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Abstract 

Cardiovascular disease prevention screening was conducted among 1389 Japanese 
Americans in Seattle, Washington, U.S.A. from 1989 to 1994. The association between 
atherosclerotic risk factors and the aortic pulse wave velocity (PWV), an indicator of 
atherosclerosis, was examined by using multiple logistic regression method. Based on a study 
in 1996 by Suzuki et al. on the association between PWV and atherosclerotic indicators, 
abnormally high PWV was defined as 8.0 m/sec. and over for those less than 60 years of age 
and 9.0 m/sec. and over for those 60 years of age and older. Significant odds ratios to 
estimate the risk for the presence of abnormally high PWV were found in age >or= 60 years 
(4.31, p < 0.001), hypertension (2.00, p < 0.001), diabetes (5.65, p < 0.001), current drinker 
(0.44, p < 0.001), ex-drinker (0.49, p < 0.05), and ex-smoker (1.82, p < 0.01) among men. 
Women showed a similar association: age > or = 60 years (3.03, p < 0.001), hypertension 
(1.94, p < 0.01), diabetes (2.47, p < 0.05), TC/HDL-C >or= 4.5 (1.98, p < 0.001), current 
drinker (0.47, p < 0.001), and ex-drinker (0.45, p < 0.05). Our findings are almost identical to 
those from other studies showing the association between coronary heart disease and its risk 
factors. The question of whether PWV can be a predictor of atherosclerotic diseases, 
particularly coronary heart disease, remains to be answered by additional studies. However, 
PWV may serve as a simple and valuable indicator to estimate the extent and severity of 
asymptomatic atherosclerosis in the large artery. 

I. Introduction 

   Some researchers have pointed out for a long time that pulse wave velocity (PWV) is 
closely related to modulus of elasticity of arterial wall1,2). Hasegawa and Otsuka established 
the experimental and theoretical rationale for aortic pulse wave velocity as a non-invasive and 
quantitative index reflecting atherosclerosis3,4). Morishita followed up the examinees of PWV 
measurement for one year and reported that the average PWV measurement of those who 
developed cerebrovascular and/or cardiovascular diseases (angina, AMI, cerebral infarction, 
cerebral hemorrhage, subarachnoid hemorrhage and transient ischemic attacks (TIA)) was 
significantly higher than that of those who did not5). Others reported that an average PWV 
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measurement is significantly higher in patients under treatment of hypertension, diabetes and 
hypercholesterolemia (60 years old and over) than in healthy normal controls6~8). If PWV 
serves as an index of atherosclerosis, it can be hypothesized that PWV is also significantly 
related to risk factors of atherosclerosis. In this study, we tested this hypothesis by applying it 
to health screening data of Japanese Americans in Seattle, U.S.A. 

II. Methods 

   Participants were recruited by way of informal channels such as advertisements in local 
community newspapers, billboards in shopping centers and direct mails utilizing directories of 
the Japanese community compiled by NDPC (Nikkei Disease Prevention Center) soliciting 
participation in health examinations, because the U.S. has no official resident registry records 
like Japan. The study subjects thus recruited were 1,389 Japanese Americans aged 20 years 
old and older who voluntarily participated in preventive cardiovascular disease screening 
conducted by NDPC in Seattle, Washington, U.S.A. (Prior to 1992, subjects were voluntary 
participants (about 10%), but after 1993 subjects were randomly selected, about 90% of entire 
samples).  Breakdowns of generation were, 12% for the first generation, 49% for the second 
generation, 37% for the third generation and 2% for the fourth and above.  

   Health examinations included PWV, electrocardiogram (EKG), observation of small artery 
changes in retina, serum lipid and lipoproteins, height, weight, pulmonary function tests and 
urinalysis. Participants were asked to fill out the self-administered questionnaire including 
occupation, past medical history, lifestyle and nutrition. 

