the high occurrence of 229 

cardiovascular diseases, could not be denied.   230 

 231 

Acute enhanced arterial stiffness itself might contribute to the rupture of a vulnerable 232 

atherosclerotic plaque, and subsequent coronary artery thrombosis.
18-22 The precise mechanism 233 

must be investigated in the future.  234 

 235 

As for the mechanism by which CAVI was increased, many factors might be involved. It is 236 

reported that CAVI decreased, when alpha-adrenoceptor blocker, doxazosin was administered, 237 

indicating that CAVI was composed of organic stiffness and smooth muscle cell contraction, 238 

and that the latter is controlled by cathecholamine.
 23

 We investigated the serum cathecholamine 239 

levels in healthy volunteers. We could not show the significant difference about them. 240 

It is difficult to explain that CAVI increase caused by the earthquake is a result of the change in 241 

serum adrenaline level alone. Besides the sympathetic nerve system, angiotensin II, serotonin, 242 

endothelin, nitrogen oxide (NO) and cortisol which is a major stress hormone
 24

 are known to be 243 

involved in vascular stiffness. 244 

The World Cup soccer 2006 has been shown to provoke levels of stress sufficient to increase 245 

the incidence of Acute coronary syndrome (ACS). German group reported that stress-induced 246 

ACS was associated with a profound increase of inflammatory and vasoconstrictive mediators.  247 

Receiver-operating characteristic analysis displayed high performance of both MCP-1 and ET-1 248 

as a measure to discriminate between stress-induced ACS and ACS controls.
 25

 249 

Higher cortisol, a major stress hormone, and stress-induced activation of the 250 

hypothalamic-pituitary-adrenal (HPA) axis may also be significant. There are some reports 251 

about earthquake and higher cortisol level. 
26,27

 252 

Further study is required in cases of natural disaster. 253 

 254 

As for blood pressure, remarkable increases in systolic and diastolic blood pressure were not 255 

observed in healthy people and also in patients with cardiovascular risk factors. Kario reported 256 

that blood pressure was increased in the Hanshin-Awaji big earthquake. And, it has been 257 

reported that the alpha-1 selective receptor blocker, doxazosin, decreased blood pressure 258 

efficiently.
28 

The reason why CAVI was not increased by the Great East Japan Earthquake in the 259 

people of our town might be due to the difference of the distances from the epicenter of the 260 

earthquake. Our study was performed at 300 km from the epicenter of the earthquake. But, from 261 

another point of view, it might be also mentioned that arterial stiffness monitored by CAVI 262 

could be changed much more sensitively than the changes in the blood pressure. 263 
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 264 

Study limitations 265 

1. There are no data for CAVI in the healthy volunteers before the earthquake.  266 

2. The precise number of cardiovascular events in the area were not clear. Only the number of 267 

the patients in our hospital was investigated. 268 

3. The death rate in Sakura city in April, 2011 was increased compared with those of previous 269 

years, but the cause of those deaths was not clarified. 270 

 271 

Conclusions 272 

The Great East Japan Earthquake increased CAVI-monitored arterial stiffness in both healthy 273 

people and patients with cardiovascular risk factors, whereas blood pressures did not change 274 

significantly. The acute increase in arterial stiffness might be an important risk factor for 275 

cardiovascular morbidity and mortality after a big disaster.
8 
This finding could play a key role in 276 

solving the cause of cardiovascular events after a disaster. The mechanism for it needs further 277 

studies. 278 

 279 

Acknowledgments 280 

We thank the staff of the Toho University Sakura medical center for cooperating with our study 281 

under the confusing situation after the Great East Japan Earthquake.  282 

 283 

Funding 284 

None 285 

There was no sponsorship or other support for this study.  286 

 287 

Disclosures 288 

All authors declare that they have no conflicts of interest. 289 

 290 

Author`s contribution 291 

K. Shimizu as a first author made the literature search with Pub Med, and discussed research 292 

design with M. Takahashi and K. Shirai.  293 

K. Shimizu wrote figures, study design, data collection, data analysis, data interpretation and 294 

writing. 295 

M. Takahashi contributed to the design and implementation of the study; collection and 296 

assembly of data.  297 

K. Shirai contributed to the design and implementation of the study; collection and assembly of 298 

data; interpretation of results; and drafting of the report.  299 



10 

 