   PWVs were measured by medical technicians (who were trained in Japan) using a PWV-
200 device (Fukuda Denshi Co., Tokyo, Japan). As illustrated in Figure 1, the time difference 
between the upstarts of carotid and femoral pulse wave propagation(t) and the time difference 
between the upstart of the first component of the heart sound II and the notch on propagation 
of carotid pulse wave (tc) are measured. If the distance between the aortic valve and the 
pulsation point on femoral artery is denoted as D, then PWV is calculated as [D x 1.3/(t+tc)]p. 
Here, D x 1.3 reflects a correction factor considering anatomical structure. PWV values are 
adjusted at 80 mmHg of diastolic blood pressure (DBP) which is denoted as p because PWV 
values are highly correlated to DBP.  

   Lipids and lipoproteins were measured by the Northwest Lipid Research Laboratories of the 
University of Washington whose quality control is under strict surveillance by CDC. Total 
cholesterol was measured by the enzymic Abbot spectrum method, and high density 
lipoprotein cholesterol (HDL) was measured by the dextran sulfate-magnesium precipitation 
method. 

   Suzuki, et al. studied the relationship between PWV values and age-specific prevalence of 
atherosclerotic diseases based on the data involving more than 220,000 subjects9).   
According to his findings, prevalence of abnormal systolic blood pressure (SBP), arteriolar 
sclerotic changes of retinal artery and ischemic changes of EKG among those younger than 60 
years old with PWV >8 m/sec and among those 60 years of age and over with >9 m/sec 
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became significantly elevated than that among all persons of the corresponding age groups 
with <8 m/sec for and <9 m/sec, respectively. Accordingly, the PWV value was used as a 
dependent variable and an abnormal PWV value was defined as the one >8 m/sec for those 
younger than 60 years of age and as the one >9 m/sec for those 60 years of age and older: 
coded “1” for abnormality and “0” for no abnormality. The following explanatory variables were 
also dichotomized as follows: 

age (>60:1, <60:0) 

sex (male:1, female:0) 

hypertension (present:1, not present:0):  Hypertension is defined as either SBP>160 mmHg or 
DBP>95 mmHg plus anybody who is taking antihypertensive drugs. 

diabetes (present:1, not present:0): History of diabetes is based on responses in self-
administered questionnaires.  

total cholesterol/HDL cholesterol (>4.5:1, <4.5:0):  Because an average ratio in American men 
is 4.5, we assumed that the ratio above this signifies an elevated risk of coronary heart 
disease10). 

Body Mass Index (BMI) (>27:1, <27:0): BMI=body weight (kg)/height(m)2 and above 27 is 
defined as obesity. 

   Drinking habit was classified into three categories: non-drinkers, current drinkers, ex-
drinkers, and an odds ratio was calculated with non-drinkers as controls. Likewise, smoking 
habit was classified into three categories and an odds ratio was calculated with non-smokers 
as controls. 

    The relationship between PWV and atherosclerotic risk factors was examined using 
multiple logistic regression analysis11). We did not adopt linear multiple regression analysis 
because the relationship between PWV values and atherosclerotic risk factors (e.g., 
hypertension and diabetes) is not linear and hence inappropriate for linear multiple regression 
analysis. Multiple logistic regression analysis is preferable for quantitatively estimating the 
magnitudes of individual risk factors regarding the abnormal PWV findings. All statistical 
analysis was conducted by using IBM/AT, SPSSPC+V3.012). 

III Results 

   Table 1 shows characteristics of screening participants of Japanese Americans in Seattle.    
Their average age was 56 years old for both men and women. Average PWV values were 8.0 
m/sec for men and 8.1 m/sec for women. Averages of BMI were 25.6 for men and 23.9 for 
women, indicating that men were slightly heavier than women. Average SBP was higher in 
men (133 mmHg) than in women (128 mmHg). Although average total cholesterol levels were 
almost the same for women and for men (226 vs 224 mg/dl), the average HDL cholesterol 
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level for women was higher by 12 mg/dl than for men, making the average of TC:HDL ratios 
4.7 for men and 3.8 for women. The TC:HDL ratio for men was greater than 4.5, a threshold 
above which a risk of myocardial infarction becomes significantly elevated. The sex difference 
in drinking was large: while men consume 6.0 g of pure alcohol per day, women consume only 
1.4 g. Proportion of current drinkers was 65% in men and 46% in women. Proportion of current 
smokers was 15% in men and 9% in women. 