The institutional review board of Toho University Sakura Medical Center approved the study, 300 

and we began research after obtaining informed consent from all participants in accordance with 301 

the Declaration of Helsinki.  302 

We had no statistical consultation or assistance. 303 

All authors have reviewed the article and agree with its contents. 304 

 305 

306 



11 

 

References 307 

1. Trichopoulos D, Zavitsanos X, Katsouyanni K, Tzonou A, Dalla-Vorgia P. 308 

Psychological stress and fatal heart attack: the Athens (1981) earthquake natural 309 

experiment.Lancet. 1983;321:441–444. 310 

2. Dobson AJ, Alexander HM, Malcolm JA, Steele PL, Miles TA. Heart attacks and the 311 

Newcastle earthquake. Med J Aust. 1991;155:757-761. 312 

3. Leor J, Poole WK, Kloner RA. Sudden cardiac death triggered by an earthquake. N 313 

Engl J Med. 1996;334:413-419. 314 

4. Kario K, McEwen BS, Pickering TG. Disasters and the heart: a review of the effects of 315 

earthquake-induced stress on cardiovascular disease. Hypertens Res. 2003;26:355-367. 316 

5. Kario K, Matsuo T, Kobayashi H, Yamamoto K, Shimada K. Earthquake-induced 317 

potentiation of acute risk factors in hypertensive elderly patients: Possible triggering of 318 

cardiovascular events after a major earthquake. J Am Coll Cardiol. 1997;29:926-933. 319 

6. von Ka¨nel R, Mills PJ, Ziegler MG, Dimsdale JE. Effect of β2-adrenergic receptor 320 

functioning and increased norepinephrine on the hypercoagulable state with mental stress. Am 321 

Heart J. 2002;144:68-72. 322 

7. Asmar R, Rudnichi A, Blacher J, London GM, Safar ME. Pulse pressure and aortic 323 

pulse wave are markers of cardiovascular risk in hypertensive populations. Am J Hypertens. 324 

2001;14:91-97. 325 

8. Laurent S, Boutouyrie P, Asmer R, Gautier I, Laloux B, Guize L, Ducimetiere P, 326 

Benetos A. Aortic stiffness is an independent predictor of all-cause and cardiovascular mortality 327 

in hypertensive patients. Hypertension. 2001;37:1236-1241. 328 

9. Blacher J, Asmer R, Djane S, London GM, Safar ME. Aortic pulse wave velocity as a 329 

marker of cardiovascular risk in hypertensive patients. Hypertension. 1999;33:1111-1117. 330 

10. Shirai K, Utino J, Otsuka K, Takata M. A novel blood pressure-independent arterial 331 

wall stiffness parameter; cardio-ankle vascular index (CAVI). J Atheroscler Thromb. 332 

2006;13:101-107. 333 

11. Nakamura K, Tomaru T, Yamamura S, Miyashita Y, Shirai K, Noike H. Cardio-ankle 334 

vascular index is a candidate predictor of coronary atherosclerosis. Circ J. 2008;72:598-604. 335 

12. Izuhara M, Shioji K, Kadota S, Baba O, Takeuchi Y, Ueqaito T, Mutsuo S, Matsuda 336 

M. Relationship of cardioankle vascular index (CAVI) to carotid and coronary arteriosclerosis. 337 

Circ J. 2008;72:1762-1767. 338 

13. Miyoshi T, Doi M, Hirohata S, Sakane K, Kamikawa T, Kaji Y, Kusano KF, 339 

Ninomiya Y, Kusachi S. Cardio-ankle vascular index is independently associated with the 340 

severity of coronary atherosclerosis and left ventricular function in patients with ischemic heart 341 

disease. J Atheroscler Thromb. 2010;17:249-258. 342 



12 

 

14. Horinaka S, Yabe A, Yagi H, Ishimura K, Hara H, Lemura T, Matsuoka H. 343 

Comparison of atherosclerotic indicators between cardio ankle vascular index and brachial 344 

ankle pulse wave velocity. Angiology 2009;60:468-476. 345 

15. Sairaku A, Eno S, Hondo T, Teragawa H, Nakano Y, Mastuda K, Kisaka T, Kihara Y. 346 

Head-to-head comparison of the cardio-ankle vascular index between patients with acute 347 

coronary syndrome and stable angina pectoris. Hypertens Res. 2010;33:1162-1166. 348 