   Table 2 indicates distribution patterns of PWV values by age. The distribution of PWV 
values becomes skewed toward higher age brackets with a wider variation particularly after 50 
years old, indicating the increasing individual difference in PWV values as age advances. 

   Table 3 presents odds ratios (ORs)of abnormal PWV values calculated for each 
explanatory variable by multiple logistic regression analysis for both sexes combined. An odds 
ratio (OR) of each variable is adjusted for effects of other variables. ORs for all explanatory 
variables except BMI and current smokers were significant. The OR of abnormal PWV values 
for those over 60 years of age was three times that for those younger than 60. The OR for men 
was 35% less than that for women. OR for hypertension was 2 times that for non-hypertension 
and OR for diabetics became 3.7 times that for non-diabetics. The OR for those with high 
(>=4.5) TC/HDL ratios was 1.6 times that for those with low TC/HDL ratios.  However, current 
drinkers had a 50% smaller OR than non-drinkers, and also the OR for former drinkers was 
almost 50% smaller than that for non-drinkers. On the other hand, the OR for former smokers 
was elevated by 1.6 times that for nonsmokers. 

   Table 4 displays ORs for men. The results are similar to the results for both sexes 
combined in Table 3 except that the risk of elevated TC/HDL was reduced from 1.61 to 1.32 
making it insignificant. Table 5 displays ORs for women. It differs from those for men in that the 
OR for elevated TC/HDL ratios became 1.98 making it significant at p<0.001. The reduced risk 
observed in current and ex-drinkers was held good for women too, with ORs being 0.47 for 
current drinkers (p<0.001) and 0.45 for ex-drinkers (p<0.05). However, the slightly elevated 
ORs observed in current and ex-smokers of women failed to reach statistical significance. 

IV. Discussion 

   Since Japanese Americans are an ethnic minority and there is no resident registry as seen 
in Japan, it was impossible to conduct a random sampling (based on the census). Study 
subjects were partially voluntary participants (about 10%) and mostly random-sampled 
participants in health examinations casting doubt on whether the sample actually represents 
the Japanese American population residing in and around the Seattle area (King County).In 
the United States the National Census has been conducted every ten years and its results are 
published 2-3 years later, which include a distribution of annual household income levels of 
Japanese Americans in King county. To verify the representativeness of the study sample, we 
conducted a survey using household income as a proxy variable. We mailed out anonymous 
questionnaires asking their annual household income in 1994 to be compared with the income 
reported in the census. A total of 1,117 households (80% of study participants) responded. 
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Figure 2 compares the distribution of annual household income levels of the study participants 
with those of the Japanese American population in King county13). Although the distribution of 
the study participants is slightly skewed to higher income brackets, both distribution patterns 
resemble each other. Considering 5.4% of an annual growth rate in household income during 
the five-year interval between the census year (1989) and our survey year(1994)14), the mean 
household income, $49,000, of the study participants corresponds well to $50,000 of the 
estimated household income of the Japanese American population in 1994. With these 
findings, the study participants may well be deemed to represent the Japanese American 
population at least in terms of their income. 

Participants during 1989-92 and those in 1994 did not differ significantly in terms of their 
characteristics (% of current drinkers: male 63% (1989-1992) vs. 65% (1989-94), female 42% 
vs. 46%, percent of current smokers: male15% vs.15%, female 10% vs. 9%). Hence it was 
considered that combining the data from the two periods is appropriate to increase statistical 
power. For 60 participants who participated in the health examinations in both periods, the first  
data were included for analysis. 

   Since the study participants in this study were recruited from volunteers, it might be 
questioned whether the study participants differ from non-participants in terms of their health 
status. Unfortunately, we are unable to provide an answer. In this respect, the Honolulu Heart 
Study conducted in Hawaii investigated the difference between participants and non-
participants and revealed that total mortality and CHD incidence were higher in non-
participants than in participants15). If this finding is also applicable to our study, one may well 
assume that nonparticipants would be less healthy than participants. 