16. Nakamura K, Iizuka T, Takahashi M, Shimizu K, Mikamo H, Nakagami T, Suzuki M, 349 

Hirano K, Sugiyama Y, Tomaru T, Miyashita Y, Shirai K, Noike H. Association between 350 

cardio-ankle vascular index and serum cystatin C levels in patients with cardiovascular risk 351 

factor. J Atheroscler Thromb. 2009;16:371-379. 352 

17. Yamamoto N, Yamanaka G, Ishikawa M, Takasugi E, Murakami S, Yamanaka T, 353 

Ishine M, Matsubayashi K, Hanafusa T, Otsuka K. Cardio-ankle vascular index as a predictor of 354 

cognitive impairment in community-dwelling elderly people: four-year follow-up. Dement 355 

Geriatr Cogn Disord. 2009;28:153-158. 356 

18. Muller JE, Tofler GH. Triggering and hourly variation of onset of arterial 357 

thrombosis. Ann Epidemiol. 1992;2:393-405. 358 

19. Muller JE, Abela GS, Nesto RW, Tofler GH. Triggers, acute risk factors and 359 

vulnerable plaques: the lexicon of a new frontier. J Am Coll Cardiol. 1994;23:809-813. 360 

20. Willich SN, Maclure M, Mittleman M, Arntz HR, Muller JE. Sudden cardiac death. 361 

Support for a role of triggering in causation. Circulation. 1993;87:1442-1450. 362 

21. Tofler GH, Brezinski DA, Schafer AI, Czeisler CA, Rutheford JD, Willich SN, 363 

Gleason RE, Williams GH, Muller JE. Concurrent morning increase in 364 

platelet aggregability and the risk of myocardial infarction and sudden cardiac death. N Engl J 365 

Med. 1987;316:1514-1518. 366 

22.  Yeung AC, Vekshtein VI, Krantz DS, Vita JA, Ryan TJ Jr, Ganz P, Selwyn AP. The 367 

effect of atherosclerosis on the vasomotor response of coronary arteries to mental stress. N Engl 368 

J Med. 1991;325:1551-1556. 369 

23. Shirai K, Song M, Suzuki J, Kurosu T, Oyama T, Nagayama D, Miyashita Y, 370 

Yamamura S, Takahashi M. Contradictory effects of β1-and α1-dderenergic receptor blockers on 371 

cardio-ankle vascular stiffness index (CAVI)–CAVI is independent of blood pressure. J 372 

Atheroscler Thromb. 2011;18:49-55. 373 

24. Akihiro Himeno, Noriko Satoh-Asahara, Takeshi Usui, Hiromichi Wada, Mayu Tochiya, 374 

Shigeo Kono, Nobuko Yamada-Goto, Goro Katsuura, Koji Hasegawa, Kazuwa Nakao, Akira 375 

Shimatsu. Salivary cortisol levels are associated with outcomes of weight reduction therapy in 376 

obese Japanese patients. Metabolism. 2012;61:255-6. 377 

25. Ute Wilbert-Lampen, Thomas Nickel, David Leistner, Denise Güthlin, MS,Tomas Matis, 378 



13 

 

Christoph Völker, Sebastian Sper, Helmut Küchenhoff, Stefan Kääb, Gerhard Steinbeck. 379 

Modified Serum Profiles of Inflammatory and Vasoconstrictive Factors in Patients With 380 

Emotinonal Stress-Induced Acute Coronary Syndrome During World Cup Soccer 2006. J Am 381 

Coll Cardiol. 2010;55:637–42.  382 

26. Armen K. Goenjian, Rachel Yehuda, Robert S. Pynoos, Alan M. Steinberg, Madeline 383 

Tashjian, R.N., Ren Kwei Yang, Louis M. Najarian, Lynn A. Fairbanks. Basal Cortisol, 384 

Dexamethasone Suppression of Cortisol, and MHPG in Adolescents After the 1988 Earthquake 385 

in Armenia.  Am J Psychiatry. 1996;153:929-34. 386 

27. SANAE FUKUDA, KANEHISA MORIMOTO, KANAE MURE, SOICHIRO 387 

MARUYAMA. Effect of the Hanshin-Awaji earthquake on posttraumatic stress, lifestyle  388 

changes, and cortisol levels of victims. Arch Environ Health. 2000;55:121-5. 389 

28. Kario K, Matsuo T,  Shimada K,  Pickering TG. Factors associated with the occurrence 390 

and magnitude of earthquake-induced increases in blood pressure. Am J Med. 391 

2001;111:379-384. 392 

 393 

 394 



14 

 