   What characterizes Japanese Americans in Seattle can be examined in comparison with 
the American general population and the Japanese general population. With regards to BMI, 
the average BMI of Japanese American males (25.6) is close to American men and that of 
females is close to Japanese women (23.9). The average BMI of American general population 
(20-74 years old) was 26.3 for men and 26.3 for women16), and the age-specific average BMI 
of Japanese general population (20-80 years or over) ranges from 21.0 to 23.2 for men and 21 
to 23.4 for women17). In this study, obesity was dichotomized as above or below 2716) to be 
used as an explanatory variable but failed to demonstrate any significant association with PVW 
abnormalities in men and demonstrated 1.28, only a slightly elevated non-significant odds ratio 
in women. 

   The second characteristics of Japanese Americans in Seattle is that they have a higher 
average total cholesterol level than American and Japanese general populations: 224.3 mg/dl 
for men and 226.0 mg/dl for women as compared to the averages of 202 mg/dl for American 
men and 200 mg/dl for American women18), 198.6 mg/dl for Japanese men and 207.1 mg/dl for 
Japanese women19). In this study, TC/HDL-C ratio was dichotomized as above or below 4.5 to 
be used as an explanatory variable and demonstrated a significantly elevated odds ratio of 
1.61 for both sexes combined and 1.98 for women but proved to be non-significant in men 
(1.32) suggesting a gender discriminatory effect of cholesterol on PWV. 
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   Morishita reported that average PWV values in the hypertensives were higher than in 
controls in every age group6). Also, our results showed that the association between 
hypertension and prevalence of PWV abnormalities as shown by significant odds ratios of 2.0 
for men and 1.94 for women, suggesting strong effects of hypertension on development of 
atherosclerosis. 

Diabetes is a known atherosclerotic risk factor20,21) and our study shows highly elevated odds 
ratios in men (5.7) and women (2.5) of the prevalence of abnormal PWV values for diabetics 
as compared to non-diabetics.  This finding is consistent with the findings by Hasegawa and 
Morishita that PWV for diabetics is more accelerated than PWV for non-diabetics22,23).  

   Smoking is another known atherosclerotic risk factor24,25) but the odds ratios of abnormal 
PWV values for current smokers were not significant: 1.56 for men and 1.32 for women.  As 
for ex-smokers, the odds ratios were 1.82 (p<0.01) for men and 1.38 (NS) for women.  It is 
possible, however, that an extremely low rate of smokers among Japanese Americans in 
Seattle (15.3% for men and 8.9% for women), in comparison to rates in American general 
population (27.7% for men and 22.5% for women26)) and in native Japanese (59.8% for men 
and 13.8% for women27)), might have weakened the statistical power to reach significance in 
an odds ratio of abnormally high PWV values for current smokers.  

   Alcohol consumption among Japanese Americans in Seattle (3.7 g/day/person in pure 
alcohol in Table 1) was also extremely lower (only one-fifth of) than among Americans and 
among native Japanese living in Japan (19.9g and 17.9g/day/person, respectively, calculated 
from published reports27,28) in both countries).  

   Moore and Pearson reported that they had identified studies demonstrating the negative 
relationship between alcohol consumption and atherosclerosis but no studies showing the 
positive association after their careful review of pathological studies29). Barboriak30), 
Gruchow31) and Pearson32) also reported that alcohol consumption and coronary occlusions 
were inversely correlated. We found that the odds ratio of abnormal PWV values for current 
drinkers was 50% smaller than that for non-drinkers in both sexes, and such findings are 
consistent with findings of other previous studies suggesting protective effects of drinking on 
atherosclerosis. Furthermore, the negative odds ratio observed for ex-drinkers suggests anti-
atherosclerotic effects of drinking persists even after drinking cessation.  The inverse 
relationship between coronary heart disease （CHD) and alcohol consumption has been 
reiterated by numerous studies29, 33-37） warranting further investigation in Japanese Americans 
in Seattle.  

   Prevalence of abnormal PWV values was 25.8% in men and 28.8% in women. Logistic 
regression analysis demonstrated that the male-sex factor reduces the risk of abnormal PWV 
values by 35% (Table 3). Hasegawa reported that the average PWV value was higher in 
women than in men after 50 years of age based on his age- and sex-specific PWV 
measurement on healthy Japanese population and attributed such a sex difference to 
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hormonal changes in women passing 50 years of age and healthy survivors’ effect (attrition 
due to atherosclerotic deaths) in men38). Such effects may be particularly strong in Japanese 
Americans in Seattle. The sex ratio (men/women) of Japanese Americans in King county 
including the City of Seattle over 55 years old was 0.6739), lower than that of native Japanese 
of the same age group, 0.827). Although no ready explanation is given to a sharp drop in the 
male population after 55 years of age in Seattle, the healthy survivors’ effects cannot be ruled 
out as a possible explanation of the low prevalence of PWV abnormalities in men, which may 
lead to further research.  

   It is generally accepted that atherosclerotic changes in coronary arteries advance faster in 
men than in women as evidenced by a sharp sex difference in age-specific CHD mortality 
below age 70, but our findings suggest that atherosclerotic changes in large arteries differ from 
coronary atherosclerosis. Current research indicates that atherosclerosis of large arteries 
precedes that of cerebral and coronary arteries40~42). Also, the presence of atherosclerosis in 
large arteries and coronary arteries does not necessarily translate into the onset of CHD, 
suggesting that causes of CHD are affected by a complexity of other risk factors. Such 
complex issues may be partly answered by comparing PWV values with EKG readings43).  

   In 1984 Hara, et al. reported that the age-specific means of PWV values in Japanese 
Americans in Hawaii islands were significantly (p<0.001) higher than in native Japanese after 
age 50s44).  If the findings in Japanese Americans in Hawaii applies to Japanese Americans in 
Seattle (i.e., their PWV values are higher than those of native Japanese after their 50s), the 
relationship between PWV and atherosclerotic risk factors could have been overestimated 
among Japanese Americans leading to statistical significance. We are planning to pursue this 
hypothesis by comparing our results in Seattle with native Japanese.  

   The findings obtained from this study in addition to our other studies are summarized as 
follows: 1) age-specific averages of total cholesterol, LDL cholesterol and triglycerides in 
Japanese Americans were significantly higher than those of both American and Japanese 
general populations45); 2) age-adjusted prevalence of high PWV abnormalities in Japanese 
American men is significantly higher than male urban workers in Japan46); 3) age-adjusted 
prevalence of abnormal changes in retinal arteries in Japanese American men was 
significantly lower than that in male urban workers in Japan47); 4) prevalence of coronary heart 
disease in Japanese American men and women was significantly higher than that in male 
urban workers in Japan48). These observations reflect differences in progress of 
atherosclerosis and prevalence of related diseases resulting from differences in eating habits, 
life style and environmental factors between the United States and Japan. Comparative 
studies of Japanese Americans and native Japanese continue to play an important role in 
elucidating how environmental factors affect the onset of diseases.  

   PWV reflects the anatomical severity of atherosclerotic changes in aorta. However, whether 
or not PWV predicts the onset of atherosclerotic diseases particularly coronary heart disease 
warrants further investigation. PWV is an effective tool to measure the severity of 
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atherosclerotic changes in a quick and easy manner and to keep patients well informed of their 
severity of atherosclerotic changes.  
 

References 

1) Hallok P. Arterial elasticity in man in relation to age as evaluated by the pulse velocity 
method. Arch. Int. Med 1934; 54: 770-798. 

2) Haynes FW, Ellis LB Weiss S. Pulse wave velocity and arterial elasticity in arterial 
hypertension, arteriosclerosis and related conditions. Am. Heart J 1936; 11:385-401. 

3) Hasegawa M. Fundamental research on human aortic pulse wave velocity. Jikei Medical 
Journal 1970; 85: 742-760. 

4) Otsuka F. A study on relationship between pulse wave velocity of human aorta and its 
postmortem histo-pathology. Jikei Medical Journal 1973; 88:1-16. 

5) Morishita K et al. A biophysical index for arteriosclerosis – method to examine aortic puse 
wave velocity – Epidemiological edition. Clinical electronics 1984; 11(4): 109-121. 

6) Morishita K, et al. Complication of arteriosclerosis in the Therapeutic group for hypertension 
I – Analyses based on epidemiological standpoints. The Journal of Japan Atherosclerosis 
Society 1984; 12: 725-731. 

7) Goto Y, et al. Diabetes and arteriosclerosis. The Journal of Japan Atherosclerosis Society 
1986; 14: 247-258. 