Table 1. Characteristics of the subjects 

Variable Study 1 

Healthy volunteers 

 Study 2 

Patients 

 

Total number  43  32  

Male/Female 26 / 17  22/10  

Age (years) 33.4±10.5 (30.1–36.6) 64.5±7.4 (61.8-67.2) 

Height (cm) 168.0±8.6 (165.4-170.7) 163.5±8.0 (160.7-166.4) 

Body weight (kg) 66.3±12.9 (62.3-70.2) 66.8±9.5 (63.4-70.2) 

BMI (kg/m
2
) 23.4±3.7 (22.3-24.5) 25.0±3.1 (23.8-26.1) 

SBP (mmHg) 123.5±15.3 (118.0-129.0) 133.2±19.8 (126.1-140.4) 

DBP (mmHg) 75.4±11.9 (71.1-79.7) 79.5±9.0 (76.3-82.8) 

HR (beats min
-1

) 75.1±12.0 (70.8-79.4) 67.6±12.0 (63.3-71.9) 

     

Risk factors     

Stroke 0(0)  3(9.4)  

CAD 0(0)  7(21.9)  

Dyslipidemia 0(0)  27(84.4)  

DM 0(0)  14(43.8)  

Current smoker 7(16.3)  10(31.3)  

     

Previous medication     

Antihypertensive agents 0(0)  27(84.4)  

CCBs 0(0)  22(68.8)  
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ARBs 0(0)  17(53.1)  

ACE inhibitors 0(0)  3(9.4)  

α-Blockers 0(0)  2(6.3)  

β-Blockers 0(0)  5(15.6)  

Diuretics 0(0)  7(21.9)  

Antiplatelet agents 0(0)  14(43.8)  

Statins 0(0)  15(46.9)  

Antidiabetic agents 0(0)  9(28.1)  

 

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; CAD, coronary 

artery disease; DM, diabetes millets; CCB, calcium channel blockers; ARB, angiotensin receptor blocker; ACE, 

angiotensin-converting enzyme 

Data are shown as number of patients (%) or mean ± S.D. (95% C.I.) 
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Table 2. Correlation between ⊿CAVI and each clinical parameter in Study 1. 

 

  

Variable r p 

Age -0.127 0.416 

Height -0.079 0.613 

Body weight  0.024 0.877 

BMI 0.087 0.578 

⊿SBP -0.180 0.248 

⊿DBP -0.046 0.768 

⊿HR -0.139 0.373 

Sleeping time before examination day 0.115 0.513 

Distance from the hometown 0.073 0.643 

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate  

We defined the value that subtracted the 2
nd

 measurement from the 1
st
 measurement as ⊿CAVI, ⊿SBP, ⊿DBP, and ⊿HR.                                           
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Table 3. Correlation between ⊿CAVI and each clinical parameter in Study 2. 

 

Variable r p 

Age -0.108 0.557 

Height 0.171 0.350 

Body weight  0.327 0.068 

BMI 0.235 0.196 

⊿SBP 0.035 0.851 

⊿DBP 0.078 0.671 

⊿HR 0.099 0.590 

 

Abbreviations: BMI. body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate. 

We defined the value that subtracted the 2
nd

 measurement from the 3
st
 measurement as ⊿CAVI, ⊿SBP, ⊿DBP and ⊿HR. 
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Figure legends 

 

Figure 1: Geographical relationship between the epicenter and the study center. Our study center is located 300 km away from the epicenter. 

 

Figure 2: Study design. CAVI, cardio-ankle vascular stiffness index. 

 

Figure 3: Changes in cardio-ankle vascular stiffness index (CAVI), blood pressure, and heart rate in healthy volunteers.  

        *p: Tukey-Kramer methods post-one-way repeated measures ANOVA. 

 

Figure 4: Changes in cardio-ankle vascular stiffness index (CAVI), blood pressure, and heart rate in patients with cardiovascular risk factors. 

        *p: Tukey-Kramer methods post-one-way repeated measures ANOVA. 

 

Figure 5: Changes in the fatalities of Sakura city 
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