8) Ishikawa H, et al. Correlation between aortic pulse wave velocity and serum total 
cholesterol level. The Journal of Japan Atherosclerosis Society 1985; 13: 589-593. 

9) Suzuki K, et al. Epidemiological studies of arteriosclerosis (I): Association of aortic pulse 
wave velocity with hypertension, arteriolar sclerotic changes in the retina, and ischemic 
ECG changes. The Journal of Japan Atherosclerosis Society 1996; 23(11): 715-720. 

10)  Ulene A. Count out cholesterol: American Medical Association Campaign Against 
Cholesterol. Feeling Fine Programs, Inc. and Alfred A. Knopf. Inc. 1989. 

11)  Kahn HA, abd Sempos CT. Statistical methods in epidemiology. Oxford University Pres, 
New York 1989. 

12)  SPSS Inc. SPSS / PC + Advanced Statistics, Version 5.0, 1992 

13)  U.S. Dept of Commerce, Bureau of the Census. The 1990 US Census Report: State of 
Wahington 1992; p.374. 



9 

 

14)  Washington State Employment Security Department. Annual Demographic Information 
1994: King County. 1994, p56 

15) Benfante R, et al. Response bias in the Honolulu Heart Program. Am J Epidemiol 1989; 
130: 1088-1100. 

16) Kuczmarski RJ, et al. Increasing prevalence of overweight among US adults. JAMA 1994; 
272: 205-211. 

17)  Japan Ministry of Health, Labour and Welfare, Health Service Bureau. Dietary reference 
intakes for Japanese (4th edition). Daiichi publishing, Tokyo.1989. 

18)  Johonson CL, et al. Declining serum total cholesterol levels among US adults. JAMA 
1993; 269: 3002-3008. 

19)  Japan Minitsry of Health, Labour and Welfare, Health Service Bureau. The summary of 4th 
basic survey on cardiovascular disease. 

20)  Bierman EL. Atherosclerosis and other froms of arteriosclerosis, in Harrison’s Principles of 
Internal Medicine, 9th ed., Edited by Isselbacher KJ, Adams RD, et al. New York: MaGraw 
Hill Book Co., 1980; 1156-1166. 

21)  Kuller LH. Epidemiology of cardiovascular disease: current perspectives. Am J Epidemilo 
1976; 104:425-456. 

22)  Morishita T, et al. Long-term individual changes of arteriosclerosis by epidemiological 
assay (I) – Characteristics by age and sex shown on aortic pulse wave velocity - The 
Journal of Japan Atherosclerosis Society. 1985; 12: 1463-1468. 

23)  Hasegawa M, et al. Diabetes and arteriosclerosis. Advances in Diabetology. 1983; 17: 81-
97. 

24)  Japan Ministy of Health, Labour and Welfare. Smoking and health – 2nd report regarding 
smoking and health issues. Japan Health Promotion Fitness Foundation. 1993; 77-78 

25)  U.S. Dept of Health and Human Services: Report of the Surgeon General, Health 
Consequences of Smoking: Cardiovascular Disease. U.S. Government Printing Office. 
1983; 13-62. 

26)  U.S. Centers for Disease Control and Prevention. Cigarette smoking among adults: United 
States, 1993. JAMA. 1995; 273: 369-370. 

27)  Japan Health, Labour and Welfare Statistics Association. Journal of Health and Welfare 
Statistics. special edition, The trend of national hygiene. 1994; 41(9): 99-101. 



10 

 

28)  Ervin B. and Reed D., eds. Nutrition monitoring in the United State. Chartbook I: Selected 
Findings From the National Nutrition Monitoring and Related Research Program. 
Interagency Board for Nutrition Monitoring and Related Research. Hyattsville, Maryland: 
Public Health Service, 1993. 

29)  Moore RD and Pearson TA. Moderate alcohol consumption and coronary artery disease: 
A review. Medicine 1986; 65: 242-267. 

30)  Barboriak JJ, Anderson AJ, Hoffmann RG. Smoking, alcohol and coronary artery 
occlusion. Atherosclerosis 1982; 43: 277-282. 

31)  Gruchow HW, et al. Effects of Drinking patterns on the relationship between alcohol and 
coronary occlusion. Atherosclerosis 1982; 43: 393-404. 

32)  Pearson TA, et al. The association of low levels of HDL cholesterol and arteriographically 
defined coronary artery disease. Am J Epidemiol 1979; 109: 285-295. 

33)  Goldberg RJ, Burchfiel CM, Reed DM. A prospective study of the health effects of alcohol 
consumption in middle-age and elderly men. The Honolulu Heart Program. Circulation 
1994; 89: 651-659. 

34)  Klatsky AL, Armstrong MA, Friedman GD. Relations of alcoholic beverage use to 
subsequent coronary artery disease hospitalization. Am J Cardiol 1986; 58:710-714. 

35)  Kono S, et al. Alcohol and mortality. A cohort study of male Japanese physicians. Int J 
Epidemiol 1986; 15(4): 527-532. 

36)  Stampfer MJ, et al. A prospective study of moderate alcohol consumption and the risk of 
coronary disease and stroke in women. N Eng J Med 1988; 319(5): 267-273. 

37)  Klatsky AL, Armstrong MA, Friedman GD. Risk of cardiovascular mortality in alcohol 
drinkers, ex-drinkers and nondrinkers. Am J Cardiol 1990; 66: 1237-1242. 

38)  Hasegawa M, et al. A biophysical index for arteriosclerosis – method to examine aortic 
pulse wave velocity – Clinical edition (2). Clinical electronics 1983; 11(3): 87-89. 

39)  U.S. Dept. of Commerce, Bureau of the Census. The 1990 U.S. Census Report: General 
Population Characteristics. State of Washington 1992; p. 141. 

40)  Bjurulf P. Atherosclerosis in different parts of the arterial system. Am. Heart J. 1964; 68: 
41-50. 

41)  Iwamoto M. Study on Evaluation of the atherosclerosis. -1. Atherosclerotic changes with 
advancing age in the aorta, coronary artery and the arteries of the base of the brain – 
Nippon Ronen Igakkai Zasshi. (Japanese Journal of Geriatrics.) 1972; 9: 133-143. 



11 

 

42)  Sadoshima S, et al. Studies of arteriosclerosis in postmortem histopathology and 
arteriosclerotic diseases regarding 10-years epidemiologic study in one district (Hisayama-
cho). Fukuoka Acta Medica 1974; 65: 701-703. 

43)  Suzuki K, et al. Epidemiological studies on various serum lipids in healthy normal 
Japanese city inhabitants (II) – Relationship between various serum lipids levels and 
ischemic ECG changes or aortic pulse wave velocity values for 1984 - The Journal of 
Japan Atherosclerosis Society. 1987; 15: 1547-1556. 

44)  Hara H, et al. Pulse Wave Velocity (PWV) in diabetics and Japanese-Americans in Hawaii 
– Clinical evaluation of usefulness as index for the noninvasive quantitative diagnosis of 
arteriosclerosis and correlation with diabetic microangiopathies _Journal of Japan Diabetic  
Society 1986; 29(8): 737-748. 

45)  Namekata T, et al. Cholesterol levels among Japanese Americans and other populations: 
Seattle Nikkei Health Study. J Atherosclerosis and Thrombosis. 1996; 3: 105-113. 

46)  Namekata T, et al. Aortic pulse wave velocity and risk factors for cardiovascular disease in 
Japanese Americans and native Japanese. Program and Abstract, The XIV International 
Scientific Meeting of the International Epidemiological Association in Nagoya, Japan, 
August 27-30, 1996, p160. 

47)  Namekata T, et al. Arteriolar sclerotic or hypertensive changes in the retinal artery and 
atherosclerotic risk factors in Japanese Americans and native Japanese. Program and 
Abstract, The XIV International Scientific Meeting of the International Epidemiological 
Association in Nagoya, Japan, August 27-30, 1996, p162. 

48)  Namekata T, et al. Coronary heart disease and its risk factors among Japanese 
Americans in Seattle and native Japanese in Japan. Am J Epidemiol (Supplement). 1997; 
145(11): S84. 

 

(Translated by Tsukasa Namekata) 

 



12 

 

 

 

  



13 

 

 

 

  



14 

 

 

  



15 

 

 



16 

 

 

 